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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE PRODUCTION, EXTRACTION, AND GERMINATION
OF LODGEPOLE PINE SEED

By C. G. Bazres

Sendor Silviowtiurist, Lulc Steles Forcst Eeperimont Station, Branch of
Rescurch, Foresl Sercvice
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INTRODUCTION

The investigations into the qualities of lodgepole pine (Pinus
conforta) seed reported in this bulletin were begun in 1910, at a
tirne when the Forest Service contemplated very extensive refor-
estation in the West by the “ direct-seeding ” method. They were
undertalken because of economic and techmical difficulties encoun-
tered In obtaining the seed of this species in sufficient quantitics and
at such cost as to make the reforestation program feasible,

Although at the outset no great difficulty was met with in obtain-
ing adequate supplies of cones, anticipation of future needs led in
1911 to a systematic study of the quantities of cones produced per
unit arvea and of the intervals at which large crops may be expected.

As is well known, the cones of Jodgepole pine do not open imme-
diately upon ripening, and, ltke those of jack pine and the Europesn
Scotch pine (Pinus sylvestris), offer considerable resistance to arti-
ficial treatment. The first attempts to extract seed from the cones
of this species were rewarded by many disappointmenis and by
yields of seed so small as to make the price prohibitive. Forest

110508°—30—1 1
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officers reported that cones dried for us much as 24 to 48 howrs at
130° to 200° F. for the most purt failed to open or to yicld seed of
vonsistently acceptable quality.

The first conclusion was, naturally, that an extremely high tem-
porature must be used to open all the cones; the second, that the
temperatitre which would be effective would in all probability de-
stroy the viability of the seed.

Fortunately, the Forest Service had Eurepean expericnee with
Scotch pine seed extraction to fall back upen, of which Wichecke’s
account (74)* is an example. As soon as reforestation on a large
scale made the seed problem an important one, efforts were made to
apply Kuropean methods to the extraction of lodwepole pine seced.
From 1910 to 1913 & number of experiments conducted at sced plants
then in operation yielded much valuable information which, in a
large measure, solved the practical problems. However, in these
large plants, when every offort was being made to obtain =eed at a
low vost, it was often impossible to control the conditions of extrac-
tion so as to produce clear-cut resulis of scientilic vilue. Small ex-
perimental kilns employed since 1912 huve given resulis that have
added considerable refinement to the general conclusions already
formed and have made more clear the principles involved. The
carly, rougher tes. will be referved to in this bulletin only in so far
ts mey be necessary fo round out the duta and conclusions from the
Later tesis.

The practical results of seed extraction will always be found in the
number of germinable seeds obtained, Besides sitemmpting to reduce
{he cost of sced to a reasonable point, all of the fests since 1910 have
kept well to the fore the necessity for producing seed of high quality.
Consideration of the probable deleterious effect on the seed of over-
heating the cones has always been paramount, and every test of
practical importance has been checked by a determination of its effect
on seed quality.

The large number of germination tests thus called for; as well as
those desired fov sced lots to be used in the major reforestation work,
soon dirceted a great deal of attention to the technic of seed testing,.
It was obvious that scientific conclusions should be drawn from ger-
mination percentages per se only after the most cavetul analysis
and with the assurance that the various seed lots have received as
nearly as possible the same mechanical treatment. For this reason
the effort was made to adopt standard methods which would insure
the most valid comparisons between difterent seed lots representing
different cone treatments and between the same seed lots at different
periods,

Although the principal aim of this bulletin is to record the studies
directed toward the problem of lodgepole pine seed extruction at rea-
sonable cost, it is desirable that the fundamental prineiples invalved
at all stuges in the collection of cones, their storage and extraction,
the testing and storage of seeds, and the final sowing and results to
be expected should be made clear, in order (hat unexpected practical
problems may in a large measure be solved in advance. Considera-
tion will therefore be given at some length to a threefold concept of
the problem. This will include, in Jogical order: (1) The natural

1 Italic nombers in parentheses refer to Literature Clted, p, 91,
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rate of production of lodgepole pine cones and seed, and variations
from year to year, as these may affect both plans for seed collection
and plans for securing naturai reproduction after cutting; {2) the
collection and storvage of lodgepole pine cones and extraction of seed
therefrom, both the practical features and physical principles in-
volved ; and {3) the characteristics of lodgepole pine seed germina-
tion, in the greenhouse and field, as influenced by the germinating
conditions, by the seed source and quality, and finally by fiel
conditions.

CHARACTER OF LODGEPOLE PINE CONES AND SEEDS

Lodgepole pine has for a long time been a tree of such unusual
interest to botanists and foresters that it scems appropriate to
raview all of the available facts regarding it that may have a con-
nection with the present study.

In so doing the general tendency to consider the lodgepole pine
ot the Rocly Mountains and of the Sierras as one botanical species ®
will be svoided. Discussion will be coufined to the Rocky Mountain
torm. without attempting te depict the character of the Pacific
form in any respeet.

In his Life History of Lodgepole Burn Forests Clements (5) has
considered in detail all the factors affecting the reproduction of
this species, inclinding the sced preduction and seed qualities, but
thig Intter phase of hiis work is based on very meager information
which will serve mainly as an introduction to the present study.

Mason {70} has considered the development of lodgepole pine
in its economic aspects as influenced by growth, stocking, and yield,
but also reviews much of Clements’s information on seed, light
requirements, cte.  Both of these studies were confined to the Rocky
Mountain form of lodgepole pine.

RELATION OF FIRE T¢ LODGEPOLE PINE DISTRIBUTION

In the central Rocky Mountains lodgepole pine occapies a zone
or belt which may be described in a general way as extending from
middle to high elevations. A better conception of the position of
the species is given by thinking of it as having migrated along the
tine {wencrally at about 9,500 feet elevation}, which represents the
division between the middle forest zone of Douglas fir (Pseudo-
fsuge taxifolia) and the higher zone of Engelmann spruce (Picea
engelmannii}. From this line it has spread both upward and
downward, sometimes reaching quite or almost to the lower limits
of Dounglas fir and aguin, as on the Holy Cross National Forest in
Colorado, ocensionally going to timber line with the spruce.

Ou the whole, lodgepole pine has cncroached on the fir zone
much move than on the spruce. The reason for this is fairly appar-
ent. In almost every spot where now are pure stands of lodgepole
pine evidences may be found of a devastating fire, which cvi?lent}y
gave rise to these stands, Such a fire is dependent on two main
conditions—suflicient dryness to start a conflagration and sufficient

2he fwa foring nre froquently dlEprentiated hy the names Pinya arreaing and J.
contorty, reapettively, but the Forest Serviee bas adopted the latter neme for both formy,
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density of stand to induce o crown fire, Where the latter condition
does not exist and the fire is confined to the ground in whele or in
art, many trees of the predominant species may be killed, but at
east n few will survive to reseed the area. The two conditions fn-
voring lodgepole pine succession, 8 dense stand and dangerous dry-
ness, are more likely to be combined in the middle forest zone than
in the spruce zone—hence the almost complete destruction of the
Douglas fir forests and their supplanting by the more fecund, if
short-lived, lodgepole pine.

It 1s the opinion of the writer, expressed in 1917 as a result of
# study of seed behavior (), and corroborated later by studies of
the peculiar physiological functioning of trees of this species (),
that lodgepole pine is properly an “invader ? of the central Rocky
Mountain forests, and moreover that the invasion las been extremely
recent, so that over large aveas the mature lodgepole pine stands
which we now possess represent the first generation of the species as 2
forest dominant in this region.

Without doubt, however, the vigor of lodgepole pine as an invader
of areas denuded by fire results very In 1'rreTy from the character of
its seed supply, which is such as to withstand fire to some extent,
:mdd so to be available for the immedinte revegetation of denuded
Iand.

Since so much speculation has been entered into as to the function
of fire in reproducing ledgepole pine and favoring this species rather
than the more permanent spruce and Douglas fir, it is desirable to
make clear that only two relationships of fire to lodgepole pine
forests have been satisfactorily established. Fire may dry and open
the old cones on lodgepole pine trees, even while killing the trees
themselves and all other sceds of fovest trees. Sceds from such
cones falling on the completely denuded ground are without im-
mediate competition, and thus have the ample moisture supply which
their frail character and slow-rooting habit require. QOther effects
of fire are practically equally balanced. Charcoal and ashes may
possibly furnish temperatures favorable to lodgepole pine germina-
tion; contact with the mineral soil, which st times is mnch more
moist than the duff and litter, possibly helps also; but chemical
changes in the soil from burning are rather unfavorable to the vigor
of lodgepole pine seedlings, since these appear to prefer soil with s
moderately ncid reaction.

S0l PREFERENCES

A fact of considerable importance in the natural distribution of
lodgepole pine, as well as in the possibility of further invasions and
the management of existing stands, is the predilection of the species
for siliceous soils. The growth of the tree is by no means inhibited
by such soils as those derived from limestone and fine-grained ig-
neous rocks, and yet in some cases the natural migration of the
species appears to have been definitely determined by soil charac-
ter. There is searcely any doubt that this indicates some degree of
fastidiousness on the part of lodgepole pine as to the mineral nutri-
ents of the seil,
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More important, howevcr, is the inability of the species to contend
with any severe degree of drought. Light sandy scils in general
hold most of their moisture at considerable depth and thereby stimmu-
late deep rooting of lodgepole pine seedlings; but it is perhaps more
significant that these light soils do not, after denudation, encourage
g heavy growth of herbaceous vegetation to compete with lodgepole
pine seedlings for the moisture supply. Lodgepole pine pre%ers a
light, and especially a well-drained soil, but the successful establish-
ment of seedlings is more dependent on their having the field largely
to themselves.

The seedlings of lodgepole pine, according to Clements’s analysis
and to present general 1deas, are light-demanding; and they are not
as well equipped by growth habit as those of spruce or Douglas fir to
contend with severe competition. In short, lodgepole pine is rather
an invader of freshly denuded or young soils than a climax forest
contender and, in the language of the forester, has 21l the earmarks
of a forest * weed.”

An interesting illustration of distribution according to soil is
found on the western slope of the Bighorn Mountains, Wyo., where
a number of glacial flows have cut deep grooves in the native lime-
stone formations of middle and low elevations, and have left these
grooves filled with loose deposits of granitic material from the
higher mountains. Almost without exception these moraines are
occupied by lodgepole pine, whereas the parallel limestone ridges
are as exclusively occupied by Douglas fir,

THE CONES

Cones of 1odgeﬁole pine vary greatly in size, according to the con-

ditions of growth. The length varies from 1 to 3 inches and ihe
diameter from three-fourths to 114 inches. Cones of smaller size
than this are often produced but are usually unfertilized and bear
no seed. {PL 1, A.) Normal cones usually run from 1,500 to 2,000
o the bushel.

The normal shape of the lodgepole pine cone is ovate-acute, but
this is frequently varied by a tendency to a one-sided development
which results in a flattening or even a concavity of the undeveloped
side. This arrested development usuall‘y occurs where the cone is
closely appressed to a stem or branch “leader.” Lack of develop-
ment probably results both from failure of the pollen to reach the-
concealed surface and from the lack of light to keep sctive the tissues
while they are still in a growing state. Zederbaner (76} in the study
of the widely distributed mounfain pine (Pinus montana) of Europe,
which shows such great variation in cone form as to lead to the
naming of numberless varieties, concluded that the form of the cone
was very largely controlled by light and that the different varicties
migi&t result from differences in climate, altitude, and density of the
stand,

The scales of the cone nearest the tip, with the exception of the
first half dozen, are those most certain to bear viable seeds; the
extreme basal scales never do. Undeveloped scales also ave very
likely to be barren. Of the average cone it would probably be
correct to say that the seeds ave entirely in the upper half. Tt is
almost impossible, and wholly futile to bring about the spreading
of the lower scales,
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The weight of fresh, green lodgepole pine cones at the time of
maturing is 38 to 50 pounds to the bushel. An aversge figure for
cones as commonly collected is 42 pounds to the bushel. Since the
excess moisture contained in green cones’is very quickly lost, it is
never equitable to purchase cones on a weight basis. Cones thor-
cughly dried at the temperature of boiling water weigh about 23
pounds to the bushel, original .volume. In opening the cone scales
spread widely, increasing the volume 100 to 150 per cent, according
to the rate of drying and temperature of the treatment. With a
110° F. treatment very few of the cones open widely and many do
not spread the scales far cnough to permit the seed to full out.
With the more rapid drying at 170° or 200° even small, abnormal
cones ure forced to spread their scales wide.

The specific hent of cones dried at 150° T. has been determined
to be approximately 0.43. The fuel value of cones, as very roughly
detzrmined, is approximately that of wood or about 8,000 British
thermal units per pound of dry weight.

THE SEEDS

The seeds of lodgepole ping var in length from 2 to 3 milliraeters.
They are typicaily somewhat Hattened threughout and obtusely

pointed at the small end. The normal color of the seed is black,
with numerous excrescences of resin, which give it a slightly grayish
tene, (Pl 1, B.) Although brownish seeds are sometimes fertile,
off color denotes lack of wvitality in lodgepole pine perhaps more
than in any other conifer. Hollow seeds are often nearly white, or

blnck with large blotches of white. “

Seeds of lodgepole pine as they come from the cone arve enveloped
in a thin membrane to which is attached the so-called * wing,” resem-
bling the samaras of ash and maple, but more thinly membranous.
The wing acts as a slightly turned rudder, causing the seed to spiral
in its descent, and in treating the sced, this wing, brittle and easily
broken by rubbing, is always removed te reduce the volume and
facilitate handling,

The number of fully developed seeds in each cone varies widely.
An approximate maximum nwmnber is 50, the average for large lots
of normal cones is about 40, and the mitimum goes down to I or 2
in extreme cases.

The yield of seeds, with effective extraction methods, usually falls
between one-third and one-half of a pound to the bushel of cones,

The normal number of seeds per pound in thoroughly cleaned
lots, from which light seeds have been removed to a moderate degree,
is 100,000. The size of the seed compares rather closely with that of
jack pine (Pinus Banksiana), n close counterpart of lodgepole that
in the Lake States yields an average of 129,000 seeds per pound.
Tingelmann spruce of the Roclky Mountains has smaller seecd than
lodgepole pine, wherers Douglas fir and Western yellow pine are
2.5 to 10 times as large, The extreme variations in number arve from
85.000 to 160,000 seeds per pound, depending both upon size and
dryness,
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PLODUOTION OF LODGEFOLE PINE SEED

SEED PRODUCTION OF LODGEPOLE PINE

While many scattering observations on the seed production of
lodgepote pine are to be found in the literature of American forestry,
notably in the discussion by Clements (%), so far as known the
ouly serious attempt to measure the fecundity of the species sys-
tematically over a period of years has been made by the Forest
Service on the Medicine Bow National Forest in southera Wyoming
and on the Gunnison Nationul Forest in western Colovado. These
two Joealities were chosen to represent different climatic regions
likely to show very different results. (Table 1.} The Medicine Bow
area, on a flat plateauw at 9,000 feet elevation, is subject to low winter
temperstures and heavy snow accumulations, is seldom free from
killing frosts® in any month of the yesr, and suffers increasing dry-
ness as the summer advances, although there is a slight increase in
precipitation in July and August. The Gunnison area, at an eleva-
lion of about 9.200 feet on a steen northwest slope, is in a region
subject to even lower winter temperatures and heavy snowtall, but
by reason of its more southerly latitnde appreciably warmer during
the summer months.  All of this portion of Colorado receives fairly
abundant rains during July and August, which more nearly counter-
balance the high cvaporation rate.

ranry 1.—Normal femperaftre ond precipitation. of Medicine Bow area in
sorthern Wyomiig and Gunnizon grea of western Colorado®

Normal Nornm! pire- Normul Wormal pre-
tamperulure cipilation temperature cipitation

Sledi-
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Gun- l\c[i‘";:g' Qun- 24 Gun. Béﬁ‘]:' Gug- -
uison | fom | Bison Ene | nison

Thekes . . | nches | Inches

5 . 1.32 1. 48
1.0 1382
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1.
i
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i3
i
19
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4 A e T
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6.0} 17.78
4.22

ear
“Bummer....... 575

1 Southern Wyaming representecd by Foxpoark Station, 11-vear record; Gunnison represented by Pitkin
for preciitation nog Crosted Daeite for temperature 13 yeors and 12 yoars, respeetively.  All records read
fromn Climatological Data of the U, 3. Wenllier luren.

DESCRIPTION OF THE EXPERIMENT

The two projects were started simultancously in 1912, on a 10-year
plan, both being completed with the collection of the seed crop for
1921,

In cach project 10 contiguous plots were laid out, one of these to
be cut each year for the collection of cones, since with this species
it is impracticable to collect the cones except after felling the trees.
The size of the plots was arranged to include about 100 trees in
each, and in each plot the trees were classified at the outset into 156

3 /illing as npplied to erdlnary vegetation. Of course, the native vegetation hus become
axtremely boaly and Is aul alfveted by lempecatures negre 0% 12
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groups, the numbers 1 to 5 representing relative heights as usnally
expressed by the words dommant, codominant, intermediate, op-
pressed, and suppressed. Within each of these five groups the trees
were further differentinted as to crown fullness by the letters a, b,
and ¢, trees with the fullest and most vigorous crowns being desig-
nated u. For a given height class the trees with widest crowns
commeonly have the largest dinmeters, i

After this classification of the trees had been completed about 15
trees of representative development for their respective groups were
selected on ench plot, and from these the actual cone collections were
to be mnde. Very few trees were allovated to the oppressed or sup-
pressed groups, especinlly on the Gunnison area, an in consequenceé
many of these groups are not represented. This is as it should
be, since it will be neted that the lower grades, when cut, yielded
little or no seed.

The cones having been collected from the sample trees and the
seed cxtracted, weighed, counted, and tested, the method of com-
puting the total yield was to increase the yield for each group in
proportion to the ratio of total trees to sample trees in that group
and then to reduce the yield to an acre baais.

In the collection of the cones those just maturing were separated
from the unopened cones produced in previous years. The former
will hereafter be called “new ” and the latter “old ” cones. The
cones from {wo or more sample trees of a given class were usually
combined into one lot, although in some instances individual trees
have been followed through,” There is no uniformity, or even
similarity, in the productivity of individuals of a given class, so
the entire set of sample trees gives only a fair stand average for each
Eeur, and the tree classes may be roughly compared only on the

asis of 10-year avernges.

All of the sced extracting was done in the experimental kiin at the
Fremont Iaboratory of the Rocky Mountain Forest Experiment Sta-
tion 25 soon as possible after the collection of the cones. The larger
proportion of the seeds was extracted ut moderate temperatures,
When moderate temperatures were not effective, higher temperatures
were employed to obtain maximum yields. There is no evidence that
the germinability of the sceds was ever appreciably lowered by the
drying treatment given.

fxtraction of sceds from the 1918 and 1920 crops was delayed
nearly a year. Since the conditions for cone storage in the interval
were not ideal, it is possible that the relatively low germinative
capucities of these two crops may be ascribed in part to this factor.

Five hundred seeds were used for each test, where that number was
available, In a few instances, where the total number of seeds
available was very small, the germination was estimated at 50 per
cent without making any test.

COMPARISON OF THE MEDICINE BOW AND GUNNISON STANDS

A summary of the Medicine Bow plot tallies gives the average
number of trees on that nrea as 443 per acre, whereas on the Gun-
nson urex the number was 528, In mean age, the trees were prac-
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tically the same in the two places, about 185 years, but the trees on
the Medicine Bow aren had & much larger average diameter, (Table
2.) This difference in growth is no doubt due in part tu the less dense
stand on the Medicine Bow, but it is probable also that the soil at
Medicine Bow is more favorable to growth. The gneiss soil from
the Medicine Bow locality has been shown by greenhouse tests to be
peculiarly suited to the vigorous growth of lodgepole pine and, on
the basis of these tests, must be rated at least 50 per cent higher than
the soil from the Gunnison plots,

TaBLE 2.—dpge end diameter of the sample lodgepole pine trees’

Average dinmeter
Average agn breast high Basls, trees

Madicina Medleino Medicine
Bow | Gunnisan | ECEI0 | Gunpison s How | Quumison

Number Number

Years Inchey Itch
203 14.1
1L 9
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1 Medicine Bow plota for the yenrs 1615 and 1017-1020; Gunnison plats for the Fears 1617-1921.
! Avernges delermined by the usual slgebraic method of busal preas.

¥ Thasa are the avernge diameters for the gronps rapresented, the sunple-tres diamesters in thiz case not
haviug bean recorded,

There is, then, on the Medicine Bow ares a somewhat more open
stand of larger, more limby trees, and more mature in the sense of
having attained the stature of maturity. Some of these trees were
mnfected with mistletoe, and recent observation in the same locality
indicates that such trees are usually poor seed bearers. Pearson
(11) found that some western yellow pines (Pinus ponderosa) in-
fected by mistletoe yielded seed of lower vitality than the seed from
healthy trees, although the quantities were nof. greatly reduced by
anything less than very heavy infection. It is questionable whether
these facts have any material bearing on the seed production of the
Lwo areas, since it will be shown in the later analysis that this is
probably most directly controlled by local climatic conditions.

AMOUNT OF SEED PRODUCED

In Table 8 the weight and quality of the seed collected each year
are given, together with the computed number of good seeds as meas-
ured by the total or final germination percentages. This final figure
is shown graphically in Figure 1,
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Tanty 3—Summary of lodgepole pine sced production per acre of forost

Moedicine Bow
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1 Thg peemination peripd hag been for 82 days whers noted. To 1912 o Modicine Bow etop was tested
for 86 days; 1610, 60 ta 80 doys, Wity 75 daoys ue tho nverage; LBLT, 88 doys; 191, 65 ta 102 days, with ¥ days
provaiiing 00, 68 days; 1921, 73 days. The 1912 Ginonigot erop was tested for 66 davs; the 1004 anly fae
50 to 52 tlwrs; Lho 1915 crop for B2 duys; 1#L6, 80 days; 1317, 58 to 50 <days; 1918, 02 ta 108 days; 1919, 160 days;
1521, 84 duys,

1 Crop so sl Lint all 1ots of new and old cones were ldmped togathar, Tho proportion assigned to old
antl new {3 abtnined from the cone weights.

The salient points brought out by Table 3 are as follows:

The Medicine Bow sample aren has produced, as a 10-year average
crop, 0.912 pound of clean seed, or 72,092 good seeds per acre, the
term “ good ” being used throughout this discussion to denote seeds
germinable within the period allewed and under the soil, moisture,
and temperature conditions provided. These figures, while in every
sensc conservative as to actunl seed production, may give an unduly
oplimistic impression of the number of sceds likely to germinate
under field conditions, even with the complete elimination of de-
structive agents such as rodents, which undoubtedly destroy a large
proportion of the crop each year.

The Gunnison arca, on the same basis, has produced 3.2328 pounds
of clean seed per year, equivalent to 320,053 good sceds to the acre.
These Rgures compare well with the estimate made by Cox (6) in
1911, which showed a full crop for lodgepole pine to be about 4
pounds ot seed per acre.
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The value of old eones, as measured hy the number of germinable
seeds, is in the average year 2.48 times the value of the new cones for
the Medicine Bow area and 3.453 times for the Gunnison area; or,
in other words, in the one locality cones sre retained for an average
of two and one-half years, and in the other area for three and one-
half years after the normal time of maturing. This ratio, or the
tendency of trees to retain their cones without opening, is extremely
variable as between individual trees under similar growing cond:-
tions and has never been adequately explained, but it is believed the
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b
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YEARS
Iourn L—Lodgepele pine seed production by years, ol tree clusses, new concs only

above data are sufficiently well groundeéd to indicate a distinct dif-
ference in this respect between the trees of the two localities.

For both localities the new seeds show higher germinative capacity
than those from old cones, and the germination of Gunnison seed is
disbinetly better than that of the Medicine Bow seed. Individual
germination percentages have no precise value in biological com-
parisons, but it may safely be said that the present data do show
definite tendencies, and this will be substantiated later by a considera-
tion of the germination rates. The average germination period was
somewhat longer for the Gunnison seeds than for the Medicine Bow
seeds, namely 77 days as against 71 days, but if the 8 additional days
were given the Medicine Bow seeds their germination could hardly
be increased more than 1 per cent,
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PERIODICITY OF SEED PRODUCTION

The literature of forestry has frequently given expression to
rather ill-founded beliefs in the periodicity o% seed crops of the
various forest trees and the reasons therefor. “ Produces abundant
crops of seed every three or four years” is a good sample of the
expressions used, and where any explanation is offered for such
periodic production the impression is usually conveyed that the
production of a good crop so exhausts the vitality of the tree that it
must rest for two or three zeasons. From what is known of the
irregularity of fruit crops and their dependence in large measure on
weather conditions at the time of flowering, this prevailing idea
appears illogical, and it is doubtful if it would be supported by any
careful anulysis of comparable and reliable data on 518 seed crops
of different localities over a period of years, such as is offered inci-
dentally by the present study. The degree of variation in successive
crops of seed from the Gunnison and Medicine Bow areas, shown in
Figure 1, furnishes no evidence that one good crop, or even two in
succession, exhaust the ability of the trees to produce seed or lower
their vitality in the slightest degree.

It will be noted for the Gunnison area that fairly good crops,
better than the maximum Medicine Bow crop, were produced in
1912 and 1913. These were followed by three lean years, and the
Iatter in turn by four successive years- better than average. The
poorest year for the Gunnison was 1921, The Medicine Bow produc-
tion shows similar but less marked surges, including one year of
complete failure,

While it is true that the successive crops on either area were not

athered from the same sets of trees, the several sets were in each
%)ca]ity subjected to the same climatic conditions. Crop failures,
and likewise especially abundant seed crops, are usually widely
effective, and crops may generally be described as uniformly good or
bad over whole townships or larger areas. Although the two areas
of this study should not be expected to fall within the same set of
influences, it seems probable that the year-to-year variations shown
by the plots used in each area may be thought of at least as char-
acteristic of the areas involved.

May forest-tree seed crops then be said to be dependent on local
and perhaps temporary weather conditions and may they be fore-
cast? With so many possibilities of weather conditions affecting a
crop that requires two growing seasons to mature, a close correlation
is hardly to be expected without a more exhaustive study than the
available weather records will permit. It is believed, however, that
a very simple explanation of the failures of these lodgepole pine seed
crops 1s possible. This explanation was suggested by observation at
the Fremont station of the repeated destruction of Douglas fir seed .
crops after the female flowers had appeared in abundance. This
destruction appeared to be accomplished b freezing weather and
late snows, and although rarely complete indicated that the pistillate
flowers are sensitive to cold in the same sense as the flowers of our
common fruit trees or that cold weather occurring at the critical time
might prevent normal pollination.

A statement of minimum summer temperatures as presented in
Table 4 should permit a surmise as o their effect on the young pis-
tillate flowers on which cone crops are dependent. - The record of
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temperatures for Foxpark very closely approximates that at Medi-
cine Bow, less than a mile away; that for Crested Butte, some 30
miles distant from the Gunnison seed-producing area, is not so
closely an approximation, but as it is in the same Easin and at about
the same elevation the two points would probably be subject to
the same general influences. Thus the relative seasonal values are
sufficiently indicative. Tt should be understood that in these forest
types there is practically no vegetative activity Lefore June.

TapLE 4—Minimum eir tempereinres for coch month of growing scason, al
Foxpurk and Cregled Butie, Wyo., 19111824 ’

Date of minimn emtares e Date of minims 7 Hotmum tem-
. TFox- Fox-
{rested ox
Rnrk Bt ark Cnfﬁ?f
Yoor Month Day | (Medi- (Gunni- Year Month Day |( Iedl- (Gun.
cine ‘
Bowy | #0) Bow) | Aisan)
-] } a r a F o F
b T P i) b 3
June. . z& g ________ SUDO e o) 6 73 T ??
o | mlI 13 ENY
| M Atonee Yl 0 [ 1007 3 3
AUgSt..... R s B Y A
7 b I 25l . T 2
June. .- LY — 20 20 19 32
e, o |{Julyo_ .. 180 .;3 o8 { L T3
[ — 1008 e e 2 34
August____.. [ ‘% ?‘4 ________ { 3 9
pL T I 30 - | N PO -
June. .. 18 |omeree 25 2 12 |
1913..c . .o R s T Itiatttanes - 2 E:i
b I ] 2 15
Augt oo apég """ a5 2 s 3 n
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June. ... -3 55 | m |
3 ] I T Angust...... 23 28 17
1004 oo b (T D L T — 1
}g 3‘15 ........ Ave;agu minima:
. R, une. 19.6 2.4
August...... 25 7 Tuly_ .. 266 20
June 7 T — August b 28.9
W5, T 13 |eaooos 20 Normal mean:
-------- July. o i 0] 27 June . 40,3 9.7
August .. .. 7 ') 27 Ty e 52.4 5.9
006 . oene ‘; i X August - 51.0 52.2
P TS L T — -l 5%
Augusto..___ { g | _z_; ““““ ag

1 Mo record for this month.

The general air temperatures for the summer as shown in Table 4
are 2° higher in the Gunnison region. This fact alone would go
far toward explaining the much greater productivity of the trees.
However, the 3° difference between the mean temperatures for June
and the corresponding difference in mean minima are especizlly to
be noted as affecting the development of pistillate flowers in the
two regions

The most certain evidence of a correlative variation in crops in
individual years is obtained from consideration of the very unusual
conditions prevailing at Foxpark on the 30th of June and 1st of
July, 1918, when temperatures of 19° and 18° F., respectively, were
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recorded, the latter being much the latest minimum of similar severity
at this station and the lowest July temperatarve during the 10-year
period, This depression certainly explaing the failure of the 1919
Medicine Bow crop, especially when it is known that the month of
June, as & whole, had been several degrees warmer than normal.
Likewise, the poorest crop on the Gunnison, that for 1921, is very
certainly connected with the Iow minima for 1920, which were record
breakers not only in June but also in July and August.

In contrast to these extremes, the four phencinenally large crops
on the Gunnison appear to be connected with favorable temperatures
in preceding years, which calminated in 1918, when there was no
frost in either June or July. It is regrettable that there is no 1919
record to substantiate further this conclusion.

The other correlations are not so clear, and there is no desire to
overstress this point by offering far-fetched explanations. Too
iittle is known of the weight that should be given to diflerent fac-
tors, such as time and severity of freezing temperatures. Tt does
seem evident, however, that lodgepole pine sced crops, like fruit
crops, are subject to injury by severe freezing, and that for this
venson periodicity can be no more regular than the succession of
fuvorable weather conditions, which has no regularity whatever
except as limited by the laws of chance.t Forecasting secd crops for
the pines, it is believed, can be based only on the evidence of cones
that have successfully weathered their fiest growing season and
which are therefore almost certain to mature.

Although lodgepole pine in the middle and higher mouniain eleva-
tions has, no doubt, become inured to low temperatures during the
flowering period, still tliere is reason, from the evidence here pre-
sented, for believing that at high altitudes and Istitudes it may reach
the limit of effective seed production, just as seed production of the
aspen ceases toward but well within the upper edge of its vegetative
zone.’

No claim is made that these data completely explain the sizes of
the crops produced, for it is self-evident that there are many factors
which might affect productivity after the fHowers were past the frost-
sensilive stage,  Bul since with favorable climatic conditions lodye-
pole pine begins Lo produce cones at an early age. and trees of all
stzes and nearly all degrees of vigor show ability to produce some
seeds, it is probable that temperature has a more direct bearing on
productivity for a given forest area than any other factor ov group
of factors,

COMPARATIVE FECUNDITY OF LODGEPOLE PINE

While this bulletin does not attempt to treat the sced problems of
other species, it is important for a thorough consideration of the prac-
tical problems of lodgepole pine management to know how this
gpecies compares i sced-producing ecapacity with its neiehbors of
the mountain forest. For such a comparison, records for the other
species ure available from observationmeonducted in the same manner
ns those for lodgepole pine, and for almast the same period.

fTor exampls, the chances arc anly 4 In 100 that fonr suceessive srsong will hinve
temperatires nbove the normal )

& Thiy statement |s baged on Hmited abservitlion, aod may not vepresest & ovalid cow-
parksun beeanse seed preductlon In nspen s at best o weuk and uearly disused funetion,
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These observations, when tentatively assembled, show that the
numbers of good seeds produced by western yellow pine, Douglas
fir, and Engelmann spruce are of the same ovder of magnitude ns
{lie numbers for lodgepole pine, although only one area, occupied by
Engelmann spruce on the Uncompahgre Plateaun, in Colorado, has
shown as high an average production as the Gunnison lodgepols pine
area.  The more important difference geems to be that all ot the other
species are a little more liable than lodgepole pine to complete crop
Tailuves, which may in some years be traced to unfavorable weather
conditions.

This secmns to be especially true of Douglas fir, whose pistiliate
flowers appear so early that there is an unusnal risk of encountering
damaging temperatures. The single area studied for this srecies
shows live complete failures and two almost coinplete failurves in a
period of 10 years, with good crops in 1914, 1917, and 1920, and an
averagre yearly production of 49,000 good seeds.

Engelmann spruce on the Uncempahgre Plateau, in the eight
years from 191L to 1921, inclusive, produced large crops in 1914,
1917, 1918, and 1920, and had three complete failures, the average
production being 550,000 rood sceds per acre. On the White River
Nutionul Forest the production per acre has been enly one-ninth as
great, and four of the ecight years have yielded failures or near
failures,  The three best years correspond to those for the Uncompah-
gre area, a cirenmstance which suggests the influence of rather gen-
eral climatic conditions.

Western yellow pine on the Havney National Forest (Black Hills
repion of Soulh Dakota) has produced 50,000 good seeds per acre
as nn average for the 11 vears through 1922, but only 6,000 seeds per
nere were produced on the Cochetopa urea in Colorado. A Tlow-
lying nrea in the Colorndo National Forest frequently resorted to for
seed collecting has vielded an avernge of 61,000 seeds per acre in the
eizht years since 1913, but this average is obtained entirely from the
crops of 10L7 and 1920. In “ periodicity ? the relationship is close
between the yield in the Black Hiils and that in northern Colorado,
but the seed yield from the Cochetopa Forest, considerably farther
south, does not correspond to that in the other arcas at all. This
is perhaps due to the fact that the Cochetopa area is at a high eleva-
tion for western yellow pine.

AMOUNT AND QUALITY PRODUCED BY DIFFERENT CROWN CLASSES

The necessity for having large, full-crowned trees in order to
obtain good sced crops is apparently less with lodgepole pine than
with most other forest trees.  Although the lavgest and most vigor-
ous trees ave the best seed producers, as is almost inevitable, the belt
of productivity is wide, and good sced trees are to be found in the
rodominant and infermedinte classes. The whole situation is stated
in intelligible terms when it js said that lodgepole pine is a “ prolitic
weeel.”  The data on this subject, as presented in Table 8 and Figure
2, have nn evident bearing on marking policy under either a shelter-
wood or seleetion system ot cutting lodgepole pine.
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The following points in regard to Table 5 may be emphasized :

Before atiempting to discuss the tree averages it should be pointed
out that even these 10-year averages are not to be depended upon for
precise comparisons. A rough approximation from the original data
indicates that within any group the average variation of individual
trevs from the mean for all trees of that class is from 75 to 123

er cent of the mean production, The probable error in the average
igure where the largest number of trees is involved is sbout 11 per
cent, and where there are onrly a few trees this may be as much as
45 per cent. Part of this variation may be connected with variations
in the whole crop. These data, then, are only suflicient to indicate
the tendencies of the several tree classes.

In the production of new cones on the Medicine Bow ares there
is o distinct tendency toward the highest production in the tallest
irees, and in the largest-crowned trees of each height class, even
those of the suppressed group showing some capacity for seed pro-
duction. The apparent exception to this rule is in the superiority of
cluss 3-b trees over those of class 3—a.

No consistent relation appears between the actual productivity
of the groups and their retention of cones as shown by the size of
the old crops. Rather is there a tendency toward larger crops of re-
tained cones on trees of medium or small crown development.
This fuct appears to support the supposition that at the end of the
second scason lodgepole pine cones 1n a lurge measure are not ripe.
"That this should be more markedly true with small-crowned, under-
nourished trees seems strictly logical.

The same tendencies are even more clearly and regunlarly shown
in the Gunnison crops, except that here the oppressed, suppressed,
and intermediate small-crowned trees fail much more markedly to
enter into seed production. A closer connection between productivity
and retention of cones by the more important classes is apparent, and
this, coupled with the fact that the Gunnison stands are in every
sense more poorly developed than those on the Medicine Bow, be-
speak the soundness of the idea that retention is due to immaturity.

The Gunnison stands contained more trees to the acre than the
Medicine Bow stands; yet in the classification of the trees T4 per cent
of those on the Gunmson are shown as dominant or codominant,
whereas in the Medicine Bow tallies only 43 per cent of the trees are
placed in these groups. This accounts in some measure for the
greater production per acre of the Gunnison lodgepole pire. Being
much more nearly even-aged, it presents an even, crowded canopy
and equality of opportunity for a large number of trees. But
although the acre production on the Gunnison is 4.4 times as great
as on the Medicine Bow, a comparison of individual trees—class 1-a
for example—yields a ratio of only L7 to 1; or for class 2-a,
L9 to 1.

1t 1s not amiss to point out, from the data in Table 5 and Figure 2,
the strong contrast between the productivity of the cones from the
two areas. Reduced to a bushel basis:

Oue poundt of Medicine Bow new cones produces 492 good seods,
Onc pouml of Medicine Bow old cones produces 205 pood seeds.

One pound of Gunniselr new cones produces 800 god soeds.
One pound of Gunuisun old cones produces 617 good sveds.

Noses°—30——2
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Part of the difference indicated above may be due to the fact that
Medicine Bow cones are considerably larger, while probably having
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great part of the difference must, then, be due to failure of poliina-

tion of the cones.

The superior vigor of the Gunnison sced has zlready been pointed

out. Data on the germination of the seed of cach tiee class are given
in Table 6, while in Fignres 3 and 4 are shown the daily germination
rates of n few lots selected for high or low vigor,
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Table 6 indicates some tendency toward low germination in the
tree classes which produce the largest quantities of sced, and vice
versa.  There is no doubt that some of the differences between the
tree clusses represent real differences in quality, but in view of their
irregular distribution it scems futile to attempt an explanation.
Part of the irregularity in values may without sloubt be ascribed to
the inevitable differences in handling large and small lots of cones.
In Figure 8, in which rates of gernunation of a good and poor lot
of Medicine Bow sced are compared, no essential difference appears
in the character of the two germination curves. The good seed is
better at all stages.

On the other hand, for both sreas, the new seed not only has
apprecinbly higher final germination value but also is ahead of
that from old cones in the carly part of the germinating period and
has fewer stragglers coming on later.

Thig superiority of new sced both in vigor and final germination
will appenr inconsistent with the theory that the cones and seeds
aro not wholly mature at the end of their second year of growth. If
this theory were correct, the seeds should show better vigor a year
or two after their theoretical maturity. But it should be borne in
mind that the avernge retention period of the old cones is about
three yerrs and thac the lots as treated include cones from 1 to pos-
sibly 20 years old, of which the oldest are on the point of decay. As
brought out by Clements (5), the very old cones sometimes contain
only one zr two seeds which have not decayed, so it is reasonable to
suppose that those remaining are far past their prime of vigor.

In Figures 3 und ¢ the great contrast in germinative vigor be-
tween the Medicine Bow and: Gunnison seeds is readily apparent,
and this is important because of its possible bearing on the adapta-
Lility of sceds grown in one region for use in another locality where
different climatic conditions call for a different kind of response.
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SEED COLLECTING AND EXTRACTING
CONE COLLECTING

Seed collecting should be concentrated in the years when the best
crops are produced. Fortunately, as with 21l the pines, the evidence
necessury to predict the approximate size of the crop is available a
year in advance, and preparations may be made accordingly. How-
evar, none of the facts at present available argue for the concentra-
tion of sced-collecting and extracting operations in sny one locality.
The tendency of all plants to adapt themselves to the requirements
of a given locality is ample evidence of the desirability of collecting
seed us near as possible te the point where it will be used. When
the Forest Service first faced the problems of lodgepole pine seed
collecting, two arguments—the p:‘ogabilit of a very large demand
for seed and the apparent mechanical difficulties involved in extrac-
tion—led to the concentration of the work in two kilns of large
eapacity at Fraser and Foxparl. To-day it is clear that neither of
these arguments has weight. In spite of the fact that it is entirely
feasible to keep Iodgep(ﬁe pine seed in good condition for several
years, & niunber of facts argue against the plan of large collecting
and extracting operations.

Since a good seed year in one locality may coincide with failure
in others, small plants in the various localities will prove more
adaptable to seed supply. The number of settlers who can be
depended upon as cone pickers is usually quite limited in the moun-
tain localities, and the difficulty of securing cones increases with the
number demanded ; therefore a small quantity can probably be gath-
cred at a lower cost per bushel than a large quantity, The proved
simplicity of the extracting operation presents sn argument for
simple, inexpensive equipment and relatively small-scale operations
such as can be condneted locally by a permanent, nontechnical force.

As has been stated in describing the seed-prociuction experiments,
picking cones from standing lodgepole pine trees is not feasible.
The other methoeds are to pick cones from trees felled for timber and
to take cones from squirrel hoards. The feasibility of picking the
cones from felled trees depends entirely on cutting operations prop-
erly located and timed and the rate at which cutting proceeds, since
the period when the cones may be gathered advantageously usually
lasts only a few weeks.

The pine squirrel, common in nearly all lodgepole pine forests,
begins cutting the current season’s cones by Sepiember 1, or even
clightly earlier. One of the great advantages in collecting cones
which the squirrels have cut and hosrded arises from the infailible
judgment of the squirrels in selecting the cones with the most and
best seeds in them. It is worthy of note that sound, old cones are
always collected to some extent with the new cones. Some of these
cones arve buried, singly, beneath or near the parent tree, and are
lightly covered with dry-needle litter. This appears to be done
mainly at the beginning of the season, and may be a provision for
causing the cones to ripen. In hollow logs and other shelters, and
also in spots where large piles of cone fragments have aceumulated,
caches of considerable size are made. Possibly the average volume
placed in one spot is as much as a peck. Caches yielding a bushel
or more are frequently reported by collectors. '
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Although the number and sizes of such hoards are variable, good
collecting conditions will permit the experienced individual to col-
lect from 5 to 10 bushels per day, and since whole families may
earey on the work, mnder such conditions, the work yields rery
good wages, ‘The price paid by the Forest Service in the past has
probably averaged at least 75 cents a bushel, and no doubt to get the
same results to-day it would be necessary to pay a dollar. Since the
average yield is only about one-third ¢f a pound of seed per bushel
of cones, the cost of the seed is necessarily Eigh, even if the extract-
ing is done inexpensively.

CONE STORAGE

Squirrels often store the cones whers they will remain moist or
wet and yeb cool enough to tend to discourage molding and decay.
The purpose of the squirrels is plaialy to keep the cones from drying
und opening before the seeds nre needed as food. For the forester’s
purpose the cones should be stored where as many cones as possible
can be opened by sun and air drying, thus simplifying the work that
must be done by artificial heat. It 1s important, since a portion of
the cones open promptly. and fully, that the bin or crib used for
their temporary storage should ﬂave a smooth, tight floor, If
storage continues well into the winter, a considerable part of the
seed crop may be collected from the floor of the bin. On the whole,
a tight I}gin seems prefernble to an open one of the corncrib type,

provided only that it is well ventilated by screened openings above
the cone piles. The cones dry very little within the large pile,

under any circumstances, and in the open crib the loss due to mice
and other rodents may more than balance the gain through drying.
If the cones are no more than ordinarily moist in the caches, little
danger of molding or heating in the bins'need be 2pprehended.

SEED EXTRACTING

As a result of the carly experiments in the extraction of lodgepole
pine seed, the difficulty of opening the cones quickly and cheaply
scemed almost insurmountable. Following the suggestions of
Clements’s small-scale experiments (5), many different treatments
of cones were attempted, two of which seem worthy of mention,
namely, roasting over a flame and superficinl leaching with hot lye
water to remove the resinous coat. The former proved not wholly
impracticable in opening the cones promptly, but too dangerous to
be employed where less drastic mensures were possible. The lye
treatment was fonnd to have no accelerating effect in ordinary prac-
tice, any water treatment merely requiring additional drying to be
done, but gave promise of effectiveness with badly casehardened
cones,

The detailed description to follow is confined to those tests which
have given the most fundamental facts and at the same time have
potuted out the reasons for earlier failures. The two most important
tests in drying cones and extracting seed were made at the Fremont
field station, beginning in 1912 and 1914, respectively, In addition,
numerots poorly controlled cxperiments in conjunction with, and
as processes in, the development of the Fraser and Foxpuark seed
plants will be referred to incidentaliy,
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THE EXPERIMENTAL KILNS

Although the kilns used for the artificial drying of cones at the
Fremount station were exceedingly simple in plan, the principle in-
volved is of such importance with respect to both present results
and future operations along this line that a close study of the detuils
is desirable,

The carliest cxperience with lodgepole pine cones dried on
shelves placed nround the walls of a tight room with 2 stove in the
center indicated thai more was required to open the cones than
merely & warm atmosphere.

In the large, mechanically operated extracting plant built at Fox-
pork, Wyo., in 1911, it had been found that to make high tempera-
tures effective for Inrge masses of cones, even when these were being
constantly churned and exposed in a revelving drum, rapid air
circulition was iecessary, However, in treating a large mass of
cones with forced cirenlation of the air, the difficulty lies'in the fact
thnt tlie first cones to be reached by the hot-aiv blast extract so mnch
heat from it that cones farther away receive only a tempered and
moistened air current. In short, the drying process requires not
metely tempernture, but a supply of dry air brought rapidly to the
sturface of each cone where evaporation is taking place.

The experitiental kiln first constructed was built almost entirely
of matched flooring. A hollow coluinn about 18 inches square and
4 feet high, with a smaller column topping it, was desi;_r_ne(tll to serve
as n {lue to conduct the hot air upward, without artificial aid in
cirenlation.

The nir, which had been heated in a horizontal iron duct placed
over a gasoline stove, was Introdnced through the side wall at the
hottom of the column, In rising throngh the space within the walls
the hot air encountered only the resistance of thin layers of cones
pinced on four trays of the saume dimensions as the interior of the
kiln. These consisted of frames 2 inches high, with bottoms of
one-fourth-inch hardware cloth, placed one above the other.

About one-third of a bushel of cones could be placed on these four
trays without having more than one full lnyer on each, so that the
circulating air would inevitably come in contact with the surface of
each cone. The amount of air which could pass through the first
tray of eones would puss through the second, third, and fourth lay-
ers with little additional friction, whereas it the entire mass of cones
were placed on one tray the openings between cones of the first
Liyer would be almost completely closed by other econes which would
wedge themselves in.  Likewise, the small flue above the cones of-
fered no undue friction, having a capacity fully as great as the
ageregate ot openings between the cones.

In this flue a small anemometer was placed, to indicate the rate
and volume of air movement. To aid in controlling the tempera-
tures in the kiln, two thermometers were inserted through its walls
below the cones, giving the temperauture of the incoming air. Two
additional thermometers were similarly inserted in the space above
the trays, to indicate the temperature of the air after pussing
through the tour layers of cones. With the data thus obtained and
the known specific heat of air, it was possilile to compute the quan-
tity of heat consumed in the process of drying the cones,

1
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The first really quick and effective drying was attained with this
kiln, and was evidently obtained solely by the circulation through
the cones of an enormous volume of air in comparison with the vol-
ume of the cones themselves. During an effective drying process
some 10,000 to 15,000 cubic feet of air passed through the kiln to
dry one-third of a bushel of cones.

In this first kiln radiation was found to comprise such a large
part of the total heat loss and its value depended so much on outside
temperatures and other variables that it seemed questionable whether
the calorimetric computations for drying in this kiln could have
much value.

Accordingly, and with enlarged capacity as a distinet need, a
second kiln was constructed in 1914 of walvanized iron throughout,
entirely covered with one layer of 1-inch sheet asbestos. (PL 2, A.)
This kiln was 2 feet square, about 100 inches in total height, and
accommodated six trays resting loosely on cleats, on which a bushel
of cones could readily be placed. Four therinometers were placed
below the cones and four above, while three were hung in the room
as a basis for computing the radiation factor. A perforated metal
diaphragm below the trays assisted in an even distribution of the
entering hot air, and a similar diaphragm above the trays prevented
the formation of especially strong eurrents in any sector. Although
much more air and heat were used, the radintion loss was litfle
greater than in the first kiln, and hence 8 smaller factor in the total
heat loss.

In the first kiln the trays were usually removed and shaken at the
end of each hour to extract the seeds as rapidly as they leosened.
This allewed considerable cooling. In the later metal kiln the trays
were shaken without being removed, the seeds falling to the bottom,
which was built in the form of a funnel below the level of the enter-
ing air current. The sceds might be removed from the bottom of the
funnel at any time; but as the space remained fairly cool, this was
seldom done until the extraction was completed.,

The essentials of the experimental kiln, which experience indicates
as the essentials of any extracting kiln, are therefore as follows (see
also appendix):

A steady supply of hot air.

Nutural cireulation of the hot air, which will rise readily throngh
successive layers of cones if the kiln has the characteristics of 4 flue.

The cones in a single Iayer on each tray. The several trays should
be frequently changed in position, since the lowest one always receives
the most heat. In a continuous operation the loaded trays should
be ronstantly moved downward, receiving the most severe treatment
only after most of the moisture iz extracted.

Yrequent shaking of the trays, the loose seeds falling to an un-
heated floor or receptacle,

Adequate insulation. so that the heat is available for evaporation
and 1s not wasted in radiation. This is hardly more important where
calorimetric measurements are being made than where large opera-
tions demand strict economy.
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THE 1812 OR ARAPAHO TESTS

The Fraser River Basin from which the Arapahe cones came is
almost wholly granitic in its soil and rock. Hence, it is safe to sa
that the cones have to some extent the qualities of the siliceous-soil
form of lodgepole pine. However, the granitic soil is by no means
& poor soil. It has great depth, excellent moisture-holding prop-
erties, and undoubtef fertility. Its chemical reaction is strongly
acid (pH 4.5 to 52). The region is well watered, and the conditions
favoring growth are not excelled anywhere in the lodgepole pine
zone of Colorade and Wyoming. The stands are usually dense and
well developed.

The 1912 tests involved air drying as well as kiln drying of the
cones, Iifteen bushels of cones, probably very largely from squirrel
honrds, gathered in the fall of 1912 for the Fraser seed plant, were

‘pped in December of that year to the experiment station. The
lo included abont 10 per cent of old cones, the usual proportion
feund in collections from squirrel hoards. As the cones had been
siored in bins at Fraser from 6 to 12 weeks and were shipped in
vrdinary sacks, considerable slow drying preceded their first weigh-
ing. owever, this had not proceedec? to a point to permit any
seed loss.

At Tremont the cones were first thoroughly mixed and then di-
vided into 15 equal lots of 35 pounds, or approximately a bushel,
each. The 15 lots In ordinary burlap sacks were placed in a large,
loosely constructed and loosely covered but mouse-proof box, which
was set on posts in such a manner as to permit free air circulation
on all sides. Until October, 1913, no provision was made to exclude
rain and snow completely, and thus, after & few months of consistent -
moisture loss, the cones during the rainy period gained in weight.

The weight of each sack was obtained at monthly intervals, and
each month 2 sack weighing very close to the average weight for all
was taken for the kiln extracting test. The bushel of cones treated
in each of the 15 tests from December 19, 1912, to April 18, 1914, .
known as tests 1 to 15, was divided into three lots of equal volume.
One of these lots (A} was treated at approximately 110° F., a second
(B) at 140°, and the third (C) at 170°. The seed was thoroughly
sttaken from all open cones before the division was made and was
cleaned and germinated as lot D for the current test.

Although these 15 extractihg operations, made at various stages
in the air drying of the cones, are not of the greatest value, they
point the way to certain rather definite conclusions, and for this
reason the data will be presented in part as corroborative evidence.

THE 131§ TESTS

With the expectation of eliminating all factors which had ma-
terially detracted from the results of the earlier tests, = new set of
cxperiments was begun with the crop of 1914. Cones were obtained
from two widely separated localities representing different soil, cli-
matic, and growth types. These localities, Gunnison and Medicine
Bow, ave the same as those represented in the seed-production study,
save that for the Gunnison locality a limestone soil type was chosen
in order to test certain theories regarding the relative quality of
lodgepole pine grown on a neutral or alkaline soil.
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The Medicine Bow cones were from u siliceous soil of gneiss orvigin,
composed of particles of ull sizes from large pobbles to the finest
cluy, and chemically slightly acid (pH 5.8 to 6.3). "The cones were
obtained from squirrel caches in u stand about 200 years old, were
uniformly of good size and normal development, and were almost
ontirvely of the 1914 crop. ’

The Gunnison cones were from a limestone site. Limestone sites
on the Gunnison, in general, bear much lighter stands of lodgepole
pine than the granitic sites. As a consequence, the trees are larger
crowned and would ordinarily be considered good seed beavers. On
account of the physiological dryness of a limestone soil, however, it
appears probabie that sced production is limited in these trees just
s it is limited by the competition for moisture in denser stands,
The limestono conditions, perhaps because conducive to oceasional
excessive droughts, are more likcly to produce a quantity of sub-
normal or underdeveloped cones.

The 20 bushels of cones from ench of the two localities just
described were eollected and shipped in oiled sacks designed to pro-
tect them from drying and were weighed at the Fremont laboratory
with n minimum of delny. The Medicine Bow cones were unques-
tionably almost as fresh as when picked. The Gunnison concs,
nlthough received only nine days later, had been collected during a
much longer period and had dried considerably, The difference in
weights, amounting to 5 pounds per bushel, is partly due to the
delay in shipping, but may also be partly a result of growth on a
limestone soil and of other factors pecullar to growing conditions
on the Gunnison,

Lach of these cone collections was divided into five equal parts for
tests at 3-month intervels. The 4-bushel lots to be extracted im-
mediately were divided each into four parts and kept in the oiled
sacks until the extractions were made. The other 4-bushel lots were
placed in trays for storage. Fach tray measured 2 by 5 feet and
was B inches deep, the sides being of boards, the bottom of hardware
cloth and muslin, and the top open. Four bushels of cones filled one
such tray to a depth of about 6 inches. The trays were placed in
tiers in u small shed, with a space of 4 inches between. The south
side of the shed was closed by a sereen, so that there was at all times
opportunity for moderate air circulation. (Pl 2, B.) A canvas
hanging several inches outside the screen cut off direct insolation and
excluded rain and snow. The conditions of storage were largely
such as might be duplicated in o drying shed of any capacity.

Of the Medicine Bow cones there were, unforfunately, not quite
16 bushels available for storage. The lots extracted at quarterly
intervals, therefore, were only 0.9062 bushel each, and to muke all
tests comparable it was necessary to correct the actual datu of extrac-
tion in this proportion,

The Medicine Bow cones were weighed » second time when the
Gunnison cones were placed in storage. The third complete weigh-
ing and second extraction occurred 55 duys after storage; the fourth,
161 days (Murch); the fifth, 252 days (June); and the last, 493
clays, or one year after the second extraction.
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THE LGSS OF WATER BY CONES

Since the opening of cones and yielding up of the sced is now
thought of as a process dependent upon drying, it is well to consider
first just what happens in drying and what quantities are involved.

LOSS TN AIR DRYING

The monthly weighings of the 1912 crop of Arapuho cones should
give n very good iden of the rute of drying at different stages and
different times of the year were it not for the fact, as already stated,
that these cones were not wholly protected from wetting by storms.
Fence it is found that for the period trom March to October, 1913,
there was no general loss of weight, and the drying which occurred
after the Iatter date is simply o delayed -process which should have
oceurred during the -spring and summer months, In addition it
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should be recalled that the cones had dried considerably before the
first weighing.

The weighings of the two crops of 1914, while not so numerous,
give clear and concrete results. The Gunnison cones were alrendy
puartly dried and the Medicine Bow cones had lost a large amount
of water before the Gunnison cones were placed in storsge. It
thevefore seems best to consider both collections ws having started
drying at the same fime.

The amount und rate of air drying of the three cone crops are
shown in Figure 5. In computing moisture losses it is necessary
to assume that different lots of the same cone crop started with equal
amounts of moisture and to compute from that 1 basic weight for

.
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each lot of cones. As none of these have been desiceated to absolute
dryness, & weight slightly below that reached by drying at 170° F.
is taken, nmnely, about 24 pounds tor Medicine Bow cones aud 23
pounds for Gunnison cones. Since these weights do not include the
seed extracted, equal allowance is made for the weight of this seed
~at all stages.

It is seen that Medicine Bow cones, starting from a very green
state, lost about 63 per cent of moisture in a period of 14 months.
One-third of this amount, or 21 per cent, was lost in the first § days
and 30 per cent, or almost one-half in the first month, despite the
fret that this initiel drying occurred in rather cool fall weather.
Drying continues at a gradually decreasing but still important rate
to the end of the 14-mouth period,

With the Gunnison cones from a limestone soil the initial drying
was ilso rapid but not so leng continued. From March to June the
drying was very slow, but during the summer months increased
slightly. T'he shape of the curve indicates that in a perfectly fresh
stale these cones may have held almost as much moisture as the
Medicine Bow Iot. 'The fact thut drying ceases soomer, however,
indientes that the limestone cones have a stronger attraction for
water, which is held within the cells and imbibed in the ligneous
muaterinl,

Of the drying of the Arnpaho cones little need be said except that
under similar conditions they would obviously have dried as rapidly,
and to as low a final point, as the cones from Medicine Bow.

No record was made of the amount of opening of cones at cach-
weighing, The different behavior of the Medicine Bow cones from
siliceous soil and the Gunnison cones from limestone soil was, how-
ever, noted from the outset, and is clearly shown by Plate 2, C. At
252 days, when the photograph was taken, the siliceous cones had
lost 36 per cent out of a totul moisture content of 72 per cent, had
expanded 44 per cent of their original volume, and had released 27
per cent of their seed. The limestone cones had experienced a total
water loss of about 36 per cent of an assumed content of about 51
per cent when green, had expanded 6 per cent, and released 13 per
cent of their seed.

The siliceous cones began opening on the tops of the trays within
24 hours of the time when air drying began. The limestone cones
did not open to any appreciable extent for several weeks, and then
not colmpletely. In both lots there was wide variation between indi-
viduals, '

In contrast to the rate of air drying in this experiment, it will
be well to note the results obtained in two large-scald tests conducted
almost simultanecusly with the 1912 tests at the Fremont field
station.

At the Idlewild sced-extracting plant on the Arapaho National
Forest 75 bushels of cones collected between September 15 and No-
vember 15, 1012, were placed in a speeial bin beneath the main ex-
tracting plant on February 14, 1913, their weight at that time being
32.78 pounds per bushel. ~At the end of one year about 5 per cent
of the cones. ocetipying the top layer or contignous to the walls, had
opened fully. and others less completely. The volume of the entire
cone mass had decrensed slightly. The cones weighed 27.62 pounds
per bushel. They required 6 to 6.5 hours to open as completely as
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green cones do in 8 hours and yielded about 10 per cent less seed. It
1s evident that these cones had lost considerable moisture before being
stored. Their weight may be roughly estimated to have been the
same as that of the cones of the same crop stored at the Fremont
station in December, 1912, namely, 35 pounds per bushel. They had,
then, in 14 months, lost about 7.4 pounds, or 21 per cent of their
green weight, or 31 per cent of their probable dry weight, The same
result was obtained two or three months sooner at lfremont.

At the Toxpurk seed-extracting plant, Medicine Bow National
Forest, 60 busEcls of-cones placed in a drying bin of the corncrib
type increased in volume about 5 per cent during a year, and about 45
per cent of them opened partially or completely. Their moisture loss
was slightly In excess of 30 per cent of their bone-dry weight, but it
is probable that 5 small item in this loss was the removal of cones
by squirrels.

These results are cited matnly to show that air drying on a large
scale can be effective, though necessarily slower than in the ideal
drying trays used at Fremont. Such being the case, it would seem
that large-scale extracting operations might well be postpened until
the warmest weather of the summer, though this has never been tried.

LO5S IN KILN DRYING

If these snme cone lots arc considered in their action under artificial
drying treatments, it may be expected that the characteristics shown
during air drying will be still more clearly demonstrated.

In Table 7 the important data of the kiln-drying process are
given. Figure 6, which shows the amount of drying and the fime
required to accomplish complete opening of the cones, s, of course,
purely diagrammatic inasmuch as the drying rate must be shown by
straight lines, rather than curves. Since intermediate weight deter-
minations can not be made without seriously disturbing the operation
of the experimental kiln and the calorimetric observations, these
have not been made in any of the more important tests.

From Table 7 and Figure 6 the following facts are evident:

Starting with the same moisture content, cones treated at a high
temperature yield slightly more moisture at a much higher hourly
rate than cones treated at a low temperature. They also open more
completely.

The rate of kiln drying decreases consistently with older cones;
or, in other words, the lower the inttial meisture content the slower
the loss at a given temperature, in spite of the fact that with less
moisture to evaporate each cone has 2 greater supply of heat.

The final degree of dryness is lower in eones with lower initial
moisture. Thus the moisture content of fully opened fresh Medicine
Bow cones, about 12 per cent as the average for all temperatures, is
gareater than the moisture content after 14 months of air drying and
before any artificial treatment is given, This is also indicated in a
general way by the Guhnison cones, although the final moisture con-
tent in these cones did not decrease appreciably beyond that oceur-
ring after 55 days of storage.

The rate of drying of the Gunnison (limestone) cones is much less
rapid than that of Medicine Bow (siliceous) cones, even when cones
of the sane initial moisture content are compared.
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Tanra 7—Degree and rale of drying of lodgepole pine concs wnder different
degrees of artificial heat after various periods of air drying, in terms of per-
centuges of the dry weighls of Hie cones
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The absolute moisture of dry limestone cones is greater than that
of the siliccous. The exact amount of this final moisture is not
determinable because the dry weight has not been absolutely deter-
mined. It should be noted. however, that the above statement holds
when the limestone cones have been assigned & dry weight of 25
pounds per bushel as against 24 pounds for the siliceous.

The siliceous cones, on the average, yicld their water four times
as fast at 200° F. as at 110°, while the limestone cones show a ratio
of more than 6 to 1, :

Under the 110° T, treatment siliceous cones and limestone cones
both respond at a uniformly decreasing rate for the different periods
of air drying; but siliceous cones always show quick drying at 200°,
while for limestone cones even this temperatuve becomes much less
effective with low moisture content.
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MEDICINE BOW CONES
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These fucls seem to justify the following deductions:

The opening of vones is not wholly » matter of the absolute dry-
ness attained, but involves o certain change in moisture content and,
ag indicated by the results of air drying, to be effective this chunge
must be brought about in a brief period. )

Under similar eivecumstanees limestone cones retain their moisture
more {enuciously than those from a siliceous soil, and high tempera-
tnures are proportionately more effective with them. TIrom this it
may naturally be expected that the limestone cones will use more
heat for a given awmount of drying,

THE RELATIVE 'JMPORTANCEC (()ﬁ)hI["EéI'EMPERATURES IN OPENING

A popular misconception as to the importance of temperatures
per st in epening cones is well illustrated by the early attempts to
open lodgepole pine cones in hot reoms lacking ventilation, Even
ihongh present tests have not been so conducted as to differentiate
clearly between the effects of temperature and of dry air, some very
obvious Tacts o a long way toward showing that heat alone is
insuflicient,

Tt should be understood that when the temperature of the air in
the kiln ig raised the relative dryness of the air, and therefore its
drying power, is greatly increased. Thus, if air with a relative
humidity of 50 per cent at 50° F. is warmed to 110° its relative
humidity becomes only 7 per cent, and 1f wnrmed to 200°, only 0.8
per cent.  Adr at 200° has nearly ten times the capacity for moisture
of air at TL0°. This ratio is suggestive of the much more rapid dry-
Ing which oveurs at 200°,

Some tests have been made which seem to show considerable
acecleration of the drying process when the air circulation is in-
ereased without raising the temperature, but not ail the conditions
of these tests ave compurubie.

A bushel of cones spread in the sun could absorb heat rapidly
enough to open in four hours, if their rate of heat used were the
sime as that in g kila process; yet it is w known fuet that they would
not open in any sueh time in the sun, because the air around them
at ordinary {fvmperature has velatively small capacity for carrying
ofl the metsture.

Finally, the action of heat alone does not tend to cause the open-
ing of cones. Too much heat causes u certain degree of flexibility of
the cone scales and retards rather than aids the opening process,

The important consideration, therefore, is to bring dry air into
contact with the cones, the heating process being onlﬁ-onc of the
means by which the aiv can be made dry, and being wholly ineifec-
tive if, while warming, the air is allowed to accumulate lurge quan-
tities of vapor.
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Tanvr 8—Tolal and germinablc seeds oblained by kiln drying Arapaho lodge-
pole pire conecs gflter various periody of air drying*

Seet! relensed by air Seod extractad at Seod extracted at
drylng i16° F. 140° F.

Test No. ¥

Ex- Gorsninnbla E1- Germlzable Ex- CGerminabla
trueted sead 7 tracted soetl tragted sead

Nunibert\Number! Per ceni| Number Nuinber| Per cent|Number NumbzriPer cent

g o glis12d) 821 81 117,612 | 1L 8%
1, 560 T.0M F31 17, 808 7,008
H ALK 7,702 ik 318,452 1 B, 6854
5, 108 X 7. 553 oI 2T0 ] K215
2,758 7,325 6,14} 5,325

AVOTUED, _aememiai i o 5 T 7. 7 S 1055 1 161

D e e 2, 5,085 hoig| 8180
5, H1 13, 585 8, 204
380 ii, 485 5, 145
1110 0,143 | 430
i3, 712 35, o7 4. 661 11, &9 5, 998

1,3 4927 122041 5473

008 4, (47 4, 130
i3, 746 2 §, 100
1), R84 3,218
| 15,681 5 5
0, 387 3, 562

Aversga 18, 400 4262

Averngoe all {ests 10, 762 ’ 10,821 | &5 040

Sead axtrocted at Totnl yield per busiel
. of cones

Test No. ?

Weight

of clean
seed

Qerminable
sead

Qermingble
seed

Per cent] Gma. |[NumberiPer eant
61 | 197. 82 | 30, 703 &3
45 | 207, 28 47
50120110 53
55 { 108 23 53
191,97

196, 28

188, 1o b 21, 788
100, 32 ; 21, 888
1. 87 | 23,893
185. 49 | 25 740
185. 23
8,533 | 5508 188+
8175 4, 856 185, 84 | 21,918
Average 9,380 | 5002 I84.95 | 22,876

Aversge ull Lagts, 12,935 | 6,873 199, 52 | 3§, 40

t Kiln—lried tosts rapresent one-third bushel for esch lemperaturs, Sped teleased by alr drying come from
{ho whole bushel,
# 'Tosts ot approsimutely innnthiy intervuls after December, 1812,

1 Computed from menn 8nal germination,
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EFFECT OF YARIOUS TREAT%ENS'II;:SE SN QUANTITY AND QUALITY

The practical and technical value of preliminary drying and of
extractions made at successive periods and at various temperatures
may now be considered in the light of the seed yields obtained.

ARAPAHO CONES OF THE CROFP OF 1912

The extractions of 1-bushel lots were accomplished at approxi-
mately monthly intervals from December, 1912, to April, 1814, each
Lushel lot being divided inte three egual }lmrts, as already described.
Table 8 shows these yields, and Figure 7 the germination of the vari-
ous seed lots.

Examination of the data in Table 8 reveals a slightly greater
number of seeds obtained from the first treatment than from any
subsequent treatment, and a considerably greater number of good
seeds. The deficits in the latter half of the series would at first
thought seem to indicate that considerable numbers of seeds were lost.
It 15 practically certain that there was no destruction of seeds in the
storage bin; in the frequent handling of the sacks a few seeds mar
have worked out through the burlap. The probability is that, both
in this series and in the 1914 series, the apparent loss of seeds after
long periods of storage means little more than that the opening of
the cones can not be carried far enough to obtain a full yield. If
there has been any avoidable loss, it may be safely disregarded, for it
muay be faken as a certainty that the loss has been less than would
oceur in any large-scale storage operation.

After cach of the 15 extractions in this series, a sample of each of
the three or four lots was sown as soon as possible to determine the
viability of the seed. Along with each such current test, after the
first one, sumples of the three lots of test I were also sown, in order
that there might be a check or control upon any variations in the
apparent germinability of the seed currently extracted due to the
time or space factor. These so-called check tests, of which 11
were made after the initial test of test 1, and 2 more in. August, 1914,
are, of course, subject to the sampling and space error, as will be
peinted out in discussing them in connection with the general errors
of all seed tests. The spuce errors of the checks should, however,
e the sume as those of the current lots, as the two groups were always
sown very close together,

In Figure 7 are shown the repeated germinations of the three lots
of test 1, the germination of the lots extracted in each succeeding
monthly test, and finally the germination of the 15 tests when sown
simultanecusly in August, 1914. In each instance the artthmetic
mean of the three or four lots of a test is used in plotting, since the
object of the chart is solely to bring out time variations, gfhe results
<ynchronous with tests 7 and 9 are very poor; for test 10, germina-
tion of the check lots was extraordinarily high. As the current ex-
tractions of tests 7 and 9 also germinated very poorly, the natural
inclination is to state that here the check tests have shown their
worth—that tests 7 and 9 germinated 8 to 9 per cent below the aver-
age of all tests because of some variation in the germinating condi-
tions, IMowever, when it is noted that in the August, 1914, retests

110505 —30——3
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of all lots, tests T aud 9 duplicated their previous performance, the
conclusion must be that svimething was inherently wrong with the
seed dtself and that the parallelism between the original tests and
the check tests was in the nature of a coincidence.

Other observations have shown the possible importance of niold on
the cones, the spores of which would readily be transmitted to the
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seeds, and from one lot of seeds to another, uniess complete steriliza-
tion occurred in the kiln.  That this was the factor influencing tests
7 and 9 and other synchronous germination tests it can not be
definitely proved but is deduced from the fact that at the time of
these tests, during the warmest months of the year, the cones in

storage had absorbed rain water.
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It must be admitted that implicit faith can not be placed in any
single gevmination test, nor in the results of the various extractions
so far as they depend upen these tests. However, with the excep-
tion of tests 5 and 14, the immediate germination and that in
August, 1914, when two samples of each lot were taken, are suffi-
ciently similar so that general tendencies at various periods can
hardly be dented.

The germination data given in Figure 7 should be compared with
‘Table 8, with the fact in mind that the indicated quality of the seed
nny be influenced by the completeness of the extraction. In test 8,
for example, the relatively Digh quulity of the sced is tully offset
by the small number extracted, these facts snggesting that only the
Lost of the sead was oblained. Although no conclusive test has
ever been conducted to prove the point, results at the Foxpark seed-
extracting plant, where the seed was taken off in six successive
periods, indicate that the best seed is obtuined fairly early in the
process, possibly being from the cones which because of better devel-
opment open more veadily.  The last 15 per cent of the entire seed
vield showed o germinative value 15 to 20 per cent below that of the
best weed. It is, of course, impossible in such a test to eliminate
possible effects on the last seed of longer exposure to heat.

It is plainly evident that the first extraction from this collection
of cones vielded the best seed and also the greatest amount. The
average figures for the 12 periodic germinations of this seed of test 1
indicate a slight superiority of the sced extracted at 110° F., but
this is searcely better than that taken at 170°, and, considering the
probable ervor of the average in any case, it is hardly reasonable to
state that any lot was appreciably affected by the extracting
conditions.

The low average percentage of germination noted in tests 6-10
is to be accounted for by the wetting of the cones in the storage bin
during the summer of 1913, a condition which probably reached its
eulnination about October, as shown by the high moisture content
of the seeds relensed by air drying. In fact, it is evident that the
loose seeds suffered mere from this condition than those still in
the cones.

In the first group of five tests the 140° F. treatment is slightly
superior in germination pereentage to the olher artificial extrae-
tions. In the second group seed extracted at 110° leads by a slight
margin, while in the third period seed extracted at the highest tem-
perature is better than that extracted at 110° by less than 1 per cent.
It may be concladed that a temperature as high ns 170° certainly
does not harm the seed in either tresh or partly drvied cones.

As the wide variations between lots similarly treated seriously
detract from the refiability of the averages and lerve no significant
differences in the average germination after various treatments, it
is not safe to stufe from these results that high temperatures used
in extracting the seed are positively benefictal. It is, however,
desired to point out possibilities along this line which are substan-
tiated by the later and more complete data.

If now a return is made to Table 8 it will be seen that the prac-
tical results of these tests are reasonably clear. The yield of seed
obtained prior to the artificial drying of the cones inereases more or
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less regularly with continued air drying, 5.4 per cent of the total
germinable seeds being obtained without the use of artificial heat in
tests 1-5, 22.1 per cent in tests 6-10, and 87.9 per cent in tests 11-15.
There is, however, a slight decrease in the total weight of seed ob-
lained from the bushel units. Both on sccount of poor yields and
poor germination the tests in the middle period show the lowest
number of good seeds obtained. In the thir(Fperiod, despite slightly
Jower yields, o better showing is made as a result of higher germina-
tion value.

As between the various temperature treatments there is no marked
difference except that 110° F. is seen to be about one-sixth less
effective than the other temperatures at all stages.

MEDICINE BOW AND GUNNISON CONES OF THE CROP OF 1914

About 20 bushels of 1914 cones from the Medicine Bow and a like
quantity from the Gunnison area were each divided into five tests,
numbered 21-25 and 31-35, and these in turn, at the time of extrac-
tion, each into four lots, A. B, C, and D, to be treated at 110°, 140°,
170°, and 200° F., respectively. Tests 22 and 32 were air-dried 55
days, tests 23 and 33 for 161 days, tests 24 and 34 for 252 days, and
tests 25 and 35 for 425 days. Tests 21 and 31 were made with the
fresh cones.  Seed lot E of each test was made up of the sced obtained
from the 4-bushel sample after air drying only.

Germination tests on the various lots of seed were made in greater
nunbers than previously, in the hope of eliminating the variations
inevituble in single tests, and also were made at ditferent periods, to
show more definitely the relations between the immediate or fresh
quality of each lot of sced and its keeping quality or vigor after a
certain period in storage. It is almost invariably true that seed is
not used immediately after extraction. The sceds not sown immedi-
ately were stored in bottles, sealed as tightly as pessible, and kept in
a room whose yearly range of temperatures is from about 30° to 50°
F. The periods of storage were 21 months, 24 months, 7 years, and
11 years. In some instances the wax seal applied to screwcap bottles
wns not adequate to prevent the absorption of moisture by the seeds,
while in others the seeds appeared to have kept perfectly dry.
Hence, at the end of the long storage periods only scattered tests
could be made, ali lots which were either sticky or moldy being
climinated. In general, the few results obtained after 7 years of
storage were sbout 10 per cent higher than those obtained after a
storage period of 11 years.

Duplicate and triplicate tests made at any one time show very little
variation and indicate that more than usnal reliance can be placed on
these tests as a whole.

The test at 24 months, virtually an extension of the 21-month
germination of duplicate tests, the two involving 2,500 seeds of each
lot extracted, is given separately in Table 9 in order to demonstrate
the progressive tendency of either seed deterioration or seed improve-
ment. with aging. There is, however, a factor which enters into the
comparison of germination results at 21 and 24 months which should
be explained. The five samples of each lot needed for both tests were
counted out simultaneously just prior to the test at 21 months, and
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the three samples which were not used until the 24-month test were
stored, not in their respective jars, but in envelopes, under ordinary
room conditions, Thus it may be assumed that the Medicine Bow
seeds, which in the extracting process were not subjected to such
severe drying, might in moderately warm air give off some moisture,
while the Gunnison seeds, because of more severe treatment previously
and a greater affinity for water, might be in 2 condition to absorb
moisture from the atmosphere. This may not be the correct ex-
planation, but it is evident that only some such opposed actions in
the two groups can aceount for the improved vigor of the Medicine
Bow sceds between the 21-month and 24-month tests, despite the
stight chnnge in vigor of the Gunnison seeds.

Tanig O.—Germination from the 191 extractions of Medicine Bow and Gunni-
son cones ub different periods und at four different temperatures
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In addition $o the tests of normally extracted seed at 21 months,
single samples were sown ab the same time comprising seed of all the
lots (except tests 21 and 81, the dried samples of which were inad-
vertently discarded) which had been used o determine the moisture
content of the seeds immediately after the extracting processes.
These samples had been dried for four hours in the hot-air current
of the kiln, at about 170° ., without any protection whatever, to
determine how severe o treatment could be tolerated without serious
injury to the seed.

Only one cther fact need be mentioned in considering the compara-
bility of the various germination results. The tests made on each
lot immediately after extraction were obviously subjected to different
time factors in the germinating process. It is believed, however,
that tests 24 and 34, germinated in July, 1915, were the only ones
materially affected by variable greenhouse conditions. The early
germination of these groups was undoubtedly retarded by heavier
watering of the testing tills than is castomary, but this probably had
very little effect on the final germination.

he immedinte germination of the eight lots of tests 21 and 31 was
carried on for only 52 days. (Germination of the Gunnison seed
was practically complete in this period. Estimates made from the
current rates at the end of the period indicate that the Medicine Bow
seed had not conpleted germination by about 7 per cent in lot 21 A,
G per cent in 21 B, and 1 per cent each in lots C and D. The actual
germination results are shown in Table 9, but in computing a bal-
anced average for each lot the above allowances arve made with the
Medicine Bow seed.

In Table 9 the germination from the firsf extraction of both lots
of cones is given In detail, because with the green cones the effects
of different temperatnres were quite marked.  For later extractions
the differences were neither marked nor consistent, and it therefore
seemns Dest to rely on the uvernges for different periods and different
extracting temperatures. .

QUALTTY OF RRED AFTER VARTOUE TERIONDS OF STORAGCE

An examination of Table 9 brings out the following points:

Even with an average allowance of about 4 per cent, as noted just
above, the seed extracted from the fresh Medicine Bow cones is
decidedly inferior to all extracted Iater. The inferiority of fresh
Gunnison seed is much less marked, the first extraction being in fact.
a little better than the last. Here, however, the higher temperatures:
seem to have had a very deleterious effect. This difference is due,
no doubt, to the greater dryness of the Gunnison cones at the time
of the first extraction; the fact that the first extraction of the still
drier Arapaho cones treated in 1912-1914 gave the best and the most,
seed seems to indicate that only an extremely moist, green conditiom.
need be avoided.

In the later germination tests that were made this inferiorvity of
the first extraction of Medicine Bow sced is maintained. There cam
be, therefore, little doubt but that the kiln drying of very fresh
cones is unsatisfactory. That it is rather a question of defictent.
treatment with low temperatures than of positive injury, however,
seems to be indicated by the fact that the 55-day, 110° E. extraction
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(lot 22 A), made a strong showing after additional kiln drying of
the sceds. The definite improvement of germination after 24 months,
after the probable opportunity for air drying of the Medicine Bow
seed, lends weight to the idea of insufficient drying at the outset. In
1his connection Hiley (8) has recently found that a 4-hour exposure
of freshly gathered spruce seed af 122° raised the germination
percentage from 21 to 96, and that seed kept over until the follow-
ing summer gave 90 per cent germination as a result of natural
after-vipening.

The highest immediate germination of Medicine Bow seed from
stored concs, as a group und regardless of kiln temperature, is
obtained in the third extraction, 161 days after collection of the
cones, when, as will be seen by reference to Figure 5, the greater
part of the moisture of the cones had been lost. However, the lead-
ing position of the third extraction is not maintained when germina-
tion is delayed, for the fourth extraction shows up better after a
period of a year or more. This change is well illustrated in Figure 8,
With Gunnison cones the best results were obtained in the fourth
extraction. .

It may then be stated definitely, considering the average results
with ail temperatures, that there is greatest danger in the treatment
of fresh cones and least after the greater part of the possible air
dvying hus Leen accomplished.

QUALITY O1' SEED ORTAINED AT DIFFERENT EXTRACTING TEMPERATURES

In Figures 8 to 12 similar extracting operations have been
grouped and 2ll of the results of germimnation tests are shown.
These figures will help to make clear the quality of seed obtained
under treatment of the cones at different temperatures.

From the average showing for cach temperature as summarized
in Table 9, and excluding the first extractions of both classes of
cones from such averages becauwse of vather obvious disadvantages
which the fresh cones suffered, it may be concluded that for the
Medicine Bow cones, after 2 to 14 months of air drying, the best seed
was produced by extractions at 140° F. The seed was only slightly
injured by treatment at 170°, but appreciably so at 200°. The rela-
tively poor shewing of the 110° treatments is probably due to failure
to dry the sced sufficiently, as is the poor showing of the seed en-
tively air-dried, The former, however, is properly treated so that
it does not greatly deteriorate with age, at least for several years,
while the air-dried seed is Hable to deterioration after two or three
years,

For the drier Gunnison cones from a limestone soil the extracting
temperature of 110° T, appears to be best at nearly every period
and in the averages. A fairly steady decline for each increase in
temperature becomes very marked after long storage of the seed.
The air-dried sced is nearly as good as that obtained at 110°. It
appears that the better maturing of these cones before picking and
before the first extraction eliminates the need for artificial ripening.

To sum up, then, it may be said that air drying the cones for a
few months is definitely beneficial to the seed and eliminates much
of the dangoer in the use of the more effective higher femperatures in
the extrueting process. Kiln drying after a reasonable amount of




40 TECHNICAL BULLETIN 191, U. S, DEPT. OF AGRICULTURE

air drying is not only necessary to obtuin all of the sceds from cones
not fully ripened at the end of their second growing season but is

also desirable to improve the moisture condition and probably the
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choemical condition of the seeds. A kiln temperature of about 140° F.
is usually best, or even higher, but in no case should the tempera-
ture be higher than is necessary to open the cones effectively. Cones

from u limestone soil appear to ripen more thoroughly than the
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usual run of lodgepole pine cones, and the sced are not, therefore,
stimulated by the application of artificial heat. In any case, as
clearly shown in Figure 8, the danger in the use of high tempera.
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tures is relatively less as air drying of the cones advances, indicating
thut injury is caused by the combined effect of heat and moisture,
or steaming of the seed, rather than by femperature alone,
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EFFECT OF ADDITIONAL DRYING OF TIE SEED

As has been stated. 2 10-gram sample of the seed of each lot ex-
tracted in this experiment (excepting tests 21 and 31) was dried in
the kiln for four hours at about 170° F. Since the object was as
much to determine the physiological effect of this treatment as to
attain a standard of diyness, this temperature was used in preference
to a higher one, which might have destroyed the life of the seed.
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The moisture coulents of the sced lots were computed on the basis
of the weights attained ufter these exposires.

No tests were made on nny of the samples nntil the end of a 21-
month storage period, and then spuce in the greenhouse permitted
but a single sowing. These single tests are, thevefore, compured only
with the simultancous tests on the samples of normal sced.

If the average differences in the Medicine Bow group are first
examined, ib is seen that germination of all of the kiln-extracted seed
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was stimulated, while that of the air-dried seed was not. The greatest
stimulation due to this additional and direct drying was to the lots
kiln-dried at 140° F., which ns a group gave the best sccount of
themselves at this time.
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In the Gunnison grpup it is found that the 110° T. extractions were
not stimulated, and it will be noted that at 21 months these gave
higher germination than any of the other lots, The inference might
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be drawn thut these sced lots dried at 110° had been dried at just
about the proper rate to have the best effect on germination. The
other differences are so erratic that it is unsafe to attempt to draw
conclusions from them.

Stimulation from this kiln-dryins of the seed from Medicine Bow
cones considered by storage periods is evident in the 55-day and
161-day periods, wheress in the last two periods there wus a slightly
injurious effect, the only marked exception being one lot (25 B}, the
normal seed of which at 21 months germinate?l poorly for an un-
accountable reason. The sume generalization niny be made of the
Gunnison seed, ons lot (35 C) vaing a positive effect on the last
group which can not be accounted for and should be given no weight.

To justify the use of the word “stimulating ¥ in discussing this
effeet of the additional seed drying, it is only necessary to refer to the
germination rates in specific tesls as shown by the proportionate
wmounts of the whole securring in the early periods. TFor exmmple,
with one lot (22 A), where the greatest influence on the final ger-
mination was shown, a slightly more rapid rate was maintained from
the start. With another lot (22 B), which was only moderately
affected in its final germination, a most unusual and surprising per-
formance resulted from the kiln-drying of the seed, more than:
cight-tenths of all the germination oceurring before the expiration
of 10 days, a status reached by the normal seed of this lot in 20 days.
On the other hand, most of the lots of kiln-dried seed whose total ger-
mination is curtailed at the same time show stimuiation in the early
rate, as is illustrated by the group of averages given in Figure 10,
This sugwests that drying at 170° F, may have a stimulating effect on
some of the sceds while killing outright others of the same lot. The
E lots as a whole show the highest degree of stimulation, although
their final germination is not increased.

The Gunnison seeds display quite as marked a stimulation of early
germination as do the Medicine Bow seeds, although final germina-
tion was not increased as much. In the 170° F., and sir-dried lots
there is a very decided stimulating effect, while only the 2060° lots,
on the average, show a suppressing effect from the kiln drying of the
seed. The arbitrary groups in Figure 13 show no appreciable differ-
ence in effect as between the two sources,

Although the individual variations are large, owing in part to
the single test of kiln-dried seed, it may be said with considerable
certainty that kiln drying improves the quality of the seed, which
the ordinary extracting operation has not been adequate to ripen
thoroughly. As has already been pointed out, normal seeds from
Medicine Bow cones, germinated at 21 months, gave comparatively
low values and cvidence of reduced energy, owing almost certainl
to their having had too much moisture during storage. With sucK
sced the kiln-dried lots on the whole compare favorably, whereas the
better ripened and less moist Gunnison seeds gained less by the
additional drying. That kiln drying of the seeds, like the higher
extracting temperatures, tends to produce s slight disintegration
after long periods is indicated by the fact that in both the 7-year
and 11-year tests a single composite sample of the kiln-dried seeds
germinated about 2 per cent less than the average of all normal lots.

The above discussion is not intended to suggest that the extre
kiln drying of sceds should be & common practice. It merely serves
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to eniphasize the point that for prompt gerniination of comparatively
fresh lodgepole pine seeds something in the nature of artificial ripen-
ing is needed. The regular extracting process should be designed
to accomplish this, but if after a short period of storage the seeds
show a tendency to sweat or become sticky or moldy, a treatment,
perhaps at a temperature somewhat lower than 170° ¥, corld doubt-
less be given with much benefit.
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EFFRCT OF LOXNG STORAGE OF TIHE SEED

There can be little doubt that lodgepele pine sceds properly
ripened and properly stored have an almost Limitless lile. The frag-
mentary restilts obtained with the Medicine Bow and Gunnisen
seed, of the 1§14 crop, when tested 85 months after collection, show
merely the possibilities in this line, but they seem to prove that there
is no need for the rapid deterioration of tree seed that so often
occurs when they are carelessly stored. The conditions of storage
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in this experiment were those of a cool woist ceilar, with an approxi-
mate temperature range from 30° to 50° F, annunlly. Under these
conditions seed lots adequately sealed to prevent absorption of
moisture showed, for the most part, no loss of germinative capacity
ut the end of seven years, though there was a general falling off of
ahout 10 per cent in the succeeding four years. DBoth Zederbuuer
(£7) and Wiebecke (74) have said that European experience points
to conditions for seed storage approximately equivalent to those
under which vegetable products ns & whole are preserved; that is, a
constant temperature close to the freezing point.  The seed must, of
course, be shielded from a damp atmosphere,

It roes almost withont saying that the first requirement is that
the seed to be stored should not huve been injured, since the deteriora-
tion of injured seed is ulmost certain to be progressive.

NET VALUE OF THE YIELDS AT YVARIOUS TIMES AND TEMPERATURES

IE the value of the seed yields previously described is to be computed
from the gross values und the germinative qualities, it is necessary
first to cecide what shall be considered the average germination of a
riven lot.

It bus been poinled out that the first germination test on tle
vartous lots is very slightly questionable because ail such tests were
not made synchronously. A more important consideration is that
seed slightly injnred—by overheating, for example—may perhaps
germinate if sown at once, but not if retained for what may be con-
sidered an average period of storage. It is believed, therefore, that
in a balaneed average this first test should not be given a weight of
more than onc-fourth. In eomputing values for test 21, allowances
are made, as previously mentioned, because of the fact that the ger-
mination lests were eut off 10 days hetore the usnal time,

Although the germination at 21 months wns determined for only
1.000 seeds of ench lot, the two distinct tests on 500 sceds each were
generally very consisient, and if, is believed hest to give the vesults
at this peried a weight of one-half, because the sceds had been in
stornge for a gnod many months, under moisture conditions controlled
by their respective initinl moisture contents, and this should bring
out most clearly the influence of ench extracting method. The tests
in triplicate at 24 months supply the final fourth of the balanced
avernges,

Table 10 and Fignre 14 show the yields and computed values of
cach lot separately for the Medicine Bow and Gunnison crops,

The first extraction of Medicine Bow cones yielded the largest
number of seed; and so it was with the Arapaho cones two years
carlier, The germination percentages of the second and third ex-
tractions were, however, so imueh higher that these proved to be much
better in net yield. Omne noteworthy point is the lightness.and com-
paratively low value, at the second and third extractions, of the sced
which was air-dried only, whereas, after this seed renches the point
of representing nearly a third of the yield, its quality is above the
average of the kiln-extracted veeds.

The Gunnison extractions show essentially the same tendencies,
althongh the second and third extraclions were apparently somewhut
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more effective than the first, producing more and better seeds and
consequently higher net yields, eulminating in the third extraction.
It is here noteworthy that the lots subjected to air drying only were
above the average quality in the third, fourth, and fifth extractions,
although the volume of this air-dried seed did not becoma large until
the last. This fact seems to indicate rather an improvement in such
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seed with continued drying than a proof that the first seed given
up is of inferior quality.

The most, striking point in Table 10 is the large seed yicld of the
Medicine Bow as compared with the Gunnison cones, the Gunnison
cones yielding about the snme number of good seeds as the Arapaho
cones of 1912, The size of the Medicine Bow sced, as shown by the
number of seeds per pound, is 10 to 20 per cent greater and the total
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number of seeds extracted nearly twice as great. As the germination
percentages are very similar, the net yield of germinable seeds is
76 per cent greater per bushel of Medicine Bow cones than of Gunni-
sont limestone cones. In the section on seed production, where Gun-
nison cones from a granitic soil were considered, it was shown that
Gunnison cones produced a good many more seeds than Medicine
Bow cones. When the data are reduced to a comparnble basis it is
found that the Medicine Bow cones in this experiment yield nearly
twice as many sced as in the seed-production study (considering the
10-year average} and that the Gunnison limestone cones are fully
as fruitful as Gunnison granitic cones. This difference, then, must
be due to obtaining very superior cones on the Medicine Bow for
these extraction experiments.

TapLy 10-—Yields of Medivine Bow and Gunnison lodgepols pine cones in foial
dad yermdnable sxecds afler vuried air-drying and EKiln-drying trealment

[Lots of 1 hushel treated at ssch tempersture; untrented seeds ropresent yvields of 4 bushels from sir
drylinyg only}

Seads per pound | Total nuantity Bolanced average of fnaj
. extractad extracted germination

Kiin
temper-
Blume | ol | Guuni- Med!- | Quani-
cina Bow| son  jcine How, son

Period of sir drying
{days)

Medicine Bow Qunnison

hi3 . No. MNo,
102, 150 05,975 | 24,312
1,713 , 0 58,745 | 27,001
13, V08 67,512 | 33,385
108, 105 | 113, T40 | 56,767 2, 510

100,034 |2112,006 | 245,016 | 114,808
100, 574 [ 129,943 28,917
100, 798 | 117,818 5
08, 500 | 110, 302

101,022 | 105, 20
11, 833 | 128, 496
101,067 | 117, 191

125, 48

137, 085

118, 657 . 141, 779
N5,y 2 . 157, ?g
jpaNtyal A 134, 4
15,437 131, 020 .
11}, 438 : . g3 | e

! Aflownnees are made ns deseribed Ir the text for the short germipating pericd in the first test.
* Algabiruie megns,

110505° —30——it
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From a comparison of the results at different temperatures, it is
seen that the best net yield of Medicine Bow cenes was obtained by
using temperaiures of about 140° F.| owing both to high gross yields
and the superior quality of the seed. ‘The wvet, however, at 140°
is cousiderably exceeded by that ut 170° in the first extruction, as i6
appeasws that with green cones the higher temperature improved the
quantity and quality of the seed.

For the Guunison cones, it is evident, somewhat higher tempera-
tures are necessary for the best results. A temperature of 170° F,
here produces considerably more than 140°, after the second extrac-
tion. und in spite of generally poor germination the 170° extraction
malkes a slightly better showing in the averange,
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As was indicated in the study of the germination results alone,
Tigure 11 shows that the longer air drying is continued the greater
1= the need and justification for the use of high teinperaturves. For
the Guniison cones even a temperature of 200° F. tuy i extreme
cireumstances be justified. ‘The highest temperatures id not bring
the late extractions of the Medicine Bow cones up to the status of
earlier ones. .

THE ECONOMY OF STORAGE AND AIR DRYING

It has Leen clearly indicated by both the 1912 and 1914 tests that
the highest yields of germinable seeds may be expected atter several
months of storage amd air drying of the cones.  After possibly six
months, however, the cones beconmie caschardened and do not yield
readily o artificinl deving beeanse of the relatively small amount
of mot.ture avaitable for removal, and ns o result seed yields steadily
decrease as the aiv drying is prolonged.
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Since the evaporation of water by artificinl heat necessarily in-
volves expense, even though the necessary fuel be available in the
opened cones, 1t follows that air drying of the cones may mean a
considerable cconomy in the extracting process, It is conceivable
that since at least temporary storage facilities must be provided
air drying may be continued as long as desived withont any material
inerease in cost on account of such facilibies,

In the present study the unit of drying cost must be the heat
actually utilized, with a small allowance for the fact that in cold
weather a little more heat must be generated than in warm weather
to produce the sane kiln conditions, That the heat actually utilized
is a fuir basis, even though in these tests the percentage of utiliza-
tion drops steadily as drier cones are treated, will be indicated by
considering that in a practical operation this decrease might readily
be batanced by treating larger masses of the dry cones. The limita-
tion in efliciency of u hoi air eurrent is really decided by the amount
of moisture which it acenmulates, The heat actually utilized has
een most carefully measured in these tests, which is an additional
reagon for adopting this measure,

The kiln-drying process is ordinarily thought of merely as a
process of extracting water from the cones. This is undoubtedly
the main consideration. But an examination of Table 11 will readily
show that the amount of heat required in various extractions is not
proportionate to the amount of drying done but rather increases
markedly for ench unit of water evaporated as the number of such
units become less. (Fig. 15.) Tt is also greater in the 110° F.
extractions of Gunnison cones than elsewhere, These phenomena
are so striking and have given rise to so much speculation on the
part of the writer and so great an effort to find an explanation that
1t would be desirable to discuss the matter thoroughly from a theo-
retical standpoint in order that the reader might have more confi-
Jdenee in the practical bearing of the results. This, however, is pre-
cluded by lack of space, and there will be mentioned, theretore, but
three points which in the writer’s opinion can have any material
bearing on the results presented.
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TaBLE 11.—Delailed record of extractions of lodgepole pine seed !
MEDICINE BOW CONES

Kiln data Heat computations

Dry
Mean | Mean | Mean | Mean weight of
¢ o0 el Py Total | Heat | Heat |Propor-
air | hot-air fexhaust| inside heat gen-| radi- jused by| tion cones

move- [temper-|temper-|temper- io
ment | ature | ature | ature erated | ated | cones |utilized

Cubic
Jeet per
minuie 5 A A . | B.t.u. |B.t . t. u.|Per cent| Pounds

65.3 ; . . . 54, 960 2, 22.7 | 27,5000
65.2 . 3 2 3 46, 956 32.2 | 27.10897
. 49, 556 47.6 | 25.9768

50, 160 39.8 | 25.6484

201, 632 | +35.3 {.106.3247

40, 980 .7 | 23.8504
40, 632
38,244
34,332

®
&

Pounds
13. 7656
14. 0859
14. 2285
14. 5313

56. 6093
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5.0156
5.3516
5.6172
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110. 11 3 . . 33,480 A 22, 0000
140, 11 X 3 A 23,388 |. §, 8 X 22,4219
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11166 © 88,79 | 100.61 88,412 119,0141 | 45.30 | 23.9921 {.30,919
140,02 | 100,58 | 120. 50 61,100 | 43,906 26 . . 25. 4527 | 38, 537
16694 11351 | 140.23 | 75, ; 35,585 | 48, 116, 5850 ;26,1211

199,04 12649 1 160.68 | 7576 | 41,056 64 1149922 | 5112 277110

wesenw
S OGO0 00

GUNNISON CONES

99 | 98.98] 68.75| 68,640 16,471
7.8 | 130.4¢ 120,60 | 70.06 | 59,010 | 14,014
113. 6 ) 142121 80,24 [ 53,130 | 12,252
113.4 | 203, 45,300 | 13, 453

Average or total._ 110.0 X 226, 080 | 56,220

99.5 3 1, 103. 52 3 44, 100
06,6 5 3. 121.18 . 28,200
108, 2 . 6 . 137.48 . 32,088
119. 5 | 101,36 5. 64 | 158, 50 . 32,880

106.0 | 151.80 137, 208

104.6 | 111,88 . . . 79, 590
111.4 | 130,72 5

124.0 | 150,19
116.0 | 200.94

Average or total. 114.0 | 152.03
100.3 § 110.28

93.3
125.5
123.2

27.4141 . 8.9687
26. 9766 . 9. 0547
26.1933 9. 6250
26. 5703 9. 2734
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Average or total__ 112.1 . 138,770 | 33, 606

107.8 . 3 . 65,160 16,918
114.8 3 3 5 3 7,390
132.5 | 171.95
136.6 | 199, 50

288 BBER) & E85:( 8

. ) 3,033
. 5000 | 52 3,483
Average or total 122.9 | 155.46 140,874 |-35, 439 417.5 | 1047960 6.4124 . 43,174

110 .0 [ 1027 | 111.45 | 91.66.f 101. 56 3 306, 630 | 79, 646 116.0 | 133. 6328 19,2347 42,320
140 .6 | 106.8° 130.45'| 103.61 | 121.53 3 183,114 | 48,271 4241 | 1324767 19, 5921 3 41,951
170 L7 0120.8 | 165,02/ | 117,31 | 141,17 3 172,626 | 43,0064 427.8 | 128, 8281 21,5544 41,920
200 , 61 J2L.7 | 197,22 | 125,88 | 161,55 5 154,082 | 41,335 ,262 | 4352 | 131, 8359 : 22,1859 3 42,083
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®

qgas UNId §704daHdO0T 40 NOILOAJOHd

1 Unit for Medicine Bow coneg is 0.9062 bushel except in test 21, In this test and in all Gunnison tests the unit is 1 bushel.

2 After allowing for warming the water, it may be assumed that the amount of heat required per pound of water, if in a free state, is only 966 B. t. u,
3 Low figure due in part to an irregular treatment for one hour after cones mostly open.

¢ Algebraic means. i

8 Low figure due in part to drying not being very-thorough,



http:94.5/111.66

54  TECHNICAL, BULLETIN 191, U, S. DEPT, OF AGRICULTURE

" (1) The water to be extracted from tha coties is not entirely free
water, After a cortain degros of dryness is reached—say, ab about
15 per cent moisture content—the remaining water is held in a very
strony bondage and behaves unlike liguid water, just as coes the
vosidue of soil water when the soil approaches vomplete dryness.
If the drying process is reversed, very dry cone material being im-
Mmersed in iwater, it ig found that considerable heat is generated,
which may be called “heat of imbibition or absorption.” The
amount so gonerated, in rough tests made without a calorimeter, is
perhups 15 B. t. u. per pound of dry cone material wet, and this ig
only & small feaction of the amount needed to explain the high heat
use in some of the extractions. Nevertheless, the existence of such
a fuctor is an Lmportant item in expluining why there is much
greater heat nse when cones are dried to a low moisture content.

{2) The seccond point concerns the allowance for radintion from
the wallz of the kiln between the points where the temperatures of
the hot-air current and of the exhaust-air current are recorded.
Every effort has been mnde to determine precisely what loss of heat
oceurs with the ctirrent of air passing through the kiln, but with no
drying being done. The main difliculty ix to duplicate the condlitions
which exist when there are cones in the kiln. ‘Therefore, while it is
believed that a radiation tabie has been prepared which is well bal-
anced for different temperature conditions, still is must be recog-
nized that the radiation is a large fuctor in the entire heat loss and
that very slight changes in the allowaneces for radiation would
greatly affect the apparent use of heat in the drying process.

(3) It may be assumed that some of the heat is used in obscure
cheniieal changes in the cone cells and in the seeds. The facts
deduced  from” germination data, indicating ripening changes in
the seeds, both when the cones are air-dried, and occasionally when
they are kiln dried, point strongly in this direction. The various
lots of test 21 showed original germination almost directly propor-
tionate to the excess heat nsed in extracting the seed, and 1n test 31,
although the higher temperature treatments did not show the greater
excesses, the swme relation of heat use to germinative vigor 1s evi-
dent. Yhile this relation can not be followed into subsequent tests
without invelving other factors, it is quite evident that there is a
close relation between heat use und seed quality in green cones.

What quantities of heat may be involved in these possible chemi-
¢al changes is entively problematical, though it does not seem that
ihey could be consequential unless the entire cone mass were affected.

PRACTICAL RESULTS OF THE DRYING PROCESEES

The calorimetric results obtained with the first kiln and the
Arapalio cones of 1912 are not considered sufliciently reliabie to war-
rant their presentation in tabular form, although the values obtained
fall mainly within the range of values established later by more
caveful methods, A brief résumé will suffice to show the situation
existing when the tests of 1914 were begun.

The quantity of heat required to open the cones, as determined by
the cooling of the air in passing through the cone trays, with an
allowance for the radiation loss from the kiln walls, was 6,051
B. t. u. in the ficst extraction at 110° F., and 18,289 for the entire
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bushet treated ot three different temperatures. This total value
decreased promptly but irregnlarly in later tests to less than 10,000
I3. t. u. per bushel of cones and reached a low point of 5,500 B. t. u.
in test 13 made January 15, 1914, 13 months after the first extrac-
tion. Considered by groups of five tests each, the first group had
an average requirement of 11,993 B. t. u. per bushel, the second 8.206,
and the last extractions 7.193 B. €. u. It is thus seen that after air
drying the cones are opened with a much smaller utilization of heat,
and this, in & practical operation. would mean that a greater volume
of cones voitld be treated at one time.

Individual extractions vary widely in the amount of water evapo-
rated in the artificial dvying processes. Considering groups of re-
suls large enough to obsenre individual vaviations, the first five
tests requiired on the average* 2.653+107 B. t. u. per potind of water
cvaporated, the next five, 223094, and the last, 2,516=:89. One
explanation of this low heat use in the second group is the fact that
from the time of test 5 to that of test L0 the cones were af times
being wet by rains, and in so far as this moisture remained in the
superficial layers it is conceivable that it would be evaporated mote
readily than that deep within the tissues.

The practical results obtained in the various extractions of Medi-
cie Bow nnd Gunnison cones may now be considered.

In Tuble 11 the conditions and heat computations for the numerous
pxtractions in the 1914 tests have been given. Table 12 sums up the
heat use in relution to seed yields.

It is to be expected thuat there will be a gradual diminution in the
heat required to open cones as they become more and more affected by
air-drying, Referring to Tuble 7, which showy the moisture condi-
tion ot the cones as treated at different periods, it is seen that for
Medicine Bow cones between fests 81 and 23 there was a loss of
moisture by wir-drying from 716 to 20.4 per cent ; this is accompanied
by u decrease of more than one-hatf in heat utitization. Beyond the
third extraction, however, the decrease In heat use is far less than
the decrease in the amount of water to be evaporated. and is just
about equal to the decrense in total seed yield, including that ebtained
by :lil‘-:[!‘_\'ill;.f.

Tuble 12 clearly shows that (he 110° F. extractions of Medicine Bow
cones are most saving of heat; but in view of the much higher yields
of good seods ut 140°, it is felt that 140° is actualiy the more eeo-
nomical, if the original cost of the cones be properly weighed.

Extractions of Grunnison cones at 110° F. utilized a greater amount
of heat than any exeept those at 200° and produced the highest
quality sced: but as nearly one-fifth of the limestone cones do not
open at this temperature, the net yield is low, and the heat required
to procduce 1,000 seeds is 20 per cont greater than at 140°, where prae-
tically the highest yields are obtained.

The most economical period for extracting both types of seed is
that which produces the greatest sced yield, or, ns represented by tests
23 and 33. in March, nbout 160 days after the end of September,
when cones may be considered ripe. This is not marked enough,

A Arithmoetie moans of the resalis of all of the extetions in these fexfs affer ollminnt-
I Troms et andd secod orpaps e g Soure whose devintion exeeeds thiee thees the
profatble srrar. o the secowmd group resules in lest U are ot loeluded,




58  TECHNICAL BULLETIN 1$1, U. S. GEPT. OF AGRICULTURE

however, to warrant undertaking extracting operations in March if
that month should happen to be very cold and undue expense would
be involved in generaiing the total amount of heat required. I
must also be kept in mind that the low heat use at this period in the
tests has not been clearly explained.

TABRLE 12— Han? required 1o open lodgepole pine cones in 1914 tests in velalion
to net seed yields af various limex und lemperalures

Medicing Bow cones Ctunnison cones
Hent " | Heat
{gii:l Iient § Oood | unils E::i:n 1 Meat } Oood | unbts
Tast Ne. o) units |seeds ob-| per M Test Na., rn.| UDNHS [seads abel per AY
r;ema used ! | tolned #| gool iluro used | tatned ¥ gond
secds segds
°F Bt ou.t Number| B L, 2, P IR L Numberf Bt 1,
LD | B2 46% 31, Gig 304 1i | 26,1801 20,182 1,040
21 14G | L5, 116 45, 35 427 25 1903 19 7D ¢ 23,4HR YR
"""""""""" ¥70 | 4, 570 44, 300 a2 —mmemmemmemoo-esslY 170 |18, MR | 2O (M8 kL]
2000 | 1D, w5 35,323 K . A i 1] i, 15 1,212
Totu] or av- 1 Totsl or av-
ATHPO e oofeases TELAIB | 1M, 6 1452 [ 72~ [N W41 TL035 7 MK
1M | 10, %0 ! 30, 779 m Ho{ U,615 | 22068 5¢
2 H0 | 1L 1S 47, 087 P} 32 40 T2 =4, 517 306
mmemmmeeesme st =m0 10, M6 4144 F-51 3 i I} 7o 16,152 21,974 463
wn | 11,74 i Bil, BG3 et a0 L, Do 18, 80 611
Totnl or 4¥- 1 Tolal or av- |
FT3 ST5"{ | DU 43, THS 162,058 129 10 171 T S p A0, 020 | 8%, 450 ¥ 488
110 54121 44,565 14 I i 5 13| 2% is2 sy
» He | 7,762 45,082 189 a3 wo L 6,502 22,523 it
""""""""" 170 | & 185 : 39,525 12 P B L R L 24, w2 242
w8, 772 o 180 |: 200 H 8,335 23, 400 357
Patal ar wv- Total or uv- I
[=] rTC IO 28, 131 167, 603 4156 orage ...} 25,024 | 9,002 3280
10} 4,880 . 39,868 15 130 |, ©, 0 1, 004 3190
2 A0 4 35, M7 182 34 10 SOme 1 21270 P41
"""""""" 170 | 5,811 (st 153 il | B (1 R V3 R 'S 208
Ao | 6,V 32,47 208 200 | 8,0 2, M4 401
Totr! ur av- Total or av-
TR . oo a 25,008 | 148,473 | 1182 P22 TR B 27,542 | B, 785 24
1| 4,088 3,0 141 g & GS_. 16, 525 207
o 40| 534 an, 1 152 35 M0 | 588 il il 248
tosmmmmmam ey mam o= 170 | 5400 | 34,85 1R || Mmoo anemes 17G 1 G470 | 22,850 200
WO | 7,50 3, 957 P4 00| 7. 5tA 22l 328
Tt ur uv- Totsl or av-
LTIEE.. 22,581 | 137,965 i ersge__ L. |oaooo| 24,700 | 85021 L7 ]
110 § 37,482 | 185, 87T% Aot 1o | 40,054 | 102,742 2478
All 140G | 40, 20 | 201, 8249 L =] All 140 | 44, 8 | LI, T4 3452
-------------- 170 | 5L621 | 198, 565 | 120 et | I ¢ 3 T T VT 1422
200 | 52, &0 | 175, 118 1400 00 | &4, 22 | 108, 25 3 5%

! For tests 22 ta 25, Agures from Table 11 were increased to a whole-bushel basls by dividing by G2,
1 Includiog somis relensed by air-drying ouly.
+ Algebraie menns,

It is noteworthy that although test 23 represents the lowest aver-
age heat utilization by the Medicine Bow cones, extractions at 140°
and 170° F. produced slightly better utilization in test 25. This Is
in line with the fact previously pointed out that the higher tem-
perntures become increasingly effective as the cones become drter.
Bxtractions of Gunnison cones at 140° took the least heat in fest
B3 oat 1707 the low level was veached in test 33, Test 33, at 170°,
produced the highest individual seed yield for the Gunnison cones.
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The practical results of these tests may, then, be summed up as
follows:

Alr deying under ideal storage conditions may in the course of
six months reduce the moisture content of the choicest fresh cones by
about T4 per cent of the original amount and thereby reduce by fully
one-half the heat required to complete their epening. A maximum
temperature in the kiln of ubout 140° F. is ull that is required while
the cones contain good “life.” Beyond this period drying of fresh
cones roes on much more slowly. "The cones become hardened and
suon do not contain enough moisture to show a sharp reaction when
the moisture is removed, so that higher temperatures have to be used.
It may well be said that the best temperature is the lowest that will
open the cones effectively, time being a consideration. Medicine
Bow and Gunnison cones were very different in this respect, in that
she former never failed to respond quite well to the low temperatures.

Everything cousidered, storage for six to nine months produces
the largest yiekls of seed, of the best quality, and at the least ex-
pense of artificial heat. The amount of artificial heat required may
be tuken as an index of the speed of operation as well us of the total
expense.

Cones that are for any reason more poorly developed, like those
grown on limestone soil an the Gunnison Forest, differ mainly in
requiring higher temperatures for their effective opening, except
possibly while fairly fresh.

GERMINATION OF LGDGEPOLE PINE SEED

THE METHCD OF GERMINATION TESTS
SOIL, TEMPERATURE, AND WATER

Since a test of the viability of the seed is necessary for any conclu-
sion as to the real value of u seed crop or method of treatment of the
crop, germination tests must be frequent in svch a study as this, and
the manner in which they are made is of no small importance. The
subject i extremely large and complex, and various seed-testing
metheds have been widely discussed. In defense of the method ap-
plied in this work it may be said that it has the justification of
being natural and practical; natural in the sense that the medium,
sanel, is the natural habitat® for seed, and that the daily range of
temperatures and the absolute temperatures are similar to those oc-
curring in lodgepole pine sites; practical, in that the manipulation
of the tests is much simpler in sand flats than under more artificial
conditions, and alse beeause the results are perhaps indicative of
the seed values for nursery or field use. By this method germina-
tion is more than a mere showing of life in the seed—the seedling
must at least have vigor enough to push to the surface.

The main features of the method chiefly used in connection with
this study were deseribed by the writer in 1913 (1), but since then some
refinements and additional data make it desirable to describe anew
the entire process so far as it relates to tests with lodgepole pine.

7 In ennzbdering the differsnee bebween sand and Watting paper, for example, the chem!-
ent ceactions of the two medinms may be of sowe small moment,  The sand medlum will
usunlly show an avid reactien, to which the pines are purtial, at least in thelr Inter
crowlly, while 1t &5 to e expected that bluttlng paper wll be ailknline or nearly neutral.
No doubr Hiwe resctlon of the water (ur solution) wlil have appreclable effect on ity rate
of absorption by the sced.
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As the small greenhouse designed for these tests was not equipped
with artificial heat until November, 1911, the preliminary work for
the first year was done wnder a natural or practically uncontrotled
range of temperatures. It was not diflicult to keep the minimum
temperatures above freezing, although at times they went below 40°
Ir., but there was less control of the maximum air temperatures,
which 1n Aungust averaged 100°. A daily range of air temperatures
Troan 30° to 85° was soon declded upon, to be controlled as needed
by means of artificial heat at night and curtsins in the daytime.

After o period of observations in which the extremes ot air tem-
perature, 50° und 85° F., had been compared with the maxima and
mininne 1n the s0il, the temperature range was controlled according
to the soil temperalures, buginning in November, 1913, It was found
that at a depth of Linch in the send the daily range was about 15°
less than that of the air in the greenhouse.  Consequently, the new
standard adopted permitied a maximum each day of 77.5°, and a
winimum, usnally oceurring in the early morning, of 57.5°. It was
thoughit that in this manner the actual temperatires experienced by
the germinating seed would be made more closely comparable for
days when sunlight supplied the heat, and days in which the entirve
warning process st be through warmning of the air, and thence
the <oil, by artificial heat. Flowever, because of the more sustained
elfect of artificial heat, it is more equable that when sunlight is not
avatlable the maximum should fall somewhat short of 77.5°, and
this not infrequently happens beeause of physical Himitations of the
creenhiouse equipment.

Later observation over a period of 80 days showed that when a
maximum temperature of 77.5° F. is attained at a depth of 1 inch,
the corresponding temperature .25 inch below the surface, where
the seeds lie, is 5.7° higher on the average. The minimum at 0.25
inch depth, however, is only 0.5° lower than that of the decper soil.
The actual range of temperatures experienced by the sced under the
standard air temperatures is, theretore, 57° to 83.2°.

Most of the space In the greenhouse was occupied until 1918 by a
bench partitioned into tills, each approximately 1 foot square and
4 inches deep.  (PL L, C.) This gave fairly uniform conditions for
conducting 165 synchronous tests, with some variations, which will
be mentioned later. A maovable Dench of 25 square feet capacity was
then vonstructed, separate tills instead of built-in sections being used
thereon.

The material used in all recent soil tests has been a granitic sand
fairly free of both humus and clay, obtained by passing the native
granitic gravel of the region through 14-inch-mesh hardware cloth.
The sand was talien from a deep excavation, where it was thought
few spores or mycelia of parasitic fungi wounld have penetrated.
That this idea was sound is shown by the fact that in 10 years there
hive been not over halt a dozen outbreaks of damping-off in the
testing tills. and these were confined to single seed lots, the spores
probably having been brought in with the seed. Probably because of
this factor the sand medinm was found generally to induce higher
germination than a loamy soil.  The slightly ucid renction of the
vranitic and (pIT about 6.0) probably has a stimulating effect on
lodgepole pine germination, as it does later on growth,
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At first one-hnlf of an inch covering of sand was used for all seeds,
but this was quickly changed on evidence that it materially retarded
germination, espeeinlly of the small seeds of spruce and’ lodgepole
pine. The standard covering of one-fourth of an inch was adopted,
witly this provision—that where the thickness of the seed is itself a
farge proportion of this depth the seed will be pressed in flush with
the surface before the covering soil is applied.

The exact control of watering has never been considered cither
Teasible or necessary. It has seemed best to compensate o varin-
tions in weather conditions merely by varving the morning watering
according to the prospective weather, and if this fails to keep the
soil surfuce appreciably moist to supplement it by a watering later in
the day, Considerable faith is pinned to this method because of
the loose character of the soil, the freedom of drainage both through
the soil and the beneh floor, and the lack of any tendency toward
sourness or moldiness. Only in 1915 was there discovered any evi-
dence of bad effects from overwatering. .

During a temperature test, deseribed later, samples of the sand
in the titls were tuken daily to determine moisture content, Moisture
was found to vary by slow changes from 6 to 12 per cont.  The higher
figure is possibly a little teo much moisture for the best resnlts. Any
ralue between € and 10 per cent would probably insure highly avaif-
able moisture and complete acration. Variations within this range
would only have a negligible influence. ?

PRETARATION AND TESTING OF THE SAMPLE

i

‘Ihe lots of secd obtained in experiments such as those deseribed
rarely exceed 0.5 to 1 pound in weight, These lots are first freed
of long needles, seed wings, or other foreign matter which would
tend to bind the seeds together. In this condition the total roughly
cleaned weight is determined. - )

A simall sample of 500 sced is counted and accurately weighed, all
foreign matter being carefully remaoved, as well as broken and hollow
seeds when it appears certain that these can not germinate. From
the weights thus taken it is possible to determine the number of
clean seed per pound, as well as the purity percentage of the seed
lot, and the total number of seeds therein.

The 500 seeds are then ready to be sown. A section or till is
somewhat loosely hub evenly filled with slightly moist sand, which ig
pressed down one-fourth of an inch below the top of the till with a
specially constructed block, leaving the soil surface smooth and
slightly compacted. The 500 seeds are distributed evenly over this
surface or, if they arve large (more than abont 2 millimeters thick),
embedded with the pressing block. Loose, dry sand is then placed
over them, level with the top of the till. By this mecans, unless
erosion of the surface oceurs, a uniform covering of the sceds is
assured even thongh the sand in the till should settle somewhat
unevenly from repested watering.

‘The tills are hmnediately watered. Thereafter they are observed
and watered cach morning.  When seedlings begin to appear, aftee
T to 15 days, the sand 3w watered and ernptions on the surface are
“ melted down ” belore the seedlings arve counted and removed. The
tally of each till is made from day to day.
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This method is designed to give the total number and germinable
number of seeds in the entire sample or per pound. Because of the
difficulty of obtaining a perfectly true sample either for weight or
germinability, and because these two things usually vary in the same
direction, n short-cut method is possible which promises less variable
results. Instead of n fixed number of cleaned seed, n known weight
of unclenned seed may be sown, the result being stated as so many

-germinable seeds per gram. This figure will prebably be found less
variable in successive samples than any other measure of germina-
bility. At least the method guarantecs numerous samplings for
weight as well as for ;f'emninability, and is recommended for use in
investigations in which it is possible to get away from the stereo-
typed expressions of “germination percentage.”  When there is a
time element, with opportunity for the entive seed lot to gain or lose
weight through moisture changes, it is, of course, necessary to keep
track of such chunges,

THE GERMINATION FPERIOD

For practical purposes seed which germinates promptly has much
grenter value than that which respends slowly to favorable heat and
moisture. Nature being quite relentless in such matters, especially
in o region with a dry atmosphere which quickly desiceates the seil
surface, it follows that seeds whose vigor permits them to ger-
ntinate on the moisture ¢* 2 single rain have n much greater chance
of suceess and a much greater value in reproduction than those which
perhaps have onty begun to swell when their seed bed becomes dry.

It is recognized that the seed of each species has its characteristic
germinating time and rate, and the differences between climatic
varieties of the same species are equally marked. Therefore, there
is o tendency in seed testing to set aside a limited period for a show-
ing of energetic germination and to consider the germination occur-
ring after that period as of little or no practical value.

Wiebecke (£4) writing in 1910 of experience with Scotch pine
(Pinus sylvestris) in Europe, and referring to germination upon
strips of moist flannel or blotting paper, which is, of course, more
rapid than in soil, says:

The practical working out of several thousand germinntion experlments at
Eberswialile has contirmedd the opinion of Hanck that in the case of fresh seed
frow good coues all the really usetul seeds have germinated in seven days.

The relative “ germinative energy ” of any particular lot of seed, or
the period required for the germination of the more vigorous and
prompt portion, may be expressed in several ways with reference to
other seeds. Perhaps the commonest and least arbitrary method is
to give the number of days required by the seed to produce one-halt
of its possible germination. This number is called the “rapidity
factor.” The objectionable feature in the use of this term is that the
rapidity factor can not be given until a very long pertod has elapsed
to bring out the complete permination.

Other means of expressing the energy or real value of the seed
require that the percentage of germination in some Limited period
shall itself delimit the quality of the sced, or that this amount in a
limited period, expressed s a ratio to the perminative eapacity, shall
show the proportion of vigorons sceds, The period of cnergetic
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germination must then be decided upon. In the present study an
analytical method of determining this period was used with lodge-
pole pine, as with other species, with a certain arbitrary basis. The
records of a number of tests were analyzed on the premise that the
elergetic germination should be considered to have ceased when, in
the test of 500 seeds, the number of seedlings sppearing was less
than 4 in two consecutive days, or less than an average of 0.4 per cent
per day for two consecutive days.

From 40 tests of lodgepole pine which were available for analysis
in 1913, it was found that the period in which the germination rate
exceeded 0.4 per cent per day varied from 20 to 45 days, with an
average of about 31 duys. This pertod was therefore adopted at that
time as the standard period for testing seed lots which had no re-
search value and ns & basis for comparing seed lots of an experi-
mental nature. At the same time it was recognized that to approach
& measure of germinative capacity at least twice the energy period
should be aflowed, or 62 days.

More complete informztion shows that the germinating rate has
not commonly dropped to 0.4 per cent per day until 40 to 50 days
after sowing; that the germination of lodgepole pine may some-
times continue for 100 days or more under the greenhouse conditions
and niny be spread over twe growing seasons in the fleld.

From the data to be presented in the following pages it will be
scen that the actual value of seed for sowing depends as much upon
the field conditions as upon the quality of the seed, so that any
nttempt to define seed quality except in the simplest terms is futile.
For contrasting the energy of lodgepole pine sced from different
localities, or for investigating the effect of a treatment upon the en-
ergy of the seed. the germination oceurring in a period of 81 days
will serve as well as any other criterion. but for most other pur-
poses at present the final germination is best used.

CRITICAL STUDY OF THE TEMPERATURE FACTOR

In the present study, since relative germination rates and amounts
have such an important bearing on the conclusions, it is desirable
to know whether the standard temperature conditions deseribed in
carlier paragraphs are natural for lodgepole pine in the sense of
being nearly optimum and eapable of bringing out a large proportion
of the possibly viable seed within the time allowed. The question
arises naturalfy from the fact that throughout the tests final ger-
mination values of about 70 per cent are the rule. If other ger-
uiination conditions might have produced markedly higher germina-
tion, then it may be questioned whether even the comparative values
for different seed lots are to be relied upon.

The first test of the arbitrarily selected greenhouse temperatures was
made in the spring of 1917, while the large avea of tills was still in
use. and inctuded Dounglas fiv and western yellow pine, as well as
lodgepole pine.  Each test covered an entire cross section of the
beneh, or five tills, 500 seeds being sown, as usual, in each of these.
The entire space used, comprising 75 tills, was cehtrally located in
the greenhouse, so that local temperature variations should not have
lind any appreeiable influence on the results,
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Taun 13 —Snmnuery of temperufure-gorndination fests of “tree seeds in Iy,
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The plan followed was Lo sow five Jols of each species simulta-
neonsly. waintaining a given range of temperatures for 10 days, a
period i which. at the ordinuey temperatures, germination of lodge-
pole pine s almost invariably begun.  Following this, another set
of sumples for each species was sown, with the daily maximum and
minimum temperatures of the greenhouse each increased by 10° I,
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Fiaren 16, —~Germination of loduepole pine sead in 1917
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In all, five sets of snmples for each species were sown successively
at 10-day intervals, and the temperatures changed from an initial
daily range of 32° to 52° gp Lo T2° to 92°  The first seed sown thus
experienced total temperatiure ranges of 80° or mare within 40 days
of sewing: the second lot 350°; the third, £0°; and the last only
shightly more than 20°0 The actual mean maxima and minime are
shown in Tuble 13. These were not quite as planned; the tempera-
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ture of 32° wur atlained only once in the first 10 days, aml the
maxinu were aceordingly reduced to give nomean of ahout 43°.

Lo determine an optimuin temperature for germination, one would
natnrally carry through individual tests at fixed temperatures or at
temperatures within o wiven, narrow range, but this plan was not
practicable in 1917, if even partinlly synchronous tesks were to boe
made.  Noevertheless, the 1917 tests brought out facts of value. In
Table 13 is presented a brief summary of these tests and in Figure
16 the progress of germination for lodgepole pine may be seen in
detwit. The results will be considered in connection with those ol-
tained Iater in 1922, when an incubator and a cool cellar made it
possible to conduct tests ut fuirly even temperatures of 56°. 60°, 70°,
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and 83° T, or at least with only minor fluctuations from these
standards.

Each of the four 1922 tests was made with 500 carefully selected
seeds of cach species, in small jron pans filled with sand and brought
daily to a 10 per cent moisture content, or about the average main-
tained in the greenhouse. At the same time a test was made in the
greenhouse under the standard conditions. In Table 14 is given a
stunmary of these cven-temperature and regular greenhouse tests.
Figure 17 shows the comulative germination. departing from the
usual practice of showing enrrent daily amounts because of the
importance of the final lotals. In both series of tests it seems
desivable to compare lodgepole with other species in the tabular
data.
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PanLe T—Summgry of temperalure-germination lests of tree aseeds in 1928
wirder varicd temperature condilions'
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In 1917 the lodgepole seed germinated best, considering both
promptness and final germination, in test 3 star{ingr at temperatures
52° to 72° F., increasing in 10 days to 62°-82° and at 20 days fo
79-92°. Vigorous germination started just at the time of the first
incrense in temperature, showing as in tests 1 and 2 that the tem-
perature 52°-72° causes a good deal of activity.

Tests 1 and 2, starting at lower tem(]l)erat-ures, show hardly less
spontaneity once germination was started. but the lower final figures
sugzest the loss of a small percentage during the period of low tem-
peratures. Test 4, starting at 62°-82° F., is also vigorous at the out-
set, but appears to be somewhat depressed by the highest tempera-
tures nttained. Test 5 started at 72°—92°, and experiencing only
slight variations from this standard, is sluggish, the more rapid
germination being spread over a period of nearly 30 days. Evi-
dently this temperature scale is a little teo high.

Since it is fairly evident that lodgepole pine germination is bene-
fited by a wide range of temperatures, the thought might occur that
a part of the sceds find one temperature just right, another quota
prefer & higher temperature, and so on, in much the same way that
some of the cones are opened at air temperatures, others at 120° ¥,
and still others only at 160° or 200°. This may be true to some ex-
tent, but hardly describes the situation fully, although in the tests
of 1922 the nggregate germination at the two constant temperatures
of 58.8° and 79.7° was just about cqual to that of seeds which expe-
rienced the daily range from 57.2° to 78.1°. It may better be said,
however, that lodgepole pine seeds in general demand more or less
heating and cooling for the rapid absorption of moisture and the
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chemical changes which precede germination, and this apparent
requirement is no doubt linked up with the habit of the species of
reproducing in the open places, and at high altitudes where the daily
range ol temperature is extremely great,

In order further to show the importance of specific temperatures
in the germinating process of lodgepole pine as contrasted with the
effget of rapidly iﬂ.tctuating temperatures, it is desirable to examine
the germination records in a statistical manner. The Van't Hoff.
Arrhenius principle, as described by Livingston and Livingston {9,
which refers 1o chemical reactions and is sometimes applied to the
reactions which control vegetative growth, suggests that the vegeta-
tive uctivity of plunts should double in rate for euch increase of
10° C., or 18° F., above a starting point of 40° . TIf in the present
instance the unit rale of growth, a, is considered to be the percentage
of germination which might result from 10 days’ exposure in 2
moist soil at 40° F.) then for a similar period at 58° a germination
amounting to 2s may be expected, at 76°, 4z, ete. By means of a
graph the expected rates corresponding to any of the maximum and
minimum temperatures in these tests may be found, and without too
grent an error the rate of germination may be assumed to be the
mean of the maximum and minimum possible rates for each 10-day
period.  Althongh in the 1917 lests no germination appeared above
ground until the twenty-third day, when the temperatures had risen
to 52°-72° it must be assumed that the lower temperatures preced-
ing had had an influence on the vigorous germination appearing
after the twenty-third day. The sum of the influences affecting the
germination ot the first test, for the first 85 days, may be expressed
by the equation—

LIT2+ 1772+ 2.58 + 3'20”"" =69.8 per cent

@=90.41 per cent

In other words, if the principle of doubled activity for each 18°
increase is properly applied to this formn of vegetntive growth, then
in 10 days at a temperature of 40° F. there have really been accom-
plished changes equivalent to the germination of over 9 per cent of
the seed.  The value of @ should also be found the same by consider-
ing the conditions and results of each of the tests. The important
thing is not the absolute value of @ but the frct that as computed
for Table 13, using for each test the gerniination oceurring in 85
days, the value of @ is highest in the test started at a low tempera-
ture and steadily decreases as the low temperatures are departed
from. This docs not in itself give proof of the point on which
information is desired, since, considering only the first 85 days of
the tests, Nos. 1 and 2 each experienced a total temperature range of
about 507, while the later tests went through smaller and smaller
total ranges. Only the comparison of the first and second tests is
valid, therefore, as to the relative values of different temperatures,
but this comparison seems to prove that, at least relative to the
assumptions of the Van't Hoff-Arrhenius principle, the response of
lodgepole pine seed is more vigorous to the lower scale of tempera-
tures. There is scarcely any doubt, both from this and the direct

110505°—80—35
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consideration of the curves of Figure 16, that maximum temperatures
beyond 82° are somewhat inhibitory.

or further clarification of this subject the data obtained in 1922
with fluctuating temperatures and several constant temperatures may
now be considered.

Although the tests were made in 1917 with ledgepole pine seeds
from a Wyoming forest, and those in 1922 with seeds obtained gear
Gunnison, Colo., the germination quantities are evidently of about
the same magnitude in the two periods. TUnder the regular seed-
testing conditions, in 1922, with a mean daily range from 57.2° to
78.1° I., us in test 1, the value of @ for lodgepole pine was 6.44 for
the first 85 days. ‘This, it will be seen, corresponds closely to that
in test 2 in 1917, in which the range of temperatnres in 35 days was
from 42.1° to 92.8°. ‘The mean temperature of the latter was about
2° lower than the temperature of the test in 1922, but the range in
1917 was much greater.

To compare all of the tests in 1922, a period of 35 days is quite
inadequate, becanse in the low-temperature tests germination is just
getting well started in this time and the total effect of the 35-day
exposure is in no sense expressed. (Fig. 16.) While the period of
100 days goes well beyond the crest of germination in the fluctuating-
temperatire test, it is designed to bring out about the highest average
rates in the others.

The values of @ given in Table 15, on the same basis as in Table
13, are thus obtained:

PAbLE 15, —Value of x in five tesls of lodgepole pine seed

Temper- | Germins-| Value of
‘Type ol test ature tion T

°F. Fer cend
Fluctuabing. R m———— 8T, 2-28. B7. 2

Copstant. !{ ey $<
iy } 2,
1s.

2
7
8
¢

1 Far 40 days. 1 For &0 days,

The above values for the 70° F. test are somewhat clouded by the
effect of the change in temperatures at the end of 40 days. If this
test is compared with the 80° test for the 40-day period alone, a
higher value of x for the lower temperature is indicated. At 70°
the value is 1.11 and at 79.7°, 0.77. )

It is thus quite evident that none of the approximately constant
temperatures have the value of regularly fluctuating temperatures
in stimulating lodgepole pine germination, and that a constant tem-

erature in the vicinity of T0° F. is more effective than temperatures
Eigher or lower. Furthermore, the possible conclusion from the 1917
tests that the low temperatures are relatively important is not borne
out when low temperatures are considered alone, and this places the
emphasis on the inhibitory effects of very higll temperatures. A
daily range of temperatures is the important thing, and, apparently,
a range centering around 65° or 70° represents the optimnm.

This result does not fully agree with the results of laboratory tests
in Washington (78), where 1t was found that the fullest and most
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prompt germination of one lot of lodgepole pine seed was obtained
with femperatures ranging between 68° and 25°, or even as high as
77°-95°. With another lot of seed 59° to 86° gave the best results,
The results there shown were somewhat erratic, however, and as the
temperatures reported were probably those of the air rather than of
the soil it is difficult to make comparisons.

Boerker’s findings (4) may be considered as corroborating the
above conclusions. He shows that with fairly optimum greenhouse
temperatures lodgepole pine seed germinated 22 pber cent in half
light, 7.5 per cent in light of 16 per cent intensity, and 3.5 per eent
n light ot 2 per cent intensity. It is believed that these results
reflect to some extent the effect of a greater range of temperatures
in the strouger light.

Harrington (7) has recently shown that some kinds of seed ger-
minate best with alternating and some with constant temperatures,
and that of the latter varieties some lots are favorably affected by
alternating temperatures, which he thinks may be due to incomplete
after ripening. He discards most of the theories as to the effects
produced by aiternating temperatures, being convinced that these are
due to changing conditions rather than to the specific temperntures
reached.

From the facts which have been stated it is readily concluded that
the standard daily temperature range from 57.5° to 77.5°, with such
fluctuations from this as commonly occur, forms almost ideal condi-
tions for lodgepole pine germination. It is no doubt because of
fluctuations which oceur in the greenhouse at infrequent intervals
that even after 60 or 70 days the ungerminated lodgepole pine seed
sometimes receive stimulation.

Douglas fir seeds in the 1917 tests (Table 13}, with only one excep-
tion, gave decreasingly poor results as the temperatures were raised.
The first lot, started at 32°-52° ¥. had practically completed its
vigorous germination hefore the stage of 52°-T2° was passed. The
next three tests germinated rapidly, but with some evident curtal-
ment as & result of the higher temperatures. This leaves little doubt
that heat injury of Douglas fir seeds may occur somewhat sooner
than with lodgepole pine. In 1922 (Table 14) a steady temperature
of T0° gave results practically equal to those attained in the green-
house at 57°-78°. Iven the 58.8° steady temperature was effective,
if slow; whereas the 80° test was prompt, but the total germination
was evidently curtailed. Probably 70° may be taken as nearly an
optimum temperature for Douglas fir, and wide fluctuations as not
necessary. These facts are in agreement with the habit of the species
of germmating in shaded places,

The western yellow pine test (Table 13) that started at the highest
temperature must be taken as the best, both from the standpoint of
promptness and completeness of germination. Although there was
irregularity in the successive tests, In 1922 (Table 14) there is searcely
any difference between the results for 70°, 80°, and 57°-78° F. The
total germinations occurring at 50° and 60°,2 though accruing slowly,
are much higher than was expected with this heat-demanding species.

8 The poor and lrregulnv performance nt 6C* T s due to depredations of mice about
18 days after & promising stacf. Tt waE not thought at the time that an apglreclﬂble
number of seeds had been taken, but only a considerable Insg of germinable geeds from this
chuse can geceunt for the sudden falllng off In germination,
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It is, therefore, evident, that while western yellow pine does not re-
quire large temperature variations it is also not injured by high tem-
peratures, which may be counted on te produce prompt germination.
Probably its optimum temperature is nearer 80° than 70°.

Engelnnn spruce was not considered in 1917, Seeds of this
species from the Uncompabere National Forest, Colo., were used
in the tests of 1922. (Table 14.) Spruce seeds may be counted upon
more than those of any other Rocky Mountain species except Pinus
arigtata, o companion of spruce nt high elevations, to complete ger-
mination in a very short period. In this test, although they did not
mnke a good showing at a temperature of shout 50° I7., at 80° ger-
mination was nearly completed in a short time. The surprising fact
is that spruce germination shows no signs of curtailment by tem.
peratures as high as 80° or by the extremes which may be experi-
enced in the preenhouse with an average range from 57° to 77° F.

In a DLroad comparison with the other species mentioned, the
striking thing about lodgepole pine is the impossibility of bringing
out spontaneous germination of a large part of the seeds by any
means 50 far tried. Iluctuating and reasonably high temperatures
seem to be the necessary means for approaching even remotely this

destderatum,
PROEAZLE ERRORS IN SEED TESTS

In considering the germination data reported in this bulletin it
is well to keep in mind the fact that the mathematical accuracy of
seed tests is not very high. Under the methods which have been de-
scribed, the sources of error may be roughly grouped into three
classes, as follows: (1) The sampling error, (2) the time error due
to variations from the standard heat and moisture conditions, and
(8) the space error due to differences between various parts of the
greenhouse. It is not a simple matter to segregate these factors,
nor is it particularly important to do so. A single term which will
show the probable compensated error from all causes is of greatest
mterest in the present study,

The sampling error may best be approximated by considering the
weights of samples of seeds, each of which is supposed to be repre-
sentative of the same large lot. While variations in weight are not
necessavily followed by corresponding variations in germination,
still the weights show clearly how difficult a matter is true sampling.
Thus 14 samples of 500 lodgepole pine seeds each, counted out with
ordinary care. showed a standard deviation® of 8.45 per cent from
the mean weight, T samples showed a standard deviation of 2.95 per
cent, and another group of 7 samples, a standard deviation of 3.32
per cent. The extreme individual variation among the 28 samples
was 8.2 per cent, On the basis of the 3.32 per cent deviation of the
last group, the probable error of any single sample of the lot is 2.2
per cent. This means that the individual sample is just as likely to
exceed this error as to show a smaller error. The mean of 3 samples

¢ The formulag uzed (IF) are, respectlvely—
el

Standard deviation, r=f

Standnrd or probable
ervor of the individual, ¢=0.6745 &

¢
Probahble 2rror of mean, E=ﬁ
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of this lot should not be in error by more than 1.29 per cent; that of
5 samples, by movre than 1 per cent; and that of 8 samples, by more
than 0.79 per cent.

The time factor is that which may result from inability to main-
tain constant conditions of moisture and heat in the greenhouse.
Without doubt, the variation in the latter is partienlarly influenced
by the oceasional need for using nrtificial heat.

A test made with three related lots of seed, each sown repeatedly
at intervals of about five weeks, from Janunary, 1913, to August,
1914—in all, 14 times—gives some basis for estimating the time
Iactor, The space factor also enters into this result, however, owing
to lack of care in selecting the greenhouse space, for 4 of the tests
in the east end of the greenhouse averaged 62.25 per cent, 2 in the
center 68.95 per cent, and 8 in the west half 5898 per cent, with a
high of 63.6 per cent and a low of 53.1 per cent.  Considering only
the last group, and taking the average of the three Iots tested at
each peried, the standard deviation for cach period is 3.83 per cent
absotute, or 6.3 per cent of the mean germinative capacity, giving a
probable error of about 4.4 per eent in any single test, This error is
(llue mainly to the time fuctor, though the sampling error and the
space crror are only in part compensated,

The space factor is (Lxe both to unequal lighting of the different
parts of the greenhouse, creating a maximum variation of possibly
10 per cent, and to unequal heating of the tills on the north and
south edges of the bench, as compared with those in the center.
Possibly this latitudinal difference is not so much a matfer of excess
heat us of greater diurnal Huctuations on the edges of the bench,
these being likely, as has been shown. to stunulate the germination
of lodgepole pine. It will be recalled that the hench space is five
tills wide. The following average germination was obtained in the
temperature tests of 1917, which have already been described. Two
thousand five hundred lodgepole pine seed were used in each posi-
tion. The figures represent percentage of final germination.
Loeation;

North-edge till
Intermediute il
Cetiter +
Intermedinte riff
South-edge tiil

Average

Standard devintion dge to position (absolute)
Percentage of aversge variation
Probabie errer due to position

By eliminating a single test affecting the second row from the
north, and thus making the average for that row 79.4 per cent, these
percentages are reduced about one-seventh.

The variables affecting any individual seed test are likely to be
in part compensating. In the above-described attempts to define
these three factors sepurately the intention has heen to eliminate
others in part by considering only group averages.

Fourteen lots of seed from different sources were sampled eigh#
times each and sown three of them on April 17, 1914, and the re-
maining five, becuuse of lack of space, 42 days later, The earlier
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sowing was in the easterly part of the greenhouse, while the later
sowing was more generally distributed. In neither period was any
systematic effort made to obtain compensating distribution for the
samples representing each lot. There were at work, then, the sam-
pling factor, the spuce factor, and a small time factor. In Table 16
the variations are shown for 5 of the 1¢ lots, namely the 2 of high-
est permination, 1 ns near average as possible, and the 2 of lowest
ﬁna% germination.

TasLe 16—Vuriations in final germination percentage, single tests of 500 lodge-
pole pine seeds each, 1024

High germing- | Inter- | LOW germins-
tion

mediate tlon Aver-
Tests of elghl sumplings ge{trni- aﬂ:
nation, ratio
Lot 247 | Lot 240 | (1, 0y Lot 238 | Lot 244
Sown Apr. 1T Per cent Per cent, Per centi Per cent) Per cent} Per cent
TSk Acer o caea mmmm e ammm———— T ua. 2 0.4 39.2 VIS0 |eammaaee
A Oy a1.8 7.0 6.8 43.8 X
Test C... - ermee-| HE.D 75.0 66.2 38.0
Hown Moy 24:
T I 0.8 5.8 cl.8 40. 6
Test E. 80.0 5.8 68 .8
I'est F 2.8 B 59.8 30,8
Tost G 4.4 G0, 8 54910 $6. 2
Lest 11 L a5.2 3hA ki
AVEIE . e oo mmmimmmna— e SLBS, Tae0 ] LA 38T

Sum of devinllons .
Stontned devinslon ..o —s

ItaLio standand Jevintion Lo Average.. -
1intto of probubile seyor to the average. .

EETN BT BT L I e
400+ 448 3.4 2

4,808 hIB 5.0l 7.1
3.%0 l 4,17 3,78 4.

1 s test eliminated from Anal ealeulations since {ts devistion s mere then three tines the probabls
errur comipulad befor its exelusion.

There is some indication from the data presented that the probable
error in any single germination test is a larger percentage of the
total germination for seed of poor quality than for seed of good qual-
ity, and it might well be assumed that seed of poor guality is more
difficult to sumple correctly. However, examination of the entire 14
tests from which these 5 have been selected does mot give much
evidence of such a difference.

Considering, then, the average probable error, it may be said that
the chances are even that in a single test of 500 seeds the final ger-
mination at 62 days will be influenced more than 4.2 per cent of its
own eorrect value by variable factors such as have commonly oc-
curred in this work. An average obtained by testing 3 samples should
not be in error more than 2.41 per cent; one of 5 samples, not more
than 1.87 per cent; and one of 8 samples, not more than 1.48 per cent.

Tt should be pointed out, however, that the time element in these
errors represents the sum of compensating errors over a period of 62
days, so that even larger ervors are to be expected if shorter periods
are considered, such, for example, as the germination in 31 days or
the time of the first or the most rapid germination.

CHARACTERISTICS OF GREENHOUSE GERMINATION

THE AVERAGE OR NORMAL RATE OF GERMINATION

As has been pointed out in the discussion of the effect of various
temperatures, the germination of lodgepole pine is comparatwelg
sluggish. The first germination occurs almost as promptly as wit
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other species; that is, within 9 to 10 days of the time of sowing, and
frequently as early as the seventh day. The peak of the germination,
also, comes within a few days alter the beginning. The striking
ifference between lodgepole pine und its associates lies in the fact
that with lodwepole pine a smull resiflue of the germinable seeds
spreads its activity over many weeks.

However, for any practical purpose it will certa.in]ﬂ be safe to
consider as final or capacity germination that which has occurred
up to the end of u 62-day peried. The great majority of the experi-
mental tests have been carried for this period. In considering what,
may be the full potentialities of germination, Figure 17 should be
referred to, the test there represented being comparable with others
that have been run for long periods.

There ure found to Le 413 tests from which the characteristic be-
havior of lodgepole pine seed may be derived, not considering the
late tests in the secd-extraction experiments, of which the results
have alveady been given, and which it is preferable to omit because
they are not needed here and might introduce the factor of age of
the seed.

These 413 germination tests are taken mainly from the extraction
experiments with Medicine Bow, Avrapaho, uncf Gunnison cones, but
also from a number of ordinavy extractions on scattered forests. as
brought tagether for the tield tests of 1914, It is safe to say that as
& whole they present a good average of seed conditions as affected
by extracting processes.

The genernl average germination in Table 17 shows 205,270 seeds
tested and 130,040 germinated in 62 days, or 63.4 per cent average

germination.  Of this total germination, 76.6 per cent occurred in
the first 20 duys and 90.1 per cent in the first 30 days, and about 10
per cent were scattered over the last 32 days, with a very gradual
decrease in rate,

TABLE 17 —Characteristics of lodgepole pine seed germination ¢g shown by tests
fh the greenhouse from 1912 to 1014

AMean | Aver- March of f._e_rmlna-

. Seeds |germi-|  apgs Tinte | Total tion
Coility gronp it'f_‘ﬂ germi- | Dative| timo at at
vated leapae-|  of peuk {peak In20|n30| In 1w

ity | start days | days | daya

i Per 1 Fer | Per | Per | Per | Per

Final germination, 73 per | ber |Number Numberl cend | Days | Day | cent | cent | cent | cent | cent
cent nmel gver, T 0] 43,958 | 45,90 83| 8487 11 1,33 [25.4 ) 84.8 | 84.2| ©7. 4

Final perinination, 66-75 par

cent i) B9, 500 [ 60,213 [ 67,8 9.7 12| 957 |20.0]vro|ons| gso
Fhunl gernio j

HL8IT I 2,410 ) 545 ) 05 121820 217|080 80.6| sua
1 700010142 | 47.6 | 1030 121723165587 |%0.8] oua
P4 005,270 130,000 | A S.48| 12 9.5 )30.2 |76 (00.1] 953
! . H :

! For more rendy comparison of the diferent grudes Lhe percentages of the whole germination ore glven
ratber Lhan the absotute percontnges based o9 nutmber of sted sawn.

EFFECT OF QUALITY OF THE 5EED ON THE GERMINATION RATE

Tf 1t 1s true that the amount of germination occurring in a lmited
period is a better index of practical values than the capacity germi-
nation, then it will be wortli while to observe whether the amount of
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germination in a period of 30 days, for example, bears any constant
ratio to the final germination. It is obvious that for individual tests
this ratio might be considerably affected by germination conditions,
since these can not be kept absolutely uniform from day to day.
Henee the need for considering group averages.

The 418 tests which have just been considered for a general average
have been divided into four groups showing final germination per-
centages of over T3, of 60 to 75, of 45 to €0, and of less than 45,
respectively.  (‘Iable 17.} By expressing the periodic germination
as a proportion of the whele or final germination, compuarison is
greatly facilitated. These comparisons are brought out also in
Figure 18.

The relations between different grades of seed, it will be seen, are
very simple and fairly regular. The lower the percentage of final
germination, the slower the beginning, the later the peak of germi-
nation reached, the lower the peak. and the greater the residue to be
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Parse 18 —Characteristic germination of gifferent grrdes of ludgepole pine seed

distributed over the remminder of the period. The last-named fact
suggests that if the total period were greatly extended the differ-
cnces between grades might be reduced; but 1f the current rates of
cermiination at 50 or 60 days are considered it will be seen that s
longer period would probably add nearly equal numbers of germi-
nable seeds to each group, and hence would not materially alter the
relations of the groups.

Another suggestion from these parallel relations of the groups
is that possibly certain greenhouse conditions may tend to delay the
beginning of germination and thereby cause a Iow final germination.
While this may occasionally be the cause of a poor showing, com-
parison of identical seed lots shows that a delay of several days in the
starting does not necessarily lead to poor final results, and that, gen-
erally speaiting, by the end of the 62-day period each seed lot will
have experienced nearly average conditions,

From the relutions shown to exist between final germination per-
ventage nnd intermediate rates, i must be fairly apparent that a low
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final germination percentage not only means that some of the seeds
have completely lost their vitality and viability but that nearly all of
the seeds have had their vitality reduced. Hence, if absolute vigor
of the individual seeds is an important element in their success under
natural conditions, it may be said that the value of a seed lot decreases
geometrically as the final germination decreases. However, it will
be seen that under certain civcumstances, at least, this suggested valu-
ation does not work out.

EFFECT OF SEED S0URCE ON THE GERMINATION RATE

Early experience in the testing of Douglas fir seeds brought out a
sharp contrast in behuvior Letween seeds from Wyoming and seeds
from Colorado. Wyoming seedlings when planted in the field
proved to be so poorly adapted to existing local c¢limatic conditions
15 to lead to the presumption that the Wyoming form represented a
fairly distinct climatic variety of Douglas fir and that such adapta-
tions as it had developed were reflected in its seed behavior.

It was expected that similar differences would be found with lodge-
pole pine sced, althongh it was early noted and reported by the writer
(¢) that appavently the Wyoming and Colorado sced of lodge-
pele pine differed little in initial vigor of germination.

The most careful study of this subject that it has been possible {o
make brings out n» significant diiferences between lodgepole pine
seeds from Medicine Bow, Arapaho, and Gunnison National Forests
that can be considered characteristic regionul differences. It is,
thercfore, necessary to leave conclusions on this point to be derived
indirectly from the study, in the following section, of the compara-
Live lield and greenhouse behavior of an nssortment of seeds studied
in 1914,

STUDIES OF FIELD AND NURSERY GERMINATION

Before attempting to determine finally what characteristic of ger-
mination may give the best indication of the practical value of a'lot
of seed it will be <lesirable to observe the resuits of parallel tests of
seed in the greenhouse, nursery, and field.

In the spring of 1912, 10 lots of seed of various sources and grades,
which had previously been tested for other purposes, were selected
for field tests.  All of the seed lots were from cones of 1911 collee-
tion, and most of them had received kiln treatinents of about aver-
age character.  Becanse of the lack of a sufficient number of green-
house tests to establish fully the germination characters of these seed
lots, it is impossible to interpret the results of nursery andl fielil
sowings except in o very broad way, and it is, therefore, useless to
report any of the original data. These tests may be said to show
merely that under adverse field conditions seed of low germinative
capacity is almost worthless, while under more moderate conditions,
sich as may obtain in a nursery. the best seed gives results onl
slightly better in proportion. More satisfactory tests were made
two years later,

FIELD AND NURSERY TESTS IN 1914-15

NURSERY TESTE AT FREMONT

Nursery tests conducted at Fremont, beginning with a sowing in
May, 1914, involved 14 lots of sced, 1,000 seeds of each lot being
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sown, the germination being cavefully recorded through both the
current nn({;following growing seasons.

The seed was tested eight times in-the greenhouse, three of these
tests being made in one group and five about a month later. There
15, therefore, assurance of very good average germination figuves.
While the seed for greenhouse tests was being obtained, the seed for
the nursery sowing, as well as that for the field tests deseribed later,
was counted out ab intermediate stuges, thereby greatly reducing the
srebability of material differences between the seed used in the

eld and that tested in the greenhouse.

There seems to be no basis for questioning the results of the work
during 1914-15, except for the discovery, after the work was well
started, that seed lot No. 241 contained a considerable portion of
Engelmann spruce sced. This was probably responsible for the
rapid riate of germination of this lot in the greenhouse, but it is not
seen that the presence of the spruce seed should otherwise affect the
results nppreciably.

The sccond section of Table 18 shows the germination of the seed
in the nursery Ly major stages, Any further analysis of the prog-
ress of germination would probably be useless. The table also brings
out the important comparisons between nursery and greenhouse
germination.

TaprLe 18.—Caomparative study of greenhouse, nursery, and ficld germination of
todgepoie pine sced, 19150131

CGREENHOUSE GERMINATION

I Avernge Avernge | Rotle of Average

Sonree of seed Voapaeity 1 enorgy | energyio
i elnvs) | 31 dnvs) © capacity

1

! Worthrrn Wyomlbng: v Percent | Percent | Per cent

| Urldger. oL B : o4 A2 0. 553
Washakie . ! 3 4.3 LB
Washaklo : A 058.2 L]

Avoruge o 2, ]
! Bvuthorn Wryaming:
f Hawvden
Harden . X .
Medicine Bow . A7 LG4
Moedivlne Bow 34, HLE . B50

Avernge 56, % 5t.. .5

Northern Colomedo:
Colomdo 7 . a. + L0
Armpnlo__ - L 3. LR
Arnupubio i N LHO

Avarnge.. 5. i N Nilh]
Central Colorulo;
Eendlvifle. 3 ! L7

¥ i 967

]
. 861

Avernge 11} T s

All Wroming . L i
Al Jolorade . ] L HE

Average . W 141

11,000 seeds sowa 1o each nursery aod feld lest. ! Partiy Epgeimann spruco seed,




75

PRODUCTION CF LODGEPOLE PINE SELD

TapLe 18.—Comparative shudy of greevhanse, vuargery, and ficld germingtion of
lodgepnle pine sccd, 19013-15—ontinued
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The ratios of total nursery germination to greenhouse average
eapacity, shown in the second section of Table 18, exhibit so little
variation between the quality groups that where a mixture of Colo-
rado and Wyoming lots is invelverd the ratio for any group might
snfely be placed at nbout 0.575. Fowever, the ratio for Wyoming
seed alone can not be placed quite so high, and it is apparent that
on the whole the Wyoming sced is not quite so well adapted to
field germination, at least under the conditions provided in these
toests.

The ratios of nursery permination to the greenhouse cenergy or
germination in 31 days show about the same degree of variation, but
it 15 a little more Jiflicult 1o reconcile the quality groups.  (Fig. 19.)
Tt must be remembered that in this comparison there is greater
opportunily for unexplainable variations in greenhonse germination.
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But the probable reason for the high ratio of nursery to greenhouse
energy germination in the poorest yroup of seed lots lies In the fact,
alrendy demonstrated for lodgepole pine sced in a broad way, that
the poorer seced lots do not adequately express their potentialities in
a short period. In other words, these data make it fairly clear
that where favorable conditions for germination can be maintained
for a long time (in the present tests two years) the nursery germina-
tion to be expected will be more nearly proportionate to the total
apacity of the seed than to any other criterion.

While, in general, the total germination occurring in the two years
is closely proportionate to the capacity of the seed, the percentage
of this germination occurring at any stage is very variable with the
different lots and does not seem to decrense or incrense regularly with
change in the quality of the sced. The striking similurity between
the percentages at different stages of the 2 lots of Gunnison seed,
representing the best and poorest seed of the 14 lots, leads at once
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to the presumption that the source of the seced may have more bear-
ing on its rate of germination in the nursery than does guality.
This similarity is apparent, though not so consistent, in other groups
of sced from common sources. (See lots 242 and 243, 239 and 240,
244 and 245.)

Thus all of the seed lots from Colorado forests produced more than
50 per cent of their nursery germination during the first season,
averaging 66.6 per cent, the 4 lots from central Colorado especially
showing high proportions. The 7 Wyoming lots produced on the
average only 43.6 per cent of their whole germination the first
season. Oniy 2 of the 7 lots of Wyoming sced produced more than
30 per cent. Binee these exceptions were from the sonfhern part
of Wryoming and represented poor greades of seed, it may readily be
assumed that the high percentage is due to deterioration of the secd
and low second-year germination.

If a period is considered in whielh roughly the sume amount of
rermination oceurred in the greenhouse, say 15 days, it is found that
in this period the Colorado seed attuing a considerable lead, amount-
ing to -t per cent of the whole germination—a lead well maintained
antil after the middle of the greenhouse period.

When this short-period germination is compured with that oc-
curring in the nursery in the first year, wide variations in the ratios
appear, as might be expeeted in view of the much greater time ele-
rient in the one set of data than in the other. There is an unmis-
takable tendency toward higher nursery germination of the poorer
seecl lots beeause of this time factor. Lot 248, for example, shows o
very high ratio for a Wyoming seed lot, but on exnmining its record,
in Table 18, it is seen that lot 238 did not accomplish the better hulf
of its germination until the second half of the first season, while all
of the other lots aceomplished more in the first half.

The important jtem, however. is that the consideration of a shorter
period brings ont clenrly the contrast between Wyoming and Colo-
rado seeds. the Wyonming seed showing a slight sluggishness under
the very favarable greenhouse conditions and a more marked slug-
gishness in the nursery, leading to the supposition that under less
favorsble field conditions they might suffer a considerable net loss
through delay.

FIELD TESTS AT THE SOURCES OF SEED LOTS

The behavior of these seeds lots when sown at s common point
makes it possible to interpret more intelligently their behavior when
sown at their respective points of origin. )

The sowings in the field were executed with the greatest uni-
formity possible. in a manner very similur to that of the 1912 feld
sowings at Fremont, and were all made at approximately the same
time climatologically. (PL 3, C.) Even if absolute unifermity of
sowing were possible at a number of points great variations nught
be expected in germination due to the time of oceurrence ot precipi-
tation. variations in soil, ete.. so that only the final mermination can
be of much interest. In the third section of Table 18 these data are
divided by stages as far as scems justified by an examination of the
detniled vecords, which. with one exception, were posted approxi-
mately once cach week through both the first and second seasons.
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Examination of these figures in Table 18 shows that even at the
end of the second season correlation between the actual capacity of
the seed and its performance in the field seems to be lacking. For
example, seed lots of practically the same greenhouse value, sown in
two contizuous northern Wyoming forests, germinated 62, 25, and
9 per cent, respectively. A point worthy of note in the early germi-
nation is that where two seed lots were sown side by side (the
Arapaho, Medicine Bow, and Leadville (pl. 3, B) sowings being of
this l{ind?1 the behavior of the two lots is somewhat similar. Where
two seed lots were sown very close together. but in different soil condi-
tions, us on the Washakic, Hayden, and Gunnison National Forests,
there is much less similarity within the pairs. This naturally leads to
ihe supposition that soil must play a very important paré in germine-
tion. On this point all attempts have failed to correlate the germi-
nation of the individual lots with soil qualities, except to establish a
very brond relution between poor germination un{{ heavy soil, as
measured by the soil’s capillarity or moisture equivalent. The two
Gunnison sowings are striking exceptions and serve to show the
extent to which climatic, as well as soil factors, must influence the
results.

Because of the Iarge number of factors which must have affected
the field germination. the use of group averages must be resorted to
or the possibility of correlation entirely abandoned, Considering
first, in Table 18; the broad comparison in field germination between
all Wyoming and all Colorado secd lots, it is to be noted that the
formet show considerably less germination throughout the first sea-
son, although nt the end of the sccond season the Wyoming sowings
are slightly in the lead. Irregular as are the individual results, this
Lroad relationship can not be overlooked because it signifies the same
quality that was exhibited in the nursery, namely, a tendency of the
more stuggish Wyoming seed as defined by early greenhouse germi-
nation, to delay germination to a much greater extent in the field.
The result is not, however, what was expected, in that the total ger-
mination of the Wyoming seed is not decreased by reason of this
slupgish quality.

Two rather obvious conclusions may be drawn.

Tt must be admitted that the Wyoming field conditions are in
some sense more favorable for the lying over of the seed without
deterioration or destruction in the lying-over period. This ad-
vantage muy possibly arise from somewhat more equable tempera-
tures, which, while failing to stimulate germination, at the same time
result in more equable moisture conditions over long periods, Be
that as it may, the conclusion can now hardly be avoided that the
four regions represented in Table 18 are differcntiated, and that
their elimntic condilions have differentiated the lodgepole pine seeds
whieh ave produced within their confines. On the basis of the final
results in field germination, no line can be drawn between northern
and southern Wyoming, but it ean be quite confidently said that
northern Colorado presents the best field conditions and central
Colorado the least favorable conditions, The sced from central
Colorado shows a tendency in the greenhouse to respond quickly to
favorable conditions, but since it s probable that this adaptation has
not fully developed to meet the unfavorable field conditions it is
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readily scen that this, the southernmost extension of lodgepole pine
in the Roclky Mountains, presents the most dificult situation for
natural reproduction.

On the other hand, if all of the Colorado field tests are compared
with all of the Wyoming tests, the results are essentiaily the same,
about 44 per cent of the possible germination. This leads to the
second important conclusion, numely, that for rating the value of the
seed for use within the region of its source the germinative capacity
in the greenhouse is the best criterion, unless prompt germination
in the field can be shown to be very necessary to success, as, for
example, where rodents are very numerous. Ib is not, however, be-
Iicver{ to be feasible to make allowance for such factors except on the
eround when the seed is sown.

SUMMARY

This bullelin deals with the general gualities of lodgepcle pine
cones and sced ; with two studies of the muss production of seed over
a period of 10 years; with characteristics affecting the opening of
cones by air drying and artificial heat; with the quality, quantity,
and compnrutive costs of seed obtained by different methods; and,
finally, with the germination behavior of frodgepole pine seed under
both greenhouse and field conditions.

PRODUCTION

Lodgepole pine seeds average about 100,000 to the pound, but vary

in size, dryness, and weight between 85000 and 160,000, Seeds of
goxd quality are denoted T}y a black or slightly grayish cclor, brown
being an indication of low vitality due to incomplete development.
The size of the seed does not seem to be important.

The seed production of lodgepole pine in twe localities from 1912
to 19821, inclusive, averaged 320,000 germinable seed per acre-vear
for the central Colorado area and 73,000 for the southern Wyoming
aree, although the Wyoming stand is larger, more open, and better
adapted to seed production. The difference is probably due fo cli-
matic factors which destroy meore young cone flowers in the Wyo-
ming area, and particularly to freezing in the early summer.

The production of seed b lodgepcﬁe pine is apparently greater
than the production of seed ?;y western yellow pine and Douglas fir
in the Rocky Mountain region, and complete crop failures are fewer,
but the numbers are of the same order of magnitude for all species.
One area of Engelmann spruce has exceeded the better figure for
ledgepole pine,

ne of the greatest aids to the natural reproduction of lodgepole
pine is the refention on the tree of unopened cones equivalent to
three or four average yearly crops, which, in the event of fire, re-
lense an accumulated supply of seeds to fall on ground cleared of
other vegetation. Old cones should, however, never be gathered
unless in prime condition, for they are difficult to open and give
very low yields of seeds in various stages of deterioration. The re-
tention of cones by trees apparently results in part from crowding in
the stend and to some extent from the poorver quality of the soil.




80  TECHNIOAL BULLETIN 191, U. S. DEPT. OF AGRICULTURE

When trees growing ir the open show a decided tendency to retain
their cones it may in ali pl'oLnbility be ascribed to an unfavorable
sotl.  (/2.)

The production of seeds by lodgepole pine in a given locality is
not periodic in the sense that a good crop weakens the tree and is
therefore followed by one or more poor crops. The production in
uny year appears to depend largely on the occurrence or absence of
low temnperatures in the previous year when the cone flowers
emerged. Also, other climatic factors may affect the crop in its later
development. In general the species may be expected to decrense in
fecundity at high elevations where freezes occur throughout the
year, but there is yet no divect evidence on this.

As is conmmon in the forest, dominant targe-crowned trees produce
the largest sced crops. but not necessarily any better seed than that
from smuller trees. In a compuratively open stand like that on the
Medicine Bow Natioval Forest there are nsually faivly full-erowned
trees which rank only as intermediate or oppressed in height but
which are capable of hearing some seed and probably of improving
materially after the stand is opened up by cutting.” These arve the
trees which may be lett, both from the standpoint of seed production
and growth potentialitics.

The application of these fucts is more important in seed collecting
for reforestation purposes than in forest management. In the cut-
ting of lodgepole pine by any system the aim must be not to encour-
age too much reproduction, as this would give stagnated stands at
an early nge. It is diflicult to conceive of conditions in which there
will not be ample seed for the necessary reproduction, if both old
cones and possible future crops are intelligently utilized.

EXTRACTION

Experiments in seed extracting started in 1912 and in 1914 smployed
kilns in the form of a hotlow column, The cones were placed in
single layers on trays within the kiln, through which a steady cur-
rent of hot air rose by nutural forces. The Tapid opening of cones
by this treatment showed that the essential requirement of extract-
ing is to bring a supply of dry uir steadily to each cone through free
movement of the air corrent. ligh temperature without sufficient
air cirewlation for effective drying represents an entirely erroneous
conception of the objectives of artificial treatment,

Every consideration points to the desirability of small and simple
extracting plants rather than large ones complicated by much
machinery,

In air drying a large part of the moisture in the vones is lost in
the first few months, but slow drying may coniinue for 15 months.
When permitted to air dry nnder moderate conditions many well-
developed cones Legin to open almost immediately. The failure of
cones to open under such conditions must be taken as evidence of
incomplete development. }

Cones from a siliccous soil (Medicine Bow) dried more guickly,
to a lower point. and with much wider opening of the scales than
cones from a limestone soil which were less perfectly developed.

Analysis of volume expansion of the cones indicates that opening
under artificial treatment is the dirvect result of loss of water. The
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amount of water lost is the important thing; the rate is of less
importance. Cones which have air-dried for a long time without
opening must, becanse of their low water content, be brought to a
very dry condition to produce the necessary change; and it is in
creating this dry condition, through low relative humidity of the
surrounding atmesphere, that high temperatures are effective and
necessary.

In the successive extractions of 1912-13 the best yields of seed
were obtained {rom the freshest cones, and there is reason for believ-
ing that the cone opening is most complete at this stage. These
cones, however, had had considerable opportunity for air dryin
before the fivst artificial treatment. Judged both by the quantity ang
quality of sced obtained, an extracting temperature not exceeding
140° V. is indicated for fresh cones, wheress, when the cones become
decidedly dry, a temperature of 170° may be used safely and more
cilectively. In these tests about 40 per cent of the sced became avail-
able by air drying alone after about 19 months, but, except in the
early stages, the sced so obtained were not superior in germinative
capacity to the sced obtained after kiln drying the cones. Later,
the free sved were probably affected slightly by molding.

In the successive extractions of 1914-15 the Medicine Bow cones,
which were very green at the outset, yiclded the poorest seed from
the first extraction, and the Gunnison cones, although somewhat
drier, also yiclded poor seed ut this stage, showing, with the quali-
fied results for Arapaho cones, that extraction from very green cones
1s not. at all desirable. When all the results are considered it is seen
thf&t fou]r to six months of moderate air drying gives the best yields
and quality.

Or‘it the busis of the averages of germination tests made imme-
diately after extractions and up to two years after the cone col-
lections, the seed from moderately air-dried Arapaho cones showed
little difference in germination as a result of different extracting
temperatures. Starting with very green cones from the Medicine
Bow, in the first extraction a temperature of 170° F. was most effec-
tive and beneficial, apparently becanse the seeds needed to be dried,
but, as a whole, the 140° extractions gave the best results. With
drier cones from the Gunnison, which apparently give up their
water less readily, a temperature of 170° gave by far the highest
yields, slightly inferior germination, and slightly the best yields of
germinable seeds. After prolonged air drying a temperature even of
200° gave very satisfactory results.

Much indirect and direct evidence points to the fact that lodge-
pole pine seeds are not matare at the end of their second season’s
growth, and hence are benefited by artificial heat and to some extent,
at least by the removal of moisture. The most direct evidence was
obtained by drying seed for four hours at 170° F. after they had
been removed from the cones by the regular treatments. The most
marked benefit was noted with the seed from the cxtractions of
green Medicine Bow cones, which without this drying apparently
contained too much moisture to keep in the best ot condition. With
most seed, however, the heat required for ordinarily effcient extrac-
tion has an immediate effect in high germinative vigor; ir only a

110506°—30——6
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few instances is any deterioration of the seed plainly traceable to
the effects of high ten:peratures,

All of the evidence points to the conclusion that the best tempera-
ture for cone treatment, from the standpoint of net yields of ger-
minable seed, is that temperature which, with free air circulation
and after the sced has had four to six months of preliminary drying,
will produce a complete opening ot the cones in not more than six
to eight hours. The drier the cones hecome before this treatment
the higher must the temperature be. The two objectives in any
treatment of lodgepole pine concs must be, first, to accomplish the
drying and ripening of the seed, which apparently proceeds either
in a naturally warm building through a period of several months or
in an artificially heated kiln'in 2 much shorter period; secondly, to
apply such artificial treatment as will cause the reasonably rapid
drying of the scales of those cones which are least perfectly devel-
oped and Iack * life.”

Theoretically, the process of opening concs by artificial heat is,
first, one of evaporating the freer moisture and perhaps some vola-
tile oils contnined in them; then a process of extracting the unfree
moisture which is held by the ccll walls and cell contents; finally, the
energy of artificia’ heat is almost certainly consumed in producing
chemical changes in the sceds and probably also in the cones, corre-
sponding to ripening processes which occur in fruits, twigs, etc., In
sunlight. There is no direct basis for measuring the last item of
consumption, but it appears to be a large one,

Because of the secondary uses described, the amount of heat re-
quired to open cones does not decrease in proportion to the duration
of preliminary air drying. Nevertheless, air drying for several
months, with a loss of perhaps one-half the original moisture of the
cones, effects a very considerable saving in heat use. Beyond this
point air drying does not have much effect, but should possibly be
continued under certain circumstances because of other economies
incident to conducting the extracting operations in warmer weather.
By partially drying the cones before artificial treatment the effective
capacity of any drying kilns should be increased, since the dry cones
will less readily cool and saturate the air eurrent. In addition, the
fact that some of the cones are partially opened makes it possible to
force an air current through larger masses of them.

A fact which is not easily comprehended by persons unfamiliar
with physical principles is that the drying process really uses up
the heat and by cooling the air decreases its eapacity to take up
moisture. It s for this reason that to produce prompt opening a
fresh current of warm air must constantly come in contact with the
cones. A bushel of fresh green cones may utilize about 20,000 B. . u.
of heat; after a year’s air drying this requirement will be reduced
to about 6,000 B. t. u., this unit being the amount of heat required
to raise a pound of water 1° F. The larger amount will be repre-
sented by the heat given off in cooling about 28,000 cubic feet of air *
by = change of 50°, or, if this is represented by an 8-hour process,
agout; 60 cubic feet of air should be supplied each minute for each

bushel of cones. In addition to the heat actually utilized, it may be
expected that in any ordinary kiln as much or more will he lost by

 Computad for mountain conditions, barometer 22 inches.
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radiation from the walls, so that the current of air will emerge from
the Iiln about 100° cooler than when it entered.

GERMINATION

The method of germination tests is considered to have an impor-
tant bearing on the germination values of seed and on the statistical
value of the information obtained fir seed production, extracting
methods, and comparative germination in the field. The essentials
of the stundard method attained sre as follows: A medium of sand
having a desirable acid reaction; seed covered with one-fourth of an
inch -7 sand; moisture not closcly controlled, but ranging between
6 and 10 per cent; temperatures controlled in an attenpt to attain
each day 2 minimum of 57° F. and a maximum of 83° at the depth
of the seed.

Fluctnating temperatures are shown to be highly stimulating to
lodgepole pine and to bring out the greatest germination. The opti-
mum basic tempergture is about 70° . Other species considered
tlso benefit by the fluctuating temperature, but are not so markedly
dependent on it.

The relatively sluggish character of lodgepole pine germination is
shown by the fact that under the best conditions obtained in g series
of temperature tests 41 days were required to produce 80 per cent
of the total germination of lodgepole pine seed, as compared with 11
days for western yellow pine seed, 11 days for Donglas fir seed, 10
days for Engelmann spruce seed, and 8 days for bristlecone pine
seed, all from Colorade sonrces. This, however, is considerably

slower than the usual germination of lodgepole pine seed.

It has not been possible to eliminate errors or variations to the
extent that a single germination test can be relied upon for great
accuracy. The sampling error alone is f{)robably 2.2 per cent for

any single sample, and factors which affect the final germination
make the probuble ervor of the result about 4 per cent of the true
germination value. These crrors are greatly reduced by using the
average of a number of tests.

Considering the final or capacity germination, or that occurring
mn a period of 62 days, the averages of 418 greenhouse tests show
that the various grades of seed may be distinguished not only by
their total germinations but by their relative behavior at earlier
periods. The better seed germinates more quickly, reaches a higher
and earlier crest, and leaves & smaller proportional residue to be
scattered over the later period. These qualities give the theoretical
basis for differentiating the grades even more sharply by their ger-
mination in a limited periocﬁ on the theory that if germination in
the field does not occur promptly it will not occur af all. But the
field tests do not indicate that high germinative energy is particu-
larly important except under decidedly adverse conditions, Else-
where field germination is about proportionate to total capacity,
except for secds which have possibly been decisively injured and
have a germinative capacity of less than 50 per cent. It is probable
that sound lodgepole pine seed can lie on the ground or in the soil
for long periods without sorious deterioration, retaining the ability
to germinate when it receives the proper stimulus. Scarcely more .
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than 75 per cent of the capacity germination of lodgepole pine can
ba expected even under ideal nursery conditions.

Although in various other comparisons there have been indications
that Gunnison seed germinates a little more vigorously in the early
stages than seed of more northerly origin, a selected group fromn each
of three regions whose extraction histories were well known and simi-
lar brings out no clear differences between any one group and the
average or normsl for seed of the same quality.

Nevertheless, preliminary to the field tests of 1914, euch seed lot
was so fully tested in the greenheuse as to bring out clearly its char-
acteristics, and it was shown that Wyoming seced lots, which at 15 or
20 days in the greenhouse were ¢ per cent behind an equal number of
Colorado lots, at the end of the firat senson in the nursery showed a
corresponding retacdation. Wyoming lots completed but 44 pevr
cent of their total germination the first year, while Colorado seed
completed 67 per cent. This performance appears to be more defi-
nitely related to sources than to seed qualities, as indicated by total
greenhouse germination,

Wyoming seed, when sown in its native habitat, made quite as good
2 showing atter two years as Colorado seed sown at its source, indi-
cating that lodgepole pine seed are to a slight extent adapted to cer-
tain conditions under which they have grown. Conditions pre-
vailing in southern Wyoming in 1914 seem to have been especially
conducive to lying over of the sced, yet the eventual germination was
better than the average for all localities. Northern Colorado, best
represented by the Arapaho National Forest, seems to have very
favorable conditions for seed germination, while west-central Colo-
rado, approaching the southern limit of lodgepole pine in the Rockies,
has the least favorable field conditions, and the seed from this source
shows the most spontaneous germination when conclitions for ger-
mination are fauvorable.

The lesson to be taken from this study of germination is that no
arbitrary basis for rating seed values is neede('f, for in any field work
a great deal of judgment will be required to rate the conditions which
will affect germination and seed loss, and precise measures will be
useless. The most important item in seed use is to have seed fully
adapted to local conditions in so far as nature has developed any
adaptations. The seed should be taken from the locality in which
it, is expected the seeding will be done or the nursery stock planted.




APPENDIX
A MODEL SEED-EXTRACTING PLANT FOR LODGEPOLE PINE CONES

The ldeal secd-extracting plantg for most purposes is gne of relatively small
capacity, of very simple design, involving no mechanisms which can nst be kept
in order by the aveenge workpan, amd embodying the principie of rapid drying
by a current of hot air rising Ly patural draft through o fuelike kiln,

From cxpericnce whh todgepole pine seed extruction and the covidence from
Innamerable germination tests, it appears that certain prineiples should be
followod in the coustruction of auny seed-extracting plant using artificial hent.
With proper ndjustmrent of temperatures, these principles should apply equnlly
well to cones of sll speeies, They huve alrendy been applied successfully In
the treatmoent of western yellow, Norway, and jack pine cones,

The bushe privciple of seed extraetion by artifieinl beat is to dry the cones,
rather thun merely to beat them. This ean only be nccomplished where warm,
dry nir moves freely about ecach cone and is supplied in sufficient volume to
earry ofl and vopinee the uir so cooiwl or moisture iaden as to be no longer
effective for drying. Henee, the heating capacity of auny given piant must he
adjusted carefully to the volume of cones to be treifed in any one charge.

FFor lodgepole pine coucs the wmost efficient temperafure is ondoubtedly be-
tween 140° and 170° F, This is not g tempernture which the cones will ordi-
narily attnin to, bui the temperatare of the air where it is introduced inta the
Kili und first sirikes fhe cones. The higher temperature—I170°—is very eifec-
tive; it caoses no immedinte injury, and only slight deterioration of tho seed
s poreeptible through & period of several years' stormge, except possibly when
Yery groen cones ate treated, For orbev speeles, however, until more is known
of them, somewlat iower maxima should be adhered to, forcing the drying
rather by good vertilufion than by exeessive tomporatures.

The process of rimoving wiater from the cones must be accomplished in g
repsonnidy short time if the cones are to be opened satisfactorily. If move
thain eight hours arve required for kiin drying the process is inefiicient, Lodge-
pole pite cones may be dried so slowly that when they ave Liter subjected to
a high temperatuve they do not contain sufficient moisture to show any “life”
Hence, prelindnary alr dryivy siould not go too far, It is possible, however,
that such cones us those of white pine, of which both the cones and seed appear
to contain much witer, must be dried more slewly than lodgepole pine. Little
i:i; known of the effect of artificial hent on the germination of seed of that
olags,

Since fresh green cones kiln dry more readily than cones already partly
dried, they cun be exposed first tp nir which bhas been partly cooled and
moistened by passing over other, drier cones, and may later he moved toward
the current coining directly frow the furnace, This reguirement cails for
arrangements for moving the cones usually from the top toward the bottom of
the kiln by vegular stagoes,

Since degroe of dvying is the important thing in atfaiping the mechanical
effect on the cone scales, the greutest efficiency will be attained only with a
reasonably high tempersture whiceh eauses n low rvelative humidity, but this
must be combined with free and rapid movewent of the air,

As drying proceeds and cone temperatures approach that of the air, there iz
increasing tendency for the seeds to become heated and to be dried. In nrder
to avert excessive heating with species which are not benefiffed by it™ the
seed shouwld be shakKen from the cones ot frequent intervals as the cones open
and removed to o coot container. If fhe larger part of the seed is removed
from the kiln as soon as released, then one may with less hesitancey use a
higher temperature on the rest of the cones,

ESSENTIALS OF THE KILN

The kiln walls shionld be woll insulated so that the heat of the air current
may be used up in evaporiting water, not in rodiating into tbe room,

U Seods {rom frosh Indgepole pine cones are apparently benefited by considerable drying
but sfter alr seasoniug of the cotes this Decones BRUCCES3UTY.
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The air current must be compelled to move over and around each cone, not
merely over n mass of comes, imd must be given no opportunity te escape
wlthout coming iuto contuet with them. At the same time the alr current
must not be too severely choked back by having little spoce between the cones,
else it will move too slowly nnd become too moist to dry them effectively. All
of these conditions nre most simply and naturally met in a vertical kilp, in
which the frays, covered on the bottom with coarse wire cloth, fit close inslde
the walls of the kiln. In each tray shouild be spread a single layor of cones,
To remove the seed from the cones frequently enongh fo avoid any possible
injury from the heat some formn of ngitation must be used.

A MANUALLY OPERATED KILN

The following speelfications are for g simple, manual, 1-man equlpment, very
slmilar te thut of the experimental kilu previously described. Sueh a kiln has
a cepacity of 15 bushels or more euch 8-hour day, and may be built without any
considerable Initinl outlay or operating expense.

The trays for the proposed kiln arve 30 in number, set up in two stacks of 15
each, which are reuched by opening the doors on the two opposite sides of the
kiln. (Fig. 17.) As the stucks extend unly 7 feet abova the floor, the highest
trays may be renched from o movable step 1 or 2 feet high,

Ench tray is 4 feet long and 2 feet wide (these dimensions facilitating han-
dling by ene manj, and is expected to hold approximately one-half bushel of
cones.  The siles and baek ewnd of the tray nre 2 inches high, the front fnce
4 inches, The trays rest on cleits 2 inches high running through the kiln from
side to side. The height or depth of these cleats muy be diminished {n order to
permit thin strips fo be nailed un the Dottoins of the trays after the hurdware
cloth has been tacked on, The faces of the trays should fit together sougly,
und n cleat shoukl close the gap between the lowest trny and the doors. The
outer doors will, of course, prevent the complete escape of such air as lenks
out hetween the trays.

In operation, the fresher cones ure placed on the top trays of the stack, Even
If all trays are tilled wirh fresh ecues, those on the bottom trays will be
opened first, and, nfter several hours, one or two of these trays may be removed,
and the cones dumped on & scveen. DBut first, working from the top down, each
tray should he shaken moderately, the cones sprend evenly apain if they have
punched, and the tray pushed back in place. This process brings all the lcose
seed to the bottom of the kiln, where titey wiil £nll on the floor. As trays are
removed from the bottom, eich of those nbove may then be moved down ac-
cordingly. Finally, the empty trays should be replaced at the top and guickly
filled with fresh cones.

After thig, the process of shaking the trays to liberate the seeds, removing
the bottom trays on which the copes are opened, nnd moving all the others
down, becomes an intermittent one to be repeated st least once each hour. It
gneg without saying that at the initiotion of one of these contibuous kiln runs,
before the cones on the lowest trays are ready to be removed, all of the trays
shonl? be shaken several times.

The two stucks of drawers in the kiln should be operated independently
ginte they may not proceed evenly, partieularly if, &g in so many furnace-
beated houses, there is a tendency for the air current te ¢ling to one side or
the other of the kiln.

Further details of construction and operation are pot so much matters of
principles ns of practicability and convenience.

HEIGHT, DRAFT, AND GENERAL EFFICIENCY OF THE KILN

Lenving the top of the kiln wide open is a great convenience in filling the
empty traye moved up from the bhottom and in itself interferes in no way with
the drying of the cones, Unless, however, the Turnace Las been arranged to
druw cold air dirvectly from out of doors, vertilation in the roof above the
kiin should be provided to prevent the warm, moist air from reentering the
kiln and to promote working comtort in the roum,

Toeo small an air cavrent passing upward through the Liln is anpt to resulc
in the inelfective use of the henting capucity of the furnace and a dangerous
tempernture in the bottem of the k'ln. In the light of principles here estab-
lished it muy confidently be sald that it s safer and Detter to draw much air
through the kilu at o moderate temperature than little at a high temperature.
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In this situation the full eapacity of the furnace weay best be utilized by inereas-
Ing the height of the kiln sufficient!y or enpping it “with n sufficiently large Hue
go that it will draw the hot air awuy from the furnace more powerfully, increuse
the current, and thos inwer e temperature at the point of eatrance, This is an
important point in the efliciency of the plant.

The questlon as to whether the eaphacity of the kiln may be inecreased by
wndding more teays ok the top need not he snswered arbitrarily. In the initial
construction of g kiln according to this plan it would secm the part of wisdom
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to go build the walls that thelr height conid be readily increared. Assuming
that the kiln itzelf Las been built high encngh so that the air cowes from the
furngce with n strong draft ond ut n safe temperature, the air at the top of
the kiln may be examined te deterinine whether its heat has been utilized
to n reasonable degree. This, ns has been pointed cut, i3 not to he gauged by
the temperniure of the air o much ag lts moisture vontent ov relutive humidity.
A wet-nid-dey-bulb psyehirometer hold in the current of air above the cones
{not in conkiet with them) for about five minutes should show a wet-bulb
temperature nt leust 5°-10° ¥. below that of the dry bulb te Indicate oy
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turther effeciiveness. I there Is not this muelr difference, it mweans that the
nir is alvendy se nenrly saturiated with wolsture that it caw pot be of mueh use
for furilier drying,

It oveusionally the dealr from the furiee is unusually stroug, so that the
alr iz leaving the Lkiln still qQuite warm, the trays should be loaded tnore
heavily ; the wdditionnl cones will not oniv use more of the Leat hut will also
choke doewn the dife. Thus it is scen thit with Hhe iden of full utilization of
the hent wiwayy int mind the eperator nay to u considerable extent adjust the
nrocess to eircoistuners,

HOT-AIR INTAKE AND SEED SPACE

Ihe kiln 1s shown in figure 17 as resting on 1he floor immedlately above the
farnnce, with the hot eir cening tirough the tlooy directly below the stack of
lrays. A melal flue rises 6 to 8 inches nbove the floar, and this is enpped by u
cong or hemisphere of ly screen, su that seeds dropping from the trays can
not full throngh to the furnace. here will, of course, be a stroug tendency for
the current of gir to curry secds gnd ehalt awiy Lrom the sereen.

This arrangement diveetly over (he farndace is obvionsly ideal in heating
efticiency, but perhaps iucroases the firp danger and nwy overheat the sewd
clutmber,  If the Hoor vver the farnree beeomes very hot it must be well
insulnted from contact with the top of the furmiee. Even then, frequoent Te-
movil of Lhe seeds may be necessary to nrevent overheating,  On the other hand,
were the kiln farther vetoved from (he furnaes nnd the hot air Lrought to it
in o duet whicl opened inlo {he side wall of the kiln above the flonr, the flour
itsolf wonld he relatively egel ol the seed would need be removed less fre-
quently.  Sael a flue should hove ot Ieast one-thirgd of the erass section of the
kiln itself. s shovld any tlne placed nt (he topr to enrry olf the moist aiv, The
Usidvantnge af (his aremngement may be that ir sumetinws inakes oue side of
the kiln woueh hoteer than the oiher.

GENERAL NEED OF INSULATION

Cuder ordivary conditions 2 kiln constrocted of wood is far preferable to
une ol iron becyuse less skill is reguired to do rensonably gond fitting in the
original construetion, nnd repairs and changes are more ccadily made. The
plan deserlbed is intended for a wooden Xiln, but yet 19 entirely susceptible to
adaptation to metnl construetion,

Wood is ¢ Calrly sood noneondoctor of heaf, but for economy additional
lining should be provided. No dithiculty would be experienced, under the pro-
posed plun, 1o liuing the woed kiln with beavy sheet nsbestas, wileli would be
slightly effective against fire and would ulso prevent exeessive deying of the
wood.  The fray eleats should be nailed on over tlie dsbestos, and the Iatter
should he protected from wear by the trays., by placing tin flasbing in the
angles Lormed hy the upper surfaces of the cleats aud the walls, This would
algo Le worth wihile (o reduee Erietion.

However, the wost inflammable thing about the kiln is its content of dry
cones, and no ameunt of enre in constuction ean prevent g fire if the furnice
becomes so serlously defective as to allow flame or sparks to enter the hot-air
current of the furnace. The preeautions to be taken are tnainly those against
tire in the furnace room. The fue| supply should be in 4 ronm sepurated from
the furnace by n fireproof door which is always closed except when there ic an
attendant at the furniee. The ceillng above the furnnee should, of conrse, be
completely insulatol with heavy sheet asbestos. If the furnace room is kept
free of inflimmable mnterial and concrete construction is used in ‘the floors
and walls, ordivary care at all times should nrevent fire,

FINAL TREATMENT OF CONES

Under o systene in which the comes are aritated rather frequently while
opening, there will be very little seed left in them when the drying process is
completed, or af any rtate not enough to require any loog, or very thorough
shaking of the cones. In Figure 20 is shown g wide, zervened trough of sloping
sreps down which the cones may be brushed and beaten with any convehient
tool. Probably the hand beating ruther than the stepss In the sersen should be
depended upon most to loosen the seed, Gradually, however, the zones shonld
be worked down the screen to drop Iuto a convenlent receptacle or if possible
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fivectly into the fuel roow, The need for sdditicunl shaking or benting could
easily be determined alter noting the amount of seed coming vut of the cones in

the Tuel yogm.
A MECHANICAL KILN

The very simple mechanienl play suggesied in Figure 21 s in every principte
the =ame ss the muannnl ptnn, bur pravides or meving sereens to hold the
coney, instend of trays to be shalken wwl HEted up and down. Onee the cones
haye rotled or been shoveled onto the top sereen, they are moved {irst in one
livection nwndl then (mmbled to the next sereen below and moved in the oppo-
site dircetion, by means of a windlass-driven chain eonuceted with gewrs on
one roller of ench pair,  The ralte of moevement 1s determined by the conplete
opening of the cones on the lowest Sereen,
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The serecns ghould he of copper, sinee iron-hurdware cloih will not stand con-
tinucus bending, sl should be conps=e enough to permit seeds to fall through.
The rollers should be at least 4 inehes in <dinmeter,  Probably the dropping
{from one tray io e next witl provide suflivient beating to relegnse most of the
sped as the cones open,

CONE-DRYING SHEDS

The dnta reported in this bulletin indicale that wh species whieh ordinarily
apen in the sun and even with selected comes of lodzepole pine, the use of
artificin] beat is unnecessticy, aud by proper arcangements for air deying the
need for extracting plunts conld Inrgely be obviated. At least this should be
the ease where the fall and winter wea. her is charncterized by dry atmmosphere
and a high percentnge of sunshine,

Large cribs or bins such ns that shown in Plate 3, A, although desirable for
storage or preliminaey drying, ave not conducive to the opening of the cones
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except those I the topmost Inyer, The cone-drying shed should be built like
un open cowsbed, high at the south side, and with n comparatively low north
wall. The questiuon whether the south side shonld be closcd by streen or lefr
vntively open, as well as gther features of the constructicn, should be decided
by the prevadence of rodents nnd an estlmate of the umount of damage they
nuy do,

Within the shed the essentinl fenture s tier after tier of truys. These may
bhe constructed of 1 by G or 1 hy 8 boards, with boltomsg of hardwuare cloth
tor strength il conrse mustin to retain the seeds, or hurdware cloth muy be
used wlone and the seed atlowed to drop through: all the trayvs to a spocial tray
near the floor. The advantage of the latter plan s that it permits the best
bussible ventllation thwongh the eones. For farge-secded species fiy sereon sup-
ported by one ov bwe longitudingl ribs would be prefernhie,

The trays will hold 1 bushel to ench 3 sgquare feet if spread § inches deep,
which wenid pesmit nearly 106 per cont expansivn withoat overflowing nn
Rinch wall, Thevelore o tray 3 by 6 feet will hoid 6 bushels, and if six trayvs
are placed one above ancther at Intervals of u foot, leaving 4-inch spoces
between them for ventiiation, a floor space 3.2 by 8 feol will neeommodnte 36
hushels. The reof should project at the frout 2 or 3 feet heyond the rays, s0
thut they witl vot usnully be wel during storms, A loteral space of 2 or 4
lnches hotween trays should be sllowed for the uprights, to which supporting
clents will be attuched, uad for ventilubion avound fhe trays.

Onr fhls basls n shed of 6 by 90 feet floor spuce nnd 10 by 90 feet yvoof
sheald aecommodate 1,000 bhushels of cones. The slmple constraction possible,
the climiuntion of a great denl of lubor in repeated handling of the cones, and
the pogsibility of teaving ihe threshing of the cones to the most convenient
seasont shotdd reconimend drying shods, where peacticabie, in preferetice fo heat-
Ing plants of prenter inltial cost and complexity, whick also are all too fre-
quently destroyed hy fire,
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