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FOREWORD

HESE studies were made possible largely.as a result of cooperation

between the School of Forestry of Yale University and the Appa-
lachian Forest Experiment Station of the Forest Service, U.S. Department
of Agriculture. The initial studies were undertaken at the Appalachian
Station and were later continued at Yale University as a result of sub-
stantial assistance received from a fellowship under the Forest Produc-
tion Research Endowment of the Vale School of Forestry. The original
manuscript was submitted as a dissertation in partial fulfillment of the
requirements for the degree of Doctor of Philosophy.

The writer wishes to acknowledge his gratitude to all who have co-
operated in these studies. He desires to record his sincere appreciation
of the many helpful and constructive suggestions received from Dr. J. W.
Tourney, Morris K. Jesup Professor of Silviculture in the School of
Forestry at Yale, and from Mr. E. H. Frothingham, Director of the
Appalachian Forest Experiment Station, Asheville, N. C. Kindly counsel
and assistance were aso received from the members of the Botany Depart-
ment at Yale. The writer is under particular obligation to Dr. E. M.
Bailey, Chemist of the Connecticut Agricultural Experiment Station, for
the chemical analyses of the oak seeds; to Mr. Robert W. Griffith, Ex-
tract Sales Manager of the Champion Fibre Company, Canton, N. C., for
the tannin-content determinations; to Mr. W. J. Damtoft, Forester of the
same company, for the use of a portion of their forest nursery; to Mrs.
Catherine D. Korstian for making the drawings for Figures 1, 2, 3, 6, and
21; and to Mr. J. P. Adams, Consulting Pathologist, Asheville, N. C., and
Dr. H. W. Haggard, Assistant Professor of Applied Physiology at Yale,
for laboratory facilities.

This publication as a bulletin of the School of Forestry was made pos-
sible by contributions from: G. F. Schwartz, Scarsdale, New York; J. J.
Levison, Sea Cliff, Long Island, New York; James L. Goodwin, Hart-
ford, Connecticut; E. L. Ryerson,Chicago, lllinois; George H. Myers,
Washington, D. C.; and The Manhattan Research Foundation, New Y ork
City.






FACTORS CONTROLLING GERMINATION
AND EARLY SURVIVAL IN OAKS

INTRODUCTION

HERE is little information available upon the seed and seedling
T characteristics of the American oaks. Among the fundamental prob-
lems in American silviculture, those which relate to seed efficiency are
especially important. The future productiveness of the hardwood forests
in which chestnut has been an important-element rests largely upon seed
and sprout efficiency. Seed efficiency is governed by (1) seed production,
(2) seed distribution, and (3) the factors affecting the reproductive value
of the seed, such as viability, storage of seed in the litter of the forest
floor, and destruction by insects and rodents.

Recent studies by the Appalachian and Northeastern Forest Experiment
Stations indicate that the chestnut is being replaced largely by stands
funning heavily to various species of oak (Korstian and Stickel, 1927).
Other studies by Leffelman and Hawley (1925) emphasize the fact that
the future stands on many typical hardwood lands in southern New Eng-
land promise to be predominantly oak and that among the oaks, redoak!
and chestnut oak will be prominent; the former -particularly on"the better
sites because of rapid growth, and the latter on the poorer sites because of
abundance and of inherent adaptation to these sites. ,Silviculturists recog-
nize that seedlings are the most desirable elements in a stand and Where
sprouts are considered those from seedlings are more desirable than sprouts
from older trees because of their greater freedom from decay and better
root -systems. Such-facts, together with the outstanding economic impor-
tance of the oaks, emphasize the need for thorough investigations of the
reproduction of these species.

It has been commonly observed that in nature the white oaks usually
germinate in the autumn with heavy losses resulting under certain
lions and that the acorns of the black oaks usually do not germinate
spring. Therelation of this to restocking efficiency, however, is wholly a

1 The nomenclature of the American oaks.throughout this bulletin follows that
of Sudworth (1927). Seelist of common and scientific names on page 1og.
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GERMINATION AND SURVIVAL IN OAKS

matter of surmise. Among the specific points which should be investigated
in connection with the general problem of oak regeneration are the ways
in which seed is best stored over winter, both in nature and artificialy,
the conditions responsible, in nature, for success or failure of gennina-
tion, and methods of securing prompt spring germination. It is evident,
therefore, that such investigations should give results of fundamental value
in the solution of the silvicultural problems of both natural reproduction
and artificial seeding and planting of the oaks.

HISTORICAL REVIEW

HE artificial establishment of forests in Germany in the fourteenth
century stimulated an Interest In seed storage, and methods of
storing were devised. Many of these methods were forgotten. Others \vere
handed down traditionally to succeeding generations.Schwappach (1913)
states that as early as the sixteenth century the method of preserving
acorns and beechnuts in sand was practiced. Moser (1757) gives precise
instructions as to the storage of tree seeds mixed with sand and sawdust
and placed where they will not become too dry. Manteuffel (1869) men-
tions several different methods of preserving acorns. These methods have
been followed by recent workers. The problem of storing acorns over winter
so that they will retain their viability has received considerable attention
during the last quarter of a century, for one finds such methods of storage
mentioned frequently in the literature. Cieslar (1896) conducted a pre-
liminary series of acorn storage experiments in 1890-1891 and a more
elaborate series in 1892-1893. Acorns preserved over winter covered with
moss on top of the ground, in covered pits mixed with sand or soil, and
stored in running spring water gave a germination of 71 to 79 per cent.
Cieslal maintains that the storage of acorns.in running spring water
facilitates retention of viability and' may even delay germination. When
acorns are overwintered in moist soil in contact with straw a fungus lowers
their viability considerably. Acorns stored over winter in a very shallow
pit under a cover of straw and in a dry cellar mixed ,with sand had a
viability of only 52 to 53 per cent in the spring. Acorns stored in a sack
in a heated room during the winter failed to germinate. The loss of'
viability in the last three cases was accompanied by a heavy water loss.
Two anonymous papers published in the Bulletin of the Central Belgian
Forestry Society (1898, 1900) report experiments in which autumn and
spring planting of acorns and chestnuts in Belgium is compared. The
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GERMINATION AND SURVIVAL IN OAKS

autumn plantings were made in two lots; in'one the acorns were covered
with leaves to a depth of 5 to 6 em., in the other they were planted in
trenches to a depth of about locm. The seeds for spring planting were
preserved as follows: in trenches, piled and covered with soil'and with
leaves, in baskets submerged in water, and stratified in sand in a dry
cave. From the germination and growth of the different lots it is con-
cluded that, where protected against animals, autumn seeding is ordinarily
preferable to any of the methods of storing the acorns over winter and
planting in the spring. This is because not only higher germination is
obtained, but the work'can be done at a season when there is less demand
for attention to other nursery activities.

Zederbauer (1910) carried out a number of fundamental experiments
to aid in the selection of storage methods. He considered the natural
conditions under which seed is stored and the Various life processes that
are active in the resting seed. During the winter of 1906.1 907 he stored
European turkey oak acorns in tulle sacks hanging in an open wooden
shed, aso in an unheated room, and in a heated room with the complete
loss of their viability. Acorns hanging in small tulle sacks in a cellar had
a germination of only 3 per cent in the spring. Acorns sown in a nursery
bed on December 11 germinated 'to the extent of only 25 per cent. He
considers it quite possible that, during the 10 days which elapsed between
collecting and planting, many of the acorns had dried sufficiently to lose
their viability. Another lot of acorns mixed with sand and kept moist in
an earthenware vessel in an unheated room gave a germination of 64 per
cent in the spring. Those similarly stratified but kept in a cellar had a
germination of 87 per cent. He concludes that seeds especially rich in
stored food and with thin outer coats, such as acorns, are very sensitive
to a low moisture content.

Oppermann (1913) and Hauch (1923) discuss in considerable detail
the storage of acorns in Denmark. The latter writer, contending that in
his experience the storing of acorns in pits is uncertain and sometimes
results in a considerable loss of germination, advocates the use of Ale-
mann's acorn storehouse. This house has a capacity of soo bushels of
acorns. It has a concrete floor and a roof covered with a layer of sod 12
inches thick and is thatched with a thick layer of straw. Hauch states
that the.temperature in the house must be kept so that it neither goes much
below nor much above the freezing point, and that it is ,vell to have fresh
air circulating freely in the hut. When the temperature drops below the
freezing point the doors are closed and covered with straw to prevent the
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GERMINATION AND SURVIVAL IN OAKS

loss of the acorns by freezing. Hauch strongly emphasizes the fact that
the acorns must be watched with painstaking care so that they do not be-
come too dry and yet not too damp, and furthermore, that they are neither
exposed to frost nor temperatures above the optimum. The acorns when
first collected must be-brought.into a dormant state so that they neither
sprout nor become so dry that they lose their viability. Frequent stirring
of the acorns and weekly germination .tests are advocated. Hauch recom-
mends this method of over-winterstorage to make spring planting of acorns
possible and thereby reduce the danger of their destruction by mice, deer,
pheasants, or pigeons. He also advocates planting the acorns the same day
they are removed from storage to prevent drying out and the consequent
loss of viability.

Holten (1920) reports that a considerable quantity of acorns which had
been stored in the fall of 1918 gave 40 per cent germination in 1920. He
concludes that in order to preserve the acorns two years it is necessary -to
use Hauch's method the first winter and to store them in dry sand the
following spring, and at such depth .that the temperature will remain
fairly constant.

Onlieff (1915) describes a method of storing acorns which is reported.
to be most satisfactory for Russian conditions. It does not entail all the
precautions necessary to prevent heating and rotting and frost injury. A
layer of dry oak leaves about 1 inch deep is spread on the ground on a
protected north slope, and upon it a 2 to 3-inch layer of selected, dry
acorns is placed. They are then covered with more leaves and branches
to protect them from the wind. When the winter has set in and the snow
no longer melts, it is piled up to a depth of 2 feet on the place where the
acorns are buried. The snow is then covered with straw 7 to 10 inches
thick and the whole left until spring. The area is surrounded by a |-foot
ditch with inclined sides and embankments on.the outer side as a protec-
tion against rodents. The ditch also drains off surplus water.

In.America the method of acorn storage generally followed has been
stratification in sand. This method has been advocated by Douglas (1888),
Jack (1895), Schenck (1912), Tillotson (1915), Tourney (1916), and
Crumley (1926).

Sand, because of its great weight, is generally recognized as.unsuited
for the storage of acorns being shipped long distances. Heide (1923)
advocates packing such acorns in a mixture of powdered dry charcoal
and pOw'dered cocoanut fiber (sphagnum moss may be used) moistened
slightly 'vith a 0.1 per cent solution of salicylic acid in water. Galloway
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(1924) suggests a mixture of dry coarse charcoal and sifted sphagnum
as suitable material for long distance shipments.

In order to obviate the necessity of over-winter storage, Harshberger
(1916) advocates the fall planting of immature acorns before they have
passed into the dormant period. He contends that the growth of the
immature embryos will continue without interruption and that they will
develop into normal seedlings ,vithout passing through the resting period.
From the standpoint of practical application, the planting of immature
acorns is still a very doubtful procedure.

The storage experiments of Delavan (1915) are worthy of special note.
He tested three species of the white oak group-white oak, bur oak, and
swamp white oak-and two of the black oak group-red oak and black
oak. The acorns of each species were divided into four equal lots and
stored in closed, but not sealed, glass fruit jars as follows: (1) in the
laboratory, without preliminary drying; (2) inthe laboratory, after.drying
until they had lost abouts per cent of their original weight; (3) in a
refrigerator; (4) in a pit, buried about 1 foot under the surface of the
ground. The acorns stored in the refrigerator gave the highest germination.
Those stored in the pit gave the next highest germination, and, with the
black oaks, aso a decrease in the period of germination as the season
progressed. The acorns artificially dried had a very low percentage of
germination, dropping to zero early in the season. It is evident from this
experiment that optimum conditions for acorn storage are moist atmos-
phere and low temperature.

For countries with warm or fluctuating climates the suggestion of Jo-
hannsen (1921) seems to offer the most promise in acorn storage. He
contends that in order to keep acornsin a condition capable of germinating,
constant low temperature is required. In his experiments he found -that
storing at a temperature between 1 and 2 degrees C. (33.8 to 35.6° F.)
gave good results. Temperatures in his cold storage room were maintained
by means of arefrigerating machine. He states that, while the temperatures
ordinarily were maintained around 2 to 4 degrees C. (35.6 to 39.2° F.),
they went up periodically during the summer months to 9 degrees C.
(48.2° F.) and proved injurious to the keeping qualities of the acorns.
He contends that another necessary condition is the access of air. By
excluding air, the power of germination, even at low temperatures, is
lost in about a year. Johannsen was able to keep acorns for more than

three years but a gradually decreasing power of germination was evi-
dent.



GERMINATION AND SURVIVAL IN OAKS

The literature on acorn storage has been reviewed quite fully because
it contains many references to the factors which influence germination. It
is evident'that the low tenlperature and high humidity in pits preserve
acorn viability best, while the temperature and moisture conditions in a
dry cellar or heated room reduce viability. Low temperatures, high atmos-
pheric humidity and high soil moisture are factors which favorably influ-
ence natural and artificial acorn storage. The influence of these factors
in reducing respiration and reducing or preventing transpiration is re-
garded as important in seed storage.

In many manuals on European silviculture, as those by Bagneris, Beck,
Boppe, Biihler, Chancerel, Gayer, Heyer-Hess, and Jolyet, mention is
made of the need for protecting acorns against desiccation, high tempera-
tures and destruction by mammals and birds. Manteuffel (1869) empha-
sizes the necessity of safeguarding acorns against unseasonable frosts and
destruction by mice. He also emphasizes failure of natural reproduction
on soil too hard for roots to penetrate, so that the roots die as a result of
desiccation or freezing. Bagneris (1878) specifically cautions against
losses through frost, and destruction by wild pigs and small rodents,
mice particularly. Endres (1901), in discussing oak regeneration in the
Bavarian Spessart, mentions the large amount of injury which the small
oak seedlings suffer from the browsing of game, chiefly deer.

Herrmann (1915) and Knuchel (1919), referring to utilization of
acorns as food in Germany, emphasize the necessity of excluding acorn
gatherers from cutting areas on which the oak is to be reproduced natu-
rally.

Troup (1921) reports that the acorns of the better known Indian oaks
are very subject to the attacks of insects and'-are also eagerly devoured by
birds, bears, monkeys, squirrels, rats, and other animals. These agencie$
are adverse to natural reproduction. Heavy grazing aso prevents oak
reproduction. Troup regards grass as quite favorable to the germination
of seed and the'establishment of the seedling provided the soil is not too
dry. He has shown, by an experiment at Dehra Dun, that ban oak acorns
lying in the open exposed for any length of time to the sun amost in-
variably crack open and fail to germinate. The best results were reported
as occurring where the acorns had become buried by the action,of rain;
seed germinating on the surface of the ground was subject to destruction
through insects eating the radicle. Troup also stresses the importance of
leaf litter as a protective covering for the acorns because of its favorable
influence in increasing successful germination.
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Watt (1919), in a study of the failure of natural regeneration of oak
in Britain, emphasizes the importance of certain animal destroyers of
the acorn prior to germination. The following list is given: cattle, deer,
wild pigs, rabbits, squirrels, dormice, forest mice, voles, pheasants, wood
pigeons, jays, and rooks. The principal offenders are rabbits, mice, voles,
pheasants, wood pigeons, and jays. On the basis of his experimental re-
sults, he stresses concealment as important in the survival of the acorn
and the value of the humus layer or leaf litter for this purpose as
well as for protection to the acorns against excessive drying. Watt shows
that after the acorns of the European turkey oak have lost a certain amount
of water (about 27 per cent under the conditions of his experiments) they
lose their viability and will not germinate under any conditions. He aso
discusses the relation of germination to type of seed bed. No difficulties
are met which prevent natural regeneration on moist oak sites but on dry
oak sites, largely because of surface cover and soil conditions, unfavor-
able seed beds are encountered.

The influence of the size of the acorn upon the resulting oak seedling
has been studied by a number of investigators. Eytingen (1915) reports
upon experiments conducted by Nestorov, who studied the influence of
,veight of acorn upon the weight and length of the top and root. tle con-
cludes that growth is generally in direct proportion to acorn weight. The
acorn weight affects favorably the total weight of the plant, especially the
root system, and to a less extent the longitudinal organs. The height of
the stem depends more upon the weight of the acorn than does the length
of the root. Rodger (1919) reports an experiment with bristletooth oak
from which he concludes that the size of the seed in this species has little
effect on the size of the resulting trees.

Johannsen (1921), on the other hand, points to a marked correlation
between the size of the seedling at the end of the first year and that
attained after 1o years' growth. This interdependence, however, is not
invariable. Hauch (1923) observes that any given lot of oak seedlings
in a closely planted nursery bed will consist of individuals with great
differences both as to form and vigor, and that this variation is found to
persist throughout the entire life of the oak.

Cieslar (1923) gives the r'esults of an experiment which show that
the larger seed generally produces more vigorous seedlings. The seven
heaviest lots of acorns (averaging 74 acorns to the pound) produced seed.
lings averaging 9 inches tall at the end of the first year, while the seven
lightest lots (averaging 145 acorns to the pound) produced seedlings

13
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averaging only 6 inches tall at that age. After 7 years the seedlings from
the heaviest acorns were still 25 per cent taller, but at the end of 18 years
the advantage due to acorn size had completely disappeared and the trees
from light acorns were.slightly taller than those from the heavy acorns.
The oaks that made the most rapid growth were descendants of fast-
growing, well.formed trees growing in regions with climates similar to
that of Vienna

For American oaks under native conditions very few experimental re-
sults are available concerning the factors which influence germination and
early survival. A few purely observational studies have been made. One
of the earliest of these is that by Mulford.? Later observations by Greeley
and Ashe (1907), Foster and Ashe (1908), Schenck (1912), Detwiler
(1916), and Crumley (1926) lead these writers to attribute the scarcity
of oak reproduction in many of the eastern hardwood forests to destruction
of large quantities of acorns by insects, hogs, rodents, and other animals,
to forest fires, and to conditions unfavorable for germination, such as
hard dry soils. Drying is important among the adverse factors. The bene-
ficia effects ofa cover of leaf litter are mentioned. Phillips (1912) re-
ports almost complete failure of seedling reproduction in Emory oak,
attributed to fires, grazing, and destruction of the acorns by insects and
animals. Similar observations have been made on Oregon white oak.

A review of the literature shows two main groups of factors which
influence germination and early survival: (1) biotic and (11) physica
factors. The biotic factors include the destruction of the acorns by various
mammals, birds, and insect larvae. The: physical factors comprise (1)
moisture, (2) temperature, (3) compactness of the surface soil, and (4)
cover conditions such as effects of leaf litter, grass, and other herbaceous
or shrubby vegetation on germination and early survival. Another factor-
the influence of the size of the acorn on the resulting seedling-is aso
worthy of investigation, especially in view of the varying results secured
by other investigators.

2 Mulford, Walter. Forest Conditions in.the Southern Appalachians. MS. report
in files of U.S. Forest Service. 1905.
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STRUCTURE OF ACORN AND PHYSIOLOGY OF
GERMINATION

HE gross morphology of the acorn has been described in such works
as those of LeMaout and Decaisne (1873), Sachs (1882), Tubeuf
(1891), Ward (1892), Lubbock (1892), Sargent (1895), Goebel (1913),
and Trelease (1924). The acorn (Fig. 1) consists of the seed and its
enclosing fruit coat or pericarp-commonly called the shell-which is-the
ripened ovary wall. The pericarp (Fig. 2) is a hard, somewhat bony

Fig. 1. Longitudinal sections of acorns across the plane of the cotyledons. A, red
oak; B, white oak; C, chestnut oak; c, cotyledons, m, micropyle; per, pericarp or
fruit coat; pet, petioles of cotyledons; #Z, plumule; », radicle; s, remains of stigma;
t} testa or seed coat.

or coriaceous covering consisting of four tissue layers varying in thickness
in the different species: (1) a cutinized epidermal layer of small cuboidal
cells with their outer walls much thickened; (2) a single layer of some-
times discontinuous, thin-walled colorless parenchyma cells containing
hyaline crystals, presumably of calcium oxalate;(3) several series of very
thick-walled sclerotic cells varying from about four times as long as broad
at the upper edge to iso-diametric stone cells near the underlyingparen-
chyma layer; (4) numerous layers of parenchyma cells with slightly thick-
ened pitted walls and minute air spaces interspersed with groups of stone
cells which comprise the greater part of .the thickness of the acorn shell
in the species of the white oak group; (5) the inner epidermis, which is
usually indistinct in the mature acorn, consists of a single layer of some-
what elongated cells, not-much differentiated from the true parenchyma
of the pericarp, except that in the red oak group numerous very small
hairs arise from this layer, giving a distinctly woolly or felty appearance
to the inside of the shell.

15



GERMINATION AND SURVIVAL IN OAKS
The acorn is generally, although not invariably, one-seeded. Coker
(1904), has shown that sometimes two or more seedlings may arise from
a single acorn. When the ovary is still very young itis 6 celled and contains
6 ovules, all capable of developing into seeds. However, one ovule usu-

/Pp Per

» Cot

Bfprstan
White Oak

'Red Oak

Fig. 2. Semi-diagrammatic transverse sections of the pericarp (Per.) and seed of
the red and white oaks. EX, exodermis or outer epidermis of pericarp; Px, single layer
of crystal-bearing parenchyma cells; §, sclerotic layer; 7, main parenchyma layer of
pericarp with groups of stone cells; ZE#, endodermis or internal epidennis of pericarp;
Eh, epidermal hairs; 7, testa or seed coat; V, vascular bundle; Cot., cotyledon show-
ing epidermis (#¢) and storage parenchyma (Pc).

ally takes the lead, absorbing most of the nutrient materials entering the
young fruit; the others are arrested in their development and finally "be.
come aborted. Trelease (1924) emphasizes the fact that the"presence of the



GERMINATION AND SURVIVAL IN OAKS

5 aborted ovules is of taxonomic value, since they are found at or near
the top of the seed in the black oak group and at or near the basein the
white oak group.

The seed proper fills the cavity within the fruit coat. It consists of a
very thin seed coat, or testa, and the kernel or embryo. The seed coat in
most species is a light brown or yellowish membrane, consisting of only a
few rows of thin-walled cuboidal parenchyma cells. This membrane adheres
closely to the two cotyledons of the embryo which it encloses, conforming
to the various grooves commonly present on the cotyledons of the black
oak group; the membrane is usually thickened over these grooves.

The embryo in a ripe acorn is actually a developing plant. Before the
mature acorn is shed from the tree this young plant already consists of
the radicle, or rudimentary root and foliar structures-collectively termed
the plumule—that do not unfold until germination occurs (Fig. 1). The
radicle is imbedded between the cotyledons near the apex of the seed at the
pointed end of the acorn. The plumule lies between two thin narrow pieces
of tissue which, on germination, elongate into two short stalks or petioles,
one for each cotyledon. Sargent (1895), reports that the radicle in the
North American species of the black oak group and in a few of the white
oaks is longer than the petioles of the cotyledons, but shorter in most of
the white oaks. The petioles are attached to the embryonic seedling at
the hypocotyl, which lies between the radicle and plumule. The various
tissues in the cotyledons and connecting parts are usually quite clearly
differentiated at the time the seed matures.

The cotyledons, however, comprise by far the greater part of the seed.
They range in color from pale yellow to colorless and are firm and fleshy
in texture and plano-convex in shape. Each cotyledon is composed of a
rather delicate epidermis surrounding a mass of cotyledonary tissue, which
is made up of very thin-walled, iso-diametric parenchyma cells. Inter-
cellular air spaces occur at the intersections of many of these cells. The
reserve food materials required by the young plant during germination
are stored in the cotyledons. These materials consist of large quantities
of starch, proteins, sugars, and other materials in solution. Tannin is
commonly present as is also a considerable amount of oil, particularly in
the cotyledons of .the black oak group.

Germination in the oaks has been studied or described by the following
\vriters: Meehan and Mazyck (1850), Meehan (1871), Engelmann (1880),
Stenzel (1877, 1890), Kienitz (1882), Tubeuf (1891), Ward (1892), Sar-
gent (1895), Coker (1912), an anonymous writer in the Awmerican Botan-
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ist (1917), Pammel and King (1917, 1918), and Troup (1921). Germi-
nation consists of the development of the embryo into an independent
plant. The first visible sign of germination is the splitting of the fruit coat
of the acorn at its apex. This is followed closely by the elongation of the
radicle, which emerges and forms the tap root (Fig. 3). Meanwhile the
petioles of the cotyledons elongate from 1/10 to 1/2 inch, and, carrying

Fig. 3. Successive stages in the germination of after-ripened red oak acorns A,
after 10 days, enlargement of embryo confined mainly to elongation of radicle 'B,
after 15 days, enlargement of entire embryo has taken place and plumule is ust
emerging; C, after 20 days, leaves unfolding.
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the plumule outside the cracked fruit coat, they separate, alowing the
plumule to emerge and the young shoot to ascend. After germination the
cotyledons remain within the fruit coat and are attached to the young
seedlillg, which is nourished by the food stored in them. The cotyledons
rot away from the young plant and disappear toward the end of the first
growing season after much of their nutrient material has been used by
the growing plant. A part of this nutrient material may be translocated
to the tap root causing it to become enlarged and s\ollen.

Germination is therefore a growth process coupled with the transfer
and assimilation of food materials, and the conditions necessary to cause
the germination of a viable acorn are essentialy the same as those re-
quired for other forms of growth-an adequate supply of food, water,
oxygen, and suitable temperatures. Since sufficient food is normally con-
tained in the acorn to last until the developing seedling can rely upon
its own photosynthetic activities, an external food supply and corisequently
light are not essential for the early stages of germination. The independent
life of the plant begins, however, when the first ray of light strikes the
unfolding leaves and sets the photosynthetic mechanism in operation.

The vital physiological processes of the plant cannot go on without water.
The active protoplasm in the plant cell consists very l;irgely of water.
About 80 to 90 per cent of the weight of the physiologically active plant
cell is water. The protoplasm of dry seeds, on the other hand, contains
relatively little water. For example, Harrington (1923) has shown that
the seeds of the common cereals, such as wheat, oats, and barley, have
moisture contents of 10 to 15 per cent. Harrington and Crocker (1918)
found that the percentage of germination was not materially changed
when wheat, barley, Sudan grass, Kentucky blUe grass, and Johnson
grass seeds were dried to less than 1 per cent of moisture.

The water relations of the acorn are very different from those of dry
seeds. The acorn contains water equivalent to between 50 and 100 per
cent of its dry weight, and Watt (1919) has shown that when English
oak acorns lose 25 to 30 per cent.of their moisture the embryos die. It is
evident, however, that the acor contains sufficient water at the time it is
shed from the tree to supply the initial stages of germination. This fact
is further substantiated by observations that acorns of the white oak
group sometimes begin to germinate before they are shed and that they
commonly germinate on the.surface of very dry soil, on top of dry leaves,
on floors, or on other surfaces from which they can absorb nomoistute.

Additional water is needed to continue the germination process or to
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initiate it if the acorns have been subjected to an appreciable amount of
drying. Water is important because of the energy it produces in swelling
the acorns. This swelling is great enough to actually rupture the fruit coat
at the apex. Chemically the water acts as a solvent for the food materials,
insures the requisite dilution to the cell contents necessary for the meta-
", bolic processes, and serves in the activation of enzymes which render the
‘insoluble foods soluble. Starch is converted into soluble sugar by means
of the enzyme diastase. Fats and oils are insoluble in water. Certain
enzymes, notably lipase, decompose these during germination into their
constituents, fatty acids and glycerin. The latter is readily soluble in water
while the fatty acids of higher molecular weight are non-miscible with
water, their solubility in water increasing with decreasing molecular weight.

Heat is the regulating factor important in accelerating germination, but
on the other hand, if the temperature is reduced the activities' begun by
the action of water may be retarded or even entirely suspended. The
rapidity of germination depends to a large extent upon the temperature,
since temperature has the power to modify the absorption of water by the
seed, the diffusion of liquids, and enzymic action.

While respiration-the oxidation of the food materials-is the chief
source of the kinetic or vital energy required by the plant, it may also
release heat. Respiration is sometimes responsible for a material increase
in the temperature of germinating seeds and may account for the ger-
mination of certain seeds,at very low temperatures. Becker (1912) con-
cludes that oxygen acts as a stimulant in seed germination, ,and many
of the conditions under which seeds germinate or do not germinate seem
to bear this out. Large quantities of ,oxygen are necessary for germination
(Brown, 1925). Unless there is an abundant oxygen supply seeds will not
germinate. Most seeds, therefore, fail to germinate in poorly aérated soil,
as when buried at a great depth or when the air spaces of the soil are filled
with water. However, under natural conditions oxygen is generally present
in sufficient amounts.

To summarize, it is evident that water, heat, and oxygen are necessary
for the germination of seeds. No two of these factors are sufficient for the
germination process; al three must be operative in requisite amounts.

PLAN OF STUDY

D URING the latter part of the summer of 1924 a detailed plan was
prepared covering the investigation of the factors controlling ger-
mination and early survival in oaks. The conduct of the studies as thus
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planned required work in the field, the forest nursery, the greenhouse, and
the laboratory. The investigation was undertaken by the writer at the
Appalachian Forest Experiment Station in the autumn of 1924. Practical
limitations confined the first season's work chiefly to four species; white
oak, chestnut oak, red oak, and black oak, although other species were
employed occasionally in a limited way. An adequate supply of acorns,
consisting of several bushels, was collected during the early part of October
for experiments on storage, influence of excessive temperatures, depth of
planting in the nursery, influence of size of the acorn on germination and
survival, and for field study of natural conditions. Each species was repre-
sented by a composite sample of acorns from as many sound, thrifty, middle-
aged trees as could be located on the area where the acorns were col-
lected.

In the storage experiments the various lots of acorns were stored over
winter in several places in Asheville, N. C., under the different condi-
tions. The following spring these acorns were planted in the Champion
Fibre Company's nursery at Canton, ‘N. C., where other lots of acorns had
been planted the previous autumn.

Field experiments to determine the -natural conditions influencing ger-
mination and early survival were -conducted on the Bent Creek Experi-
mental Area in the Pisgah National Forest. A field study was made in
March and April, 1925, to determine just what actually happened to
the acorn crop produced the previous season, and to what extent and under
what natural conditions germination occurs.

A preliminary experiment to check field observations of acorn viability
as influenced by high temperatures developed in forest fires was conducted
in 1924-1925. As a basis for laboratory studies, field data were aso aob-
tained on both the amount and duration of excessive heat to which the
acorns are subjected in leaf litter fires.

It became evident early in the present investigation that the-two most
important climatic factors affecting germination and early survival of oaks
are moisture.and temperature, and that these factors should therefore be
studied more intensively than the others. Accordingly in September, 1925,
it became possible to continue the investigation in the laboratories and
greenhouse of Yale University, where adequate facilities were available.

For use in these studies several bushels of acorns were obtained in the
vicinity of New Haven, Conn., early in October, 1925. Since the acorns
were collected during rainy weather they were spread out on a barn floor
to dry for a few days, after which they ,vere put in baskets and stored in
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a cold storage room maintained by refrigeration at a temperature usually
between 35 and 40° F. As a check on the Connecticut acorns, smaller
samples were collected in the vicinity of Asheville, N. C., by E. H. Froth-
ingham and F. W. Haasis of the Appalachian Forest Experiment Station,
and in the vicinity of Raleigh, N. C., by J. S Holmes, State Forester of
North Carolina.

The viability of the different lots of acorns was tested under the con-
trolled greenhouse conditions. A detailed set-of experiments on the influ-
ence of excessive temperatures on germination was carried out in the
laboratory and greenhouse. The influence of temperature on the germination
of .five common American oaks was studied in five-constant temperature
chambers.

Germination was studied in the greenhouse under three different con-
trolled soil moisture conditions-dry, moist, and wet. Combined labo-
ratory and greenhouse studies were made to -determine (1) the relation of
desiccation to germination, and (2) the degree of desiccation as related
to the time required for germination.

Preliminary experiments indicated that-there was an inherent delayed
germination in the black oak group which was ‘not overcome even by
optimum conditions for germination. This phenomenon of delayed ger-
mination therefore was made the subject of a special study. The effect
of acorn position with reference to the soil surface and the influence of
various kinds of substrata on germination and early survival of oak seed-
lings were studied. Special attention was paid to the effects of sad and
compactness of the surface soil .and to the importance of leaf ‘litter.

RESULTS OF GENERAL GERMINATION TESTS

PRESENTATIVE lots of acorns collected in october, 1924, and
numbered from 1 to 126 according to species and method of treat-
ment, were tested at the Champion Fibre Company's nursery, Canton,
N. C. In all tests where depth was not a factor'the acorns \vere planted
with the highest point of the acorn uniformly ¥4 inch below the surface,
the acorns being placed crosswise of the nursery beds in rows 3 inches
apart. Uniform covering was obtained with the acorn dibble, devised for
this purpose (Fig. 4).
All beds received the same general treatment in accordance with-the
regular practice of the nursery. However, the beds in which germination
and survival under ordinary conditions were being tested were screened
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against birds and rodents, and were mulched from November 18 to March
28. From that time until April 7 the mulch was removed gradually to
avoid sun-scalding the succulent tops which had begun to appear under
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Fig. 4. Acorn dibble. A, perspective; B, vertical section.

the leaves. Screens giving half shade remained on the beds until April

30, when all shade was removed.

The results of these more general tests are summarized in Table I. The

salient feature of the summary is

the great variation in the germination
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of the different lots of acorns. Failure in Lots 69 and 89 was definitely
due to insect injury. Lot 70, which was also attacked by insects, had become
partially dried before collection and was thereafter kept at room tempera-
ture for 10 days or more. Lots 84 and 85 suffered moisture loss in transit
or in storage before planting. Subsequent results showed,that such drying
as has been referred to was sufficient to greatly reduce germination, and
failure in the above cases was undoubtedly due to this factor. It is pos-
sible that Lots 1, 3, 6, 12, 87, and 92 were the only ones unaffected to any
extent by drying.

Studies of the course of ,germination under controlled conditions in the
greenhouse included 14 different species of oak, of which 8 belong to the
white oak group and 6 to the black. In benches containing fresh loamy
sand the acorns were planted at'a uniform depth of 4 inch in crosswise
rows. Sprinkling once a day sufficed to prevent drying out at the surface
except during April when a second daily watering was necessary.

Continuous records of air temperature and of soil temperature at a
depth of ¥4 to 1 inch-the same depth as'the acorns were planted-were
taken throughout the entire period with a Friez Soil-Air Thermograph.
This instrument was checked against standard thermometers. The march
of"daily maximum '‘and minimum temperatures of the air and the soil
at this depth from October 16, 1925, to May 31, 1926, is shown in Fig. 5.
The close correlation between air temperature and that of the soil is prob-
ably accentuated to some extent because the pipes of the hot water heating
system are situated beneath the benches. The mean maximum soil tempera-
ture was between 65 and 70° F. during the first five months, while during
the last six weeks it was between 70 and 75°. During the latter period
the maximum soil temperature frequently rose to 80° or more. At night
the soil temperature generally dropped to between 50 and 60.. Cloudy
weather reduced the diurnal variation in temperature by decreasing inso-
lation in the daytime and radiation at night. The diurnal variation in
soil temperature ranged from o to so during cloudy weather and 10 to
20° or rarely ,25° during,clear weather with cold nights. The diurnal
variation in air temperature was generally from 5 to 10° greater than that
of soil temperature. In the present study soil temperatures are more im-
portant than air temperatures, because they indicate more closely the
amount of heat to which the acorns are subjected.

Figures showing the course of germination are more significant and
more generally useful than those showing either germinative energy or
germinative capacity, as has been pointéd out by Fron (1906), Rafn
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GERMINATION AND SURVIVAL IN OAKS

(1915), and Toumey (1916). Germination counts were made every five
days during the first three months and every ten days thereafter. The
results, as given in Table 1I, were computed on the basis of 10 day inter-
vals between counts, except the last which covers 50 days. In this series '
of tests an acorn was counted as germinated as soon as the ascending
shoot was just visible above the surface of the soil. Table II shows great
variability in the germination of the different lots, ranging from 6 per
cent in Lot 25, southern red oak from near Raleigh, N. C,, to g9 per cent
in both Lot 6, swamp white oak, and Lot 12, white oak, each collected
near New Haven.

The poor germination in some of these lots cannot be attributed to dry-
ness of the acorns, for they were allowed to dry only slightly to prevent
molding while they were in storage. It will be shown later that, particu-
larly in the case of the acorns collected in the vicinity of New Haven, all

TABLE I

NURSERY GERMINATION AND SURVIVAL OF VARIOUS
SPECIES OF OAK, SEASON OF 1925

No. Date of Nursery Germination Survival
Lot acorns  planting April 21, Jume 2, Aug. 14,
no. Species planted. 1924 1925 1925 1925

Per cent Percent Percent

1 Chestnut oak 107 Oct. 14 71.0 80.4 76.7

3 Chestnut oak 100 Oct. 14 73.0 8z.0 8z.0

6 Chestnut oak 100 Oct. 14 65.0 85.0 84.0
1z White oak 100 Oct. 14 41.0 73.0 V2.0
14 White oak 100 Oct. 14 40.0 59.0 46.0
69 Red oak* 90 Nov. 7 0.0 0.0 0.0
70 Southern red oak 100 Nov. 7 0.0 0.0 0.0
72 Red oak 48 Nov. 7 68.7 70.8 64.6
79 Red oak 100 Nov. 7 76.0 76.0 74.0
83 European turkey oak 100 Nov. 7 55.0 65.0 65.0
84 Scarlet oak 100 Nov. 18 0.0 0.0 0.0
85 Chinquapin oak 100 “Nov. 18 0.0 0.0 0.0
87 Black oak 100 "Nov. 18 43.0 91.0 90.0
8¢ Black oak*- 100 Nov. 18 0.0 0.0 0.0
92 Black oak 100 Nov. 18 32.0 88.0 68.0

* All acorns in these lots were weevil-infested, as shown by larvae exit holes.
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TABLE II

COURSE OF GERMINATION IN VARIOUS SPECIES OF OAK IN THE GREENHOUSE, DURING WINTER
OF 1925-1926%

Percentage of Germination in Greenhouse
Number
Lot acorns 30 40 50 60 70 So 20 00  II0 120 130 140 150 60 170 80 190 240
‘no. Species Locality planted days days  davs days days days days days days days days days days days days davs days days
1 Chestnut oak Asheville, N. C. 100 16 72 84 86 86 86 86 86 86 86 86 86 86 86 86 e e aes
2 White oak Asheville, N. C. 100 12 62 66 66 66 66 66 66 66 66 66 66 66 66 66
3 Post oak Asheville, N. C. 21 0 33.3 33.3 619 619 61.9 61.9 61.9 619 61.9 61.9 61.9 61.9 61.9 61.9 ...
4 European mossycup oak New Haven, Conn. 50 0 0 2 6 24 . 38 44 62 72 80 80 80 80 80 88
5 English oak New Haven, Conn. 50 0 38 70 92 96 98 98 98 98 98 98 98 98 98 98 ceh e e
6 Swamp white oak New Haven, Conn. 100 0 2 13 37 58 68 83 85 93 95 96 97 98 98 99 e e ans
7 Shingle oak Asheville, N, C. 50 0 0 2 4 4 4 6 6 6 6 8 8 10 10 12 16 26 66
8 Red oak Asheville, N. C. 100 0 0 0 5 8 8 9 9 10 10 10 11 11 11 11 11 11
9 Scarlet oak Asheville, N. C. 100 0 12 17 20 22 23 23 23 23 23 23 23 24 24 24 24 24
10 Black oak Asheville, N. C. 100 0 9 12 14 18 18 18 22 23 26 26 29 31 32 36 40 44 51
11 Red oak New Haven, Conn. 250 0 0 0.8 2.0 3.2 52 6.4 84 92 9.6 10.8 10.8 12.8 13.2 13.6 14.0 14.8 2838
12° White oak New Haven, Conn. 100 38 93 98 98 99 9% 99 99 99 99 99 99 99 99 99 99 99 i
13 Scarlet oak New Haven, Conn. 100 0 0 1 2 2 3 5 6 8 8 9 9 11 12 13 14 19 31
14 Chestnut oak New Haven, Conn. 100 23 78 84 86 86 86 86 86 86 86 86 86 86 86 86 86 86 87
15 Black oak New Haven, Conn., 100 4] 0 0 1 1 1 1 1 1 1 1 2 2 2 2 2 3 7
16 White oak New Haven, Conn. 100 23 90 91 91 91 91 91 91 91 91 91 91 91 91 91 91 91 Cen
17 Scarlet oak “‘sinkers”f Asheville, N. C. 100 0 1 2 2 3 4 6 12 18 22 29 33 40 46 51 51 51 70
18 Shingle oak Asheville, N. C. 60 1.7 3.3 6.7 83 10.0 11.7 117 13.3 13.3 150 167 20.0 20.0 20.0 23.3 23.3 233 28.4
19 Southern red oak “‘sinkers”t Asheville, N. C. 100 0 5 6 11 13 14 17 20 25 26 29 34 39 40 41 41 41 52
20 Southern red oak, ave. Asheville, N. C. 100 1 3 6 7 7 8 10 11 12 12 12 12 13 13 14 14 14 20
21 Post oaki Asheville, N. C. 100 4 8 10 13 14 18 19 19 20 20 20 20 20 21 21 21 21 25
22 Black oak Raleigh, N. C. 80 0 0 0 0 2.5 3.8 5.0 6.2 88 125 28.8 36.2 40.0 51.2 53.7 53.7 53.7 75
23 White oak Raleigh, N. C. 80 1.2 20.0 25.0 26.2 288 288 28.8 288 28.8 2838 28.8 288 288 28.8 288 288 288 31.2
-24 Scarlet oak Raleigh, N. C. 80 0 0 3.8 88 175 288 350 425 425 488 550 56.2 57.5 60.0 600 ... ... ...
25 Southern red oak Raleigh, N. C. 50 0 0 0 0 2 4 4 4 4 6 6 6 6 6 6
26 Willow oak Raleigh, N. C. 50 0 0 0 2 2 4 8 8 8 8 10 10 12 14 14 14 14 22
39 Swamp chestnut oak Raleigh, N. C. 60 0 3.3 450 73.3 80.0 81.7 81.7 83.7 86.7 86.7 86.7 86.7 86.7 86.7 ... ...
40 Overcup oak Raleigh, N. C. 100 0 0 1 2 20 54 79 82 84 84 84 4 84 84 N . e s
41 Swamp white oak Raleigh, N. C. 60 0 0 30.0 45.0 60.0 650 66.7 667 66.7 667 66.7 66.7 66.7 66.7 667 66.7 66.7 783

* Lots 1 to 3, inclusive, were planted October 10; Lots 4 to 16, inclusive, on October 15; Lots 17 to 21, inclusive, on October 28; and Lots 39, 40, and 41 on November 3,
1925,
+ By “sinkers” is meant those acorns which sink when immersed in water,
% This lot of acorns showed a high percentage of weevil injury as evidenced by a large number of larvae exit holes.
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lots contained moisture sufficient to insure retention of their viability until
they were planted. The acorns of Lot 2, however, began to germinate
while in transit from Asheville, and it -is probable that they were injured
sufficiently to account for the failure of 34 per cent of the acorns to
produce seedlings. After the shells split open at the apex in the early
stages of germination, the tender embryos are very easily injured-either
by being bruised or through drying out. Considerable insect infestation
was noted in the post oak from western North Carolina, particularly in
Lot 21, which undoubtedly accounts for the low germination of 25 per
cent.

Some of the lots received from North Carolina were large enough to
supply material for viability cutting tests. This was possible because the
embryos of sound viable acorns are normally light in color, while on loss
of viability they darken perceptibly, often becoming brown or black. These
tests clarify some of the germination results given in Table Il. In Lot 8,
red oak from,vestern North Carolina, only 12.4 per cent had living em-
bryos of normal size. Some of these acorns ,vere infested with insect
larvae, but the insects had destroyed less than half of the cotyledons at
the ends farthest from the radicle and plumule. Insects destroyed 15 per
cent of this lot. Forty-five per cent of these acorns had embryos in various
stages of abortion from normal-colored and half.-sized embryos to those
blackened and shriveled to about 1/20 natural size. This abortion may
be due to the extremely great rainfall deficiency for the summer of . 1925
in the vicinity of Asheville, N. C., amounting to almost 12 inches less
than normal for the months of May to August, inclusive. Scarlet oak, a
species common on drier sites, showed 91.8 per cent of the acorns with
embryos apparently norjpjal in all respects and yet this lot (No0.9) gave
a germination of only 24 per cent in 190 days.

Black oak -acorns from the same general locality showed 46.5 percent
infested with insect larvae, but only 3.9 per cent aborted. Although 47.3
per cent of the acorns in this lot (No. 15) had embryos normal in all
respects at the time of planting, a germination of only 7 per cent was
obtained in 240 days.

Slvamp white oak acorns from eastern North Carolina showed 22.6 per
cent- with dead embryos, of which the greater number were the direct
result of insect damage. This largely accounts for the germination of only
78.3 per cent in Lot 41.

The very poor results obtained from the white oak acorns from eastern
North Carolina (Lot 23) is due almost \vholly to drying and other in-
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juries, such as bruising, since 77.6 per cent began to germinate while in
transit from Raleigh. The radicles protruding from the acorns were bruised
and dried out. This conclusion is substantiated by the results ofa cutting
test on 233 acorns which showed 85 per cent either germinated (78.1 per
cent actually germinated) or with viable embryos. Only 14.6 per cent
showed insect injury.

Another lot, No. 11, consisting of red oak from near Nelv Haven, showed
72.8 per cent with normal appearing embryos-only 27.2 per cent being
infested with insect larvae. In this lot, as well as in some of the others,
the cutting test failed to explain the low germination. This suggests that
in some species there may be an inherent condition capable of inhibiting
germination or at least of causing delayed germination. The validity of
this hypothesis is emphasized when the relative germinative energies for
both the black and white oak groups are considered. Lots 8, 21, and 23
are eliminated from this consideration because of the fact that, as already
brought out, the poor germination.in these lots is due to external factors
not inherent in the embryo. If arbitrary periods of 60 and 160 days are
considered, it is found that the species of the black oak group have an
average germination of 5.9 per cent in 60 days, or only 24.1 per cent of
that attained in 160 days, while the species of the white oak group show
an average germination of 62 per cent in 60 days, which is 74.2 per
cent of that attained in 160 days. After eliminating three species-the
European mossycup, swamp white, and overcup oaks—the remainder of
the white oak group have an average germination of 81.8 per cent in 60
days, which is 97 per cent of that occurring in 160 days. The three species
mentioned first showed,an average germination per cent of 22.5 in 60
days, which is only 27.4 percent of that (82.2) obtained in 160 days.

Under the conditions of these tests, an average period of 44 days was
required for 75 per cent of the total germination in the group containing
the white, post, English, and chestnut oaks, an average of 85 days for
the group composed of the European mossycup, swamp white, and over-
cup oaks, and an average of 163 days for all the species of the black oak
group.

These differences suggest that some of the species either possess inherent
characteristics which influence the inception and rate of germination, or
that they have different temperature requirements for germination. It is
quite possible that an interdependence exists between these two condi-
tions. This question, however, will be considered in connection with the
study of germination in the constant temperature chambers.
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ANALYSIS OF FACTORS INVOLVED

HE results given above emphasize the need for detailed studies to
determine the relative importance of the factors controlling germina-
tion and early survival of oaks. In many localities and under many condi-
tions one is frequently impressed with the very prolific production of
acorns, particularly in good seed years, and also at times one observes
the forest floor littered with germinating acorns and yet often must search
diligently for established oak seedlings. An early phase of this investigation
consisted of a field study in Buncombe County, N. C., to determine what
happens to the acorn crop after it reaches the forest floor, and to what
extent and under what natural conditions germination and survival occur.
'lfPreliminary observations indicated that such a study could best be made
by a careful classification of the various forms of injury, kinds of destroy-
i_ng agents, and the condition of all acorns as determined by a cutting test.
It was possibleto secure records from-37 individual trees: 15 chestnut oaks,
12 white oaks, 9 black oaks, and 1 red oak, selected as to position in the
stand, topography, and seed production.

An area typical of the entire crown spread of the tree, but representing
one sixth of the crown projection, was selected under each tree. Two men
laid out these areas by stretching a tape between the base of the tree and
two points on the perimeter of the crown projection. The distance apart of
these points was equal to the radius of the crown spread of the tree. All
acorns and acorn cups on this area were collected, sacked, and taken to
the-laboratory for subsequent investigation. It was found that the various
animals frequenting the area often carried away sound acorns but that
they carried away very few, if any, unsound ones.

The record of the total yield was obtained by counting the cups of the
season's crop, and from this number the total acorn production for each
tree was approximated by making use of the fact that for each normal
cup an acorn was produced, and of the observation that the acorns are
normally shed from the tree somewhat in advance of the cups. All cups
had fallen from the trees by the time the records were taken. The differ-
ence between the total production and the number of acorns found or
accounted for was attributed to the animals.

The first data were secured November 3, 1924, from a 19 inch white oak,
65 feet tall, having a crown spread of 30 feet and representing average
site conditions on the Bent Creek watershed, southwest of Asheville, N. C.
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The results obtained from this tree, on the basis of a calculated total
production of 14,075 acorns, are summarized as follows:

Per cent.

Acorns destroyed by animals 83.04
Acorns infested by insects: weevils 2.3%
moth larvae 3.435

B — 5.80

Acorns with aborted embryos 10.44

Germinated acorns, seedlings dead, dried out 0.31

Germinated acorns, seedlings alive 0.15

Acorns with normal embryos 0.26

During the course of the work on this tree it became evident that since
the acorns had been shed but about a month, results obtained in the
spring would be much more indicative of the cumulative effect of the
factors tending to destroy the viability of the acorns and to preclude
natural establishment in the different species. The remainder of this work
was therefore deferred until spring, when the records on the other 37
trees were secured between March 23 and April 24, 1925. The significant
facts obtained in this study are shown in Table III. It is of interest to
note the fair showing in percentage of live seedlings from the germinated
white oak acorns and the poor showing of the chestnut oak and particularly
the black oak. Notwithstanding the high percentage of acorns destroyed,
it is notable that from those trees which produced seed in 1924 a few
acorns escaped destruction. The factors responsible for destruction will be
considered under the discussion of the specific factors in the following
pages.

Further field study emphasized the two factors, animals and drought.
In this study small plots, contiguously located on both north and south-
facing slopes on the Bent Creek watershed, southwest of Asheville, N. C,,
were planted with 100 acorns each of several species, chiefly scarlet, black,
red, white, and chestnut oaks. The north slope plots were located in a
small clearing made for this purpose on the edge of an oak-chestnut forest,
while the south slope plots were located in an opening in a pine-oak
forest. Different lots of acorns were planted 1% inch deep in well-tilled
soil on each aspect; others were placed on the natural soil surface and
covered with hardwood leaves. Duplicate sets were screened with 14 inch
mesh hardware cloth tacked to boards which were sunk edgewise into the
soil to a depth of 2 inches.
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Survival records, as obtained on these plots on May 3 and August s,
1923, are given in Table IV. A high percentage of acorns in many of the
lots was destroyed by rodents before germination. The increases noted
in some lots between examinations are due to the fact that germination
was still in progress on May 3. The losses in 10 out of the 50 lots were

TABLE III

DISPOSITION OF ACORN CROP UNDER NATURAL
CONDITIONS

Based upon the acorn production of 37 representative trees in
Buncombe County, N. C.

Chestnut W hite Black Red

oak oak oak oak
Basis, no. of trees 15 12 9 1
Diameter breast high, inches* 9.9=23.0 I10.I-27.0 15.2-23.5 20
15.5 17.3 