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PURPOSES OF THE INSTITUTE

Boyce Thompson Institute for Plant Research, Inc. is a membership
corporation incorporated under the laws of the State of New York.
Although the certificate of incorporation authorizes the carrying out
of every phase of research on plants and the publication and dissemin-
ation of information related thereto, the purpose as conceived at
present is fundamental research on practical plant problems and the
publication of the results of such researches.

ENDOWMENT

The Institute has heen generously endowed by the founder, Colonel
William Boyce Thompson.

ADMINISTRATION

The Institute’s charter provides for a Board of Directors, not to
exceed eleven in number. This board is charged with the maintenance
and care of the endowment and property of the Institute. The
Board of Scientific Advisers are to advise the Director on the organiza-
tion and management of the scientific work of the Instltute and in
the selection of the scientific staff.

ORGANIZATION AND PRESENT SCOPE OF THE SCIENTIFIC WORK

The Division of Plant Physiology is in the direct charge of Doctors
Crocker and Denny and with them are associated Mr. Davis, Doctor
Reid, Mr. Morinaga, Miss Joseph and Mrs. Davis. Among the several
projects being studied in this division are problems in plant propagation
and the effects of various chemicals as well as hormones and endocrines,
upon the rate, course of development and metabolism of plants.-

The Division of Plant Pathology is in the direct charge of Doctor
Kunkel and with him are associated Doctor Massey, Doctor Hartzell,
Mr. Holmes, Miss Purdy and Miss Dobroscky. ‘This division is giving
much attention to the mosaic type of plant diseases mcludmg the
yellows diseases of plants.

The Division of Biochemistry is under the. direct. charge of Mr.
Arthur and Doctor Kraybill and with them are associated Mr. Popp,
Mr. Webster, Doctor Davis and Mr. Gilbert. The major project of
this division is the study of the effect of a great range of controlled
environmental and nutritional conditions upon the metabolism and
development of plants. The Institute is especially equipped for such
studies.



10 Bovce Thompson Institute for Plant Research, Inc.

The Division of Microchemistry is under the direct charge of
Doctor Lckerson and associated with her are Doctor Goerrig and
Miss lampe. Besides developing new methods in microchemistry,
this division has several other projects under way and is rendering
much assistance on projects of other divisions.

The Division of Physical Chemistry is under the leadership of
Doctor Youden and is devoting its attention to physical constants of
plants. At present the work of this division is largely on the physical-
chemical phases of the projects handled by other divisions.

The Division of Morphology is under the leadership of Doctor
Pleiffer. At present the work of this division is largelv upon the
anatomical and morphological phases of the projects handled by other
divisions.
© The lines of research mentioned above include only a few of the
projects under investigation at present. ‘The details of these and other
problems will be described in the serial publications of the Institute
mentioned later in this booklet. ‘

While each project is under the leadership of one or another of the
divisions, a number of the projects are being studied by several divisions.
I'or instance, in the problem on the mosaic and vellows diseases of
plants the physical chemist is handling the physical constants of
diseased and healthy plants and determining the filterability of the
viruses of these diseases, while the biochemists are studyving the
chemical constitution of the discased and healthy plants and the
microchemists are determining the localized chemical and anatomical
differences between the diseased and healthy plants.  An entomologist
and protozoologist are investigating other phases of this project.
This sort of coordinated many-sided attack is being used wherever it
leads to surer and more rapid progress in the problem.

From this it will be seen that the scientific divisions mentioned
above are more a classification on the basis of technic than on the subject
matter covered.

FELLOWSHIPS AND TEMPORARY APPOINTMENTS

While the heads of the several divisions and a number of others of
the scientific staff are on permanent appointments, several of the
stafl are temporary appointees. There are three classes of the latter:
pre-doctorate fellows; post-doctorate fellows; and older investigators
who have important problems well under way but need a year or two
under good research conditions to complete their investigations.

The pre-doctorate .fellows are selected from the most promising
young investigators who are registered for doctor’s degrees in the
graduate schools of American universities. They spend one or two
years at the Institute working out their theses on some phase of a
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project being investigated at the Institute or upon a problem they
have previously selected—the university acerediting this work for
doctors’ degrees.

The post-doctorate fellows are chosen on practically the same
basis as the Biological Fellowships of the Nuational Rescarch Couneil,

T'he aim of these fellowships is not only to contribute to the knowl-
edge of plants but to develop compcetent investigators in the feld of
plant science.

COOPERATION WITH OTHER INSTITUTIONS

T'he following is a list of those entirely supported by other organ-
izations that have been or are now working at the Institute and making
use of the advice of the staff and equipment of the laboratories:

Alice M. Anderson, M. A.—Development and germination of sceds
of bluegrass—United States Department of Agriculture.

George H. Godirey, Ph. D.—A study of some of the new fungicides
and insecticides—New York City.

A. B. Massey, B. S.—Bean rust—Virginia Polytechnic Institute.

Dean P. W. Zimmerman, M. S.—Rooting cuttings ol [ruit trecs—
University of Maryland.

Such cooperation will be encouraged so far as the facilities of the
Institute will permit and so far as the cooperation requested promises
real advances in plant science.

PUBLICATIONS

Arrangements have been made for the prompt publication of the
strictly scientific articles in standard botanical journals. Scparates
of these will be bound under covers of the Institute’s own design and
numbered serially as Coniributions from the Institute. "These will be
arranged for binding in volumes of about six hundred pages each.
A second series of Professional Papers will consist of separates of
articles published in trade and technical journals. They will be ar-
ranged for binding in volumes similar to the Contributions. Both
series of publications will serve for exchanges with other plant research
institutions.

LABORATORIES AND KQUIPMENT

Architectural and Structural Features of the Building

The building is'a highly specialized piece of construction, designed

to meet unusual requirements. While architectural appearance was a
secondary consideration the building is a well-balanced composition
- and designed to form a proper part of the ultimate group. The building
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is of Colonial design with dark clinker brick exterior. The construc-
tion is of steel with concrete fireproofing and reinforced concrete floor
systems. The finish is of sanitary simplicity, the appointments of
the offices and laboratories are substantial and the equipment and
fixtures of the best design. The present building is 247 feet long
and 131 feet wide with the central building 50 feet by 117 feet, the
north wing 50 by 73 feet and the remaining space occupied by the
four main ranges of greenhouses, each of which is 20 feet by 117
feet. There is a 16 foot basement sub-structure under the buildings
and greenhouses as well as under the court 73 feet long and 65 feet
wide and under a roadway 247 feet long and 13 feet wide. The
laboratories are housed in two stories (fig. 1).

Interior Distribution of Space

In plan the building is designed with central corridors, with rooms
located on either side. The corridors are placed off-centre so that the
rooms on one side have a depth of 22 feet and on the other 17 feet.
The corridor walls are permanent, while the partitions beween the
rooms, built of hollow tile, make possible a redistribution of space if
necessary. The whole building may be subdivided, if required, into
individual unit laboratories, which would total 84 in number.

Laboratory Services

Since the laboratories require many pipes, conduits and ducts for
their operation, a systematic arrangement was designed. All the
piping is distributed horizontally along the exterior ‘walls and con-
nections are provided so that changes and redistribution may be easily
arranged. The piping is all exposed and accessible. The service
includes hot and cold water, gas, high pressure steam, compressed air,
vacuum, drainage, refrigerated brine, distilled water, electric service
(110 and 220 volts) and exhaust and ventilating ducts. The supply and
exhaust air ducts are carried over the corridor ceilings. Fach labo-
ratory unit is provided with a floor drain in case of stoppage
of sink drains and a shower head is placed immediately over each
laboratory door, with a control valve at the side of the door for ex-
tinguishing fire in the clothing of a laboratory worker in case of accident.
The ventilating system is operated from a positive préssure fan
located in the basement, from which the air is conducted through
masonry ducts supported above the corridors with grilles opening into
each laboratory unit. Similar ducts for exhaust purposes lead to
exhaust fans placed in the attic. The laboratory hoods are also con-'

nected into this exhaust system.
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Mechanical Equipment

The mechanical equipment located in the bascment consists of
three boilers which have a maximum capacity of 143 hop. T'wo are
used at low pressure for heating and the third for high pressure steam
for power and other purposes. The boilers may be fired with coul,
«oke or fuel oil.  In connection with the boilers there is a carbon
dioxide plant, consisting of a system of four glazed tile towers with
accompanyving Tans which move the flue gases from the hoilers for
scrubbing in the towers.

The basement also contains the ventilating plant, humidifving
apparatus, compressors, vacuum pumps and two refrigerating plants,
one of five ton and one of fifteen ton capacity, of the ammoniaabsorption
type. Tanks for oil storage and bins for the storage of coal, coke and
other materials are located under the driveway so that thev mayv be

Ailled directly from delivery trucks  There is a large reserve storage
Space.

GREENHOUSES

The four ranges of greenhouses are of the steel rafter curved cave
tvpe and all have roof and side ventilators.  T'wo of the ranges have
wall ventilators in addition. The ranges run cast and west and are
located south of the main building. The range ncarest the building
is separated from it by an ecight foot alley. The succeeding ranges
are separated from each other by five foot allevs and cach range
toward the south is stepped down two and one-half fect. This ar-
rangement avoids shading, both of the building and the greenhouses

" themselves. A central corridor that communicates with the first

floor of the main building separates cach range into two equal parts
and ecach of these parts is further divided by a partition into two
equal sized houses. This gives sixteen separate houses in all and
makes possible a great range of controlled greenhouse conditions
suitable for a variety of experimental work.

. ' Seeciar, CONTROLS

Provisions are made for the control of a number of environmental
factors which affect the growth, form, structure and chemical con-
stitution of plants. The controls as now established include temper-
ature, constant condition light and dark rooms, auxiliary lighted green-
houses, spectral-glass greenhoubes humldxixcl greenhouses and carbon
dioxide plant.

Temperature Controls

‘Provision has been made for accurate temperature control within
Vety narrow hrmts yet of such a range that any required temperature
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can be maintained. The range of controlled temperature is provided
by using refrigeration for low and electrical heating for high temper-
atures, with a combination of these to produce intermediate tem-
peratures. Accurately controlled temperatures above the room tem-
peratures are obtained in laboratory ovens, heated electrically and
controlled by electric thermo regulators. Accurately controlled tem-
peratures below room temperatures are provided by similar ovens
placed in the refrigeration room. The latter can be held at any
temperature desired down to zero degrees Fahrenheit. This room is
located on the first floor and is well insulated with heavy cork walls
(ig. 2). Provision has also been made for a similar room above it
on the second floor and below it in the basement, both of which
may be equipped if additional cold storage room is required.

The two refrigeration plants are interconnected so that the unit
suited to the load can be utilized (fig. 3). Calcium chloride brine at
a temperature of zero degrees Fahrenheit is conveyed from the machines
through well-insulated pipe lines to the refrigerator room and to many
smaller box type refrigerators located in the laboratories of each
department. Refrigerated brine is also available for use in the
greenhouses. A part of the ammonia compressed by the machines is
also used in cooling water for humidity and temperature controls in
other parts of the building and for cooling potable water.

Constant Condition Light and Dark Rooms

The constant condition light and dark rooms are located in the
basement under the first greenhouse. They consist of two adjoining
rooms, each eleven feet square, connected by a short, closed corridor to
facilitate transfer from one room to the other with minimum inter-
ference with conditions. The light room is illuminated by twenty-five
one-thousand watt lights suspended from the ceiling. Temperature is
controlled to within one degree and humidity to within two percent
in both rooms by partial or complete re-circulation of the air through
a spray tank maintained at a constant saturation temperature, or dew
point. Temperatures can be held in both rooms as low as ever obtains
in nature during the growing season, or can be raised to simulate the
hottest days of summer. Light intensity can be decreased by turning
off some of the lamps, which, owing to proper spacing and switching
arrangement, does not affect equal distribution of light. Intensity
in the constant light room is of the order of four hundred foot candles
while the maximum of sunlight at noon in June is of the order of 10,000
foot candles. When one considers that ten foot candles is an un-
usually high intensity for office lighting he can appreciate the visual
brightness within this room (fig. 4).

The system of lighting is sufficiently flexible to make possible
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considerable increases in intensity. Since tungsten lamps are much
richer than sunlight in the heat rays of the spectrum, a ray filter; con-
sisting of a sheet of plate glass over which water is continuously
circulated, is interposed between the lights and the growing plants.in
order to protect against excessive heating. Provisions are also made
for introducing mercury vapor lamps to supplement the tungsten
lamps which are poor in blue and violet rays.

Awuxiliary Lighted Greenhouses

Two of the greenhouses are equipped for supplementing daylight
by artificial light at night.- The equipment consists of a large gantry
crane electrically driven so it can be easily moved over the greenhouse
at night and be removed in the day time. The crane carries forty-
eight one-thousand watt lights, so spaced as to give uniform intensity
over the center area of the greenhouses. This enables the investigator
to lengthen the daily period of natural illumination at will, with an
intensity of light amounting to four or five hundred foot candles (figs.
5 and 6).

Speciral-glass Greenhouses

A series of five spectral-glass houses makes it possible to test the
effects, upon the development of plants, of eliminating various portions
of the sun’s rays. House number one is covered with ordinary green-
house glass which absorbs the shorter ultra-violet rays; number two,
with glass that transmits all the visible rays and practically all the
ultra-violet; number three, with glass that absorbs all the ultra-violet

“ but transmits all the visible rays; number four, with glass that absorbs

the ultra-violet and blue but transmits all the longer rays; and finally,
number five, with glass that absorbs the ultra-violet, violet, blue and
most of the green but transmits the rest of the green and the yellow
andred. These houses make possible a study of the effect of the quality
of the light upon plant development so far as spectral glass now avail-
able permits such a study (fig. 7).

Humidified Greenhouses

A range of greenhouses is equipped with the necessary machinery
for controlling humidity along with temperature. This consists of a
system of metal air delivery ducts which bring humidified air from a
humidifier in the basement to the center of each greenhouse, and a
similar system of ducts which return the air to the humidifier. Air is
saturated in the tank with water vapor at a temperature which is
held constant and is then heated by steam to the desired greenhouse
temperature as it rises through the delivery ducts Air inside each
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greenhouse in the humidified range is recirculated through the humid-
ifier every two minutes. Humidity is controlled to within two percent
and temperature to one degree (figs. 8 and 9).

Carbon Dioxide Plant

The carbon dioxide plant as now established at the Institute con-
sists of four towers made of glazed tile, a pump for circulating sodium
carbonate liquor and a fan for moving flue gas produced in the boilers
from the combustion of coke, coal or fuel oil. In the first two towers
the gas is scrubbed with water and in the second two with sodium
carbonate solution. The gas is then driven directly to the green-
houses to be used for increasing the concentration of carbon dioxide
in the atmosphere of the greenhouse. Some injuries are produced on
certain plants by carbon dioxide gas obtained in this way, as it is not
entirely free from noxious gases. Additional towers where gases can
be scrubbed with acid or perhaps other reagents are now being installed
(fig. 10).

The aim is to determine the concentration of carbon dioxide that
is best for the growth of various plants, the best daily period for main-
taining this concentration, the best method of purifying the flue gas
and the possibility of commercial application. When one realizes
that more than forty percent of the dry weight of the plant is carbon
and that this carbon is all obtained from the carbon dioxide of the air,
he appreciates the importance of such studies.

Central Temperature, Humidity and Radiant Energy Recording
Station

The temperatures and humidities of the greenhouses, spectral-glass
houses, constant condition rooms and the constant temperature cham-
bers in the refrigeration room are recorded as desired at a central
station. This is accomplished by electrical resistance thermometers
in the several rooms or chambers which are connected by wires to the
recording apparatus at the central station. The daily solar radiant
energy is also recorded at this station by means of a pyroheliometer.

LIBRARY

The nucleus of the collection was formed in 1922 when the Director
purchased the major portion of the library of the late Philippe Van
Tieghem of Paris. At this time he also personally inspected the hook
stocks of all the important German, English and French dealers and
due to post—war conditions was able to secure many complete sets of
periodicals. .

The files of the United States Department of Agriculture and the
state agncultural experiment station publications are nearly complete.
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The foundation for the agricultural literature was made by the purchase
of the library of the late Dr. F. W. Woll of the University of Wisconsin
and the University of California.

In all there are about 10,000 volumes. These are arranged ac-
cording to the Library of Congress classification and Library of Congress
cards are used in the cataloging wherever available. One hundred
and seventy-five periodicals, exclusive of public documents, are cur-
rently received and nearly one-half of these are complete from their
first issue. A trained librarian is in charge.

PHOTOGRAPHIC EQUIPMENT

There is a completely equipped modern photographic department
consisting of a photograph room and two adjoining dark rooms for
developing and printing. Apparatus is provided for photography,
microphotography and moving pictures.

CHARTER OF THE INSTITUTE

Boyce Thompson Institute for Plant Research, Inc. is incorporated
under the Membership Corporation Law of the State of New York.
The following, excepting notarial and other certificates, is a true copy
of the certificate of incorporation filed October 28th, 1924 in the office
of the Secretary of State of the State of New York and in the office of
the County Clerk of Westchester County, N. VY.

TugE UNIVERSITY OF THE STATE of NEW YORK

STATE OF NEW YORK}
SS.
CounTy OF ALBANY
Pursuant to the provisions of section 59 of the Education Law the
Regents of the University of the State of New York do hereby consent
to the filing of the annexed certificate of incorporation of ‘‘Boyce
Thompson Institute for Plant Research, Inc.” as a membership cor-
poration under and pursuant to the provisions of the Membership
Corporation Law.
IN WrrNEss WHEREOF, I, Frank P. Graves,
President of the University of the State of
New York and Commissioner of Iidu-
cation, do hereunto set my hand and
(SEAL) affix the seal of the State Education
The University of Department at the City of Albany, this
The State of New York 28th day of October, 1924.
Frank P. GrRaVES
President of the University of the State of
New York and Commissioner of Edu-
cation.
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CERTIFICATE OF INCORPORATION
BovceE THOMPSON INSTITUTE FOR PLANT REsEArcH, INnc.

We, the undersigned, all being of full age and all except one citizens
of the United States, and a majority of us being residents of the State
of New York, desiring to form a corporation pursuant to Article 3 of
the Membership Corporation Law of the State of New Vork, do hereby
certify as follows:

First: The name of the proposed corporation is BovyceE THOMPSON
INSTITUTE FOR PLANT RESEARCH, INC.

SEconND: The object for which the corporation is to be formed is to
make, institute, conduct and carry out all and every manner and kind
of scientific agricultural, horticultural, biological or metallurgical
experiment, research, study and investigation, and in any other way
to assist in improving and developing plant and animal life, and to
publish or otherwise disseminate or communicate information or advice
with regard thereto. It shall be within the purposes of said corporation
to use any means to those ends which from time to time shall seem to
it expedient, including the establishmert and maintenance of any
activities, agencies and institutions, trust, fellowship or scholarship
funds appropriate thereto, and the aid of any such activities, agencies
or institutions already established, or which may hereafter be estab-
lished. The corporation shall have power to acquire, by grant, gift,
devise or bequest, either absolutely or in trust, and to hold and to
dispose of, such property, real or personal, as the purposes of the cor-
poration shall require, without limitation as to amount or value, except
such limitation, if any, as is now or may hereafter be imposed by the
laws of the State of New York; to apply for, acquire, and own any
patent or patent rights, and to sell, lease or license the use of the same;
to accept and administer in trust all property, real or personal, for any
purpose within the objects of the corporation, and to prescribe, by
by-laws or otherwise, the terms and conditions upon which property,
real or personal, shall be acquired or received by said corporation.

By way of amplification and not by way of limitation of its powers,
it shall further have power to build, purchase, improve, enlarge, equip
and maintain laboratories and other buildings in the City of Yonkers,
in the State of New York, and elsewhere, necessary or appropriate for
its work; to own and operate land and buildings for the study of plants
or for any other of its purposes; to furnish treatment for plant diseases,
and to provide and maintain all necessary equipment therefor; to
conduct and assist such scientific experiments or investigations upon
plants as may be necessary or proper for carrying on its work of
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research; to appoint committees of experts to direct special lines of
research; to aid, cooperate with or endow individuals, associations or
corporations engaged in similar work or in preparation thercfor,
within the United States of America or elsewhere; to aid or cooperate
with investigators in its own laboratories or elsewhere; to collect
statistics and information, and to publish and distribute documents,
reports and periodicals; to carry on such educational works along the
lines of its corporate purposes as it may deem wise, and to conduct
lectures and hold meetings; to erect and maintain museums, and in
general to do and perform all things necessary or convenient for the
objects of the corporation, or any of them. Such activities are to be
carried on for the advancement of human knowledge, and no part of
its earnings or net income is to enure to the benefit of any stockholder.

Upon the dissolution of the corporation any property, real or
personal, of the corporation then remaining after the pavment and
discharge of its obligations and liabilities, shall be transferred, con-
veved, delivered and paid over to such institution or institutions upon
stch terms and conditions, and in such amounts and proportions as
the directors shall determine, to be used by the institution or insti-
tutions receiving the same for the same purposes set forth herein or
similar purposes, and to be known as the Bovcr TrompsoN Funp or
Funps FOR PLaNT REsEARCH, and no member of the corporation shall
be entitled to receive any part of said property.

THIrD: The territory in which its operations are to be principally
conducted is the State of New York, but itis not to be restricted thereto.

FourtH: The town, village or city in which its principal office is
to be located is the City of Yonkers.

Frrra: The number of its directors is eleven.

Six1H: The names and places of residence of the persons to be its
directors until its first annual meeting are as follows:

Name Address
William Boyce Thompson, 1061 North Broadway, Yonkers, N. Y.
Margaret T. Schulze, 300 Park Avenue, New York, N. Y.
Theodore Schulze, 300 Park Avenue, New York, N. Y.
William Crocker, 1086 North Broadway, Yonkers, N. Y.
John M. Coulter, University of Chicago, Chicago, 11l
Lewis R. Jones, Department of Plant Pathology, Univer-
. sity of Wisconsin, Madison, Wisconsin.
Frederick J. Pope, 1086 North Broadway, Yonkers, N. Y.
~ Caleb C. Dula, 1109 North Broadway, Yonkers, N. Y.
‘Frederick H. Ecker, c-o Metropolitan Life Insurance Co.,

1 Madison Avenue, New York, N. Y.
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Name Address
Raymond F. Bacon, Pelham, N. Y.
Charles F. Ayer, 1 Slocum Street, New Rochelle, N. Y.

IN WrirNEss WHEREOF we have herunto signed our names and
affixed our seals this 25th day of October, 1924.

William Boyce Thompson
Margaret Thompson Schulze
Theodore Schulze

William Crocker

Frederick John Pope

Caleb C. Dula

Charles F. Ayer

The foregoing certificate of incorporation of Bovce THOMPSON
INSTITUTE FOR PLANT RESEARCH, INC. is hereby approved.

DaATED, October 27th, 1924.
VERNON M. Davrs,
Justice of the Supreme Court.
(Notarial certificates, etc., omitted.)



ADDRESSES
At Official Opening of the

BOYCE THOMPSON INSTITUTE FOR
PLANT RESEARCH, Inc.

Wednesday, September 24, 1924

Proressor JouN M. CoULTER, Presiding,
Professor of Botany, Unwversity of Chicago, Chicago, Illinois

It is my privilege on this occasion to act as spokesman for the Boyce
Thompson Institute for Plant Research, and for its Board of Di-
rectors. Your presence here bespeaks your interest in this great
enterprise, an interest which we trust will increase as time goes on,
because justified by the results. We greet you, therefore, as friends
and well-wishers. Become acquainted with the opportunities, and
tell your friends of the great project that is now under way, and also
of its significance in public service.

In my judgment, this Institute stands for an epoch in the history
of botanical science in this country. Botany has come to be recognized
as a great national asset, dealing with problems that are of fundamental
service to the whole population. It has been said that the science of
Medicine serves the unfortunate minority, while the science of Botany
serves every one. The public is beginning to realize our general de-
pendence upon plants and their products, and the relation of botanical
research to our better cultivation of these resources. It is this point
of view that has rehabilitated Botany in public estimation as a science
of first importance to human welfare. It is very timely, therefore,
that an Institute for Plant Research should be established, to carry
forward work so fundamental to the interests of mankind, and Botany
is to be congratulated that the founder of this Institute has had such a
prophetic vision of the future.

Looking now to the future, there are certain general tendencies
that can be projected and thus enable us to adjust ourselves to the
inevitable direction of progress. I am confident that a progressive
spirit will animate the Boyce Thompson Inmstitute, a spirit that is
dynamic rather than static, and it is this feeling that led me to speak
of this occasion as representing an epoch in the history of Botany.
Botanical research is going on in scattered institutions throughout the
whole country, but in practically every case with handicaps in freedc 1
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of opportunity and equipment. Such a center of research as we are
formally opening today furnishes the necessary freedom of opportunity
and equipment, and cooperates with all other institutions to their
mutual advantage. In other words, it represents a synthesis of bo-
tanical research, helping to coordinate the segregated units.

" I wish to name three tendencies in Botany which seem to me to be
significant of the future.

One growing tendency is to attack problems that are fundamental
in connection with some important practice. The outstanding il-
lustration, of course, is the increasing attention given to the problems
that underlie agriculture; but there are many other important practices
also which are bedded in botanical investigation.

A second tendency is an increasing realization of the fact that
botanical problems are synthetic. Around each bit of investigation,
with its single point of view and single method of attack, there is
developing a perspective of other points of view and other methods
of attack.

A third tendency is the growing recognition of the fact that struc-
tures are not static that is, inevitable to their last detail; that what
we see are responses to varying conditions. This means the develop-
ment of experimental control, to understand the behavior of Nature
rather than to observe simply the random results of her activities.

Of course the most important ideal of Botany, as of all sciences, is
to extend the boundaries of human knowledge, the goal being to
understand Nature. This ideal includes no thought of making Nature
a servant to minister to our needs. To know Nature simply because
it is wonderful and worth knowing is what it means. Such investi-
gation is like the exploration of an unknown continent. Every advance
into the new territory impresses us with the fact that it is far more
extensive than we had dreamed. Every trail is worth following because
it means additional knowledge. Some trails may lead to rich farm
lands or gold mines, but in exploration these are only incidents. To
understand the new country, all trails must be followed and mapped.

To summarize the whole situation, I would say that the ideals of
this Institute are (1) to understand plant life, that the boundaries of
human knowledge may be extended, and man may live in an ever-
widening horizon; and (2) to apply this knowledge to the service of
man, that his life may be fuller of opportunity.

It is a great mission, and may the future justify the thought and
hope that this Institute represents.
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AIMS OF BOYCE THOMPSON INSTITUTE
FOR PLANT RESEARCH.

Docror WiLLiaM CROCKER, Director.

Mr. Chairman, neighbors, fellow scientists and friends of Boyce
Thompson Iastitute for Plant Research.

MaN’s DEPENDENCE UPON PLANTS

On this occasion it is well to stop for a moment to consider the
great importance of plants to ourselves. Such consideration will
throw much light on the significance and aim of the Institute we are
dedicating today.

The energy of the gas that runs our automobiles, of the coal that
heats our homes and furnishes power for our factories and railroads
and of the food that warms our bodies and gives energy for our physical
and mental activities is all fixed by the green leaf of the plant from the
sunlight. The total of the energy thus fixed and deposited in coal,
petroleum and other organic materials of the earth amounts to millions
of trillions of calories—numbers quite beyond human comprehension.

Human beings and animals are just as dependent upon plants for
the materials out of which their bodies are made as they are for the
energy just mentioned. The sugars, out of which all organic materials
of living organisms are made, are manufactured by plants in the same
chemical reaction in the green leaf that fixes the energy from the
sunlight. The green leaf of the plant is the world’s most wonderful
chemical factory and powerhouse!

The proteins or albumin-like bodies—that are always the main
constituents of living matter—can be made without limit only by
plants. Several of the score of building-stones, or amino acids, that
make up proteins can not be made by animals but must be made and
furnished to them by plants.

We all hear much about vitamines these days. They are necessary
in many ways for the development and normal functioning of the
animal and human body. They are preventers of several human
disorders. One of the latest discovered is even necessary for repro-
duction in man and animal. So far as evidence now shows the vita-
mines are made mainly and probably exclusively by plants.

If I may be pardoned for venturing still farther into a scientific
field not my own, I will suggest that the outstanding advance in
animal physiology during the last two decades has been in the know-
ledge of two groups of substances that to a great degree control the
development and regulate the functions of the human and animal
body. These are the vitamines, which we have just discussed, and
endocrines, or secretions of ductless glands. In a few years ‘‘endo-
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crines” will be as much an everyday newspaper term as is * vitamines”’
today. We are all acquainted with one of the endocrines, insulin,
the newly discovered and almost miraculous remedy for the formerly
baffling disease, diabetes. Knowledge of these substances is rapidly
giving man control of human development and in part, laying scientific
foundations for a new medicine. It is more than interesting that a
substance very similar to, if not identical with insulin, is abundant in
plants.

Are plants in part, or in the main, the ultimate source of endocrines
for animals, as they are the ultimate source of vitamines?

Again the abundance of vitamines and the presence of endocrine-
like substances in plants raises the question of the function of these
bodies in plants themselves. This is a field of plant science of which
we know nothing at present and a field the mastery of which may
give unexpected control of plant development.

This brief enumeration of facts and unsolved problems shows the
intimate and many-sided dependence of man upon plants. No
science is more fundamental to life and more immediately and multi-
fariously practical than plant science. In plant science are enough
unsolved riddles to tax the best scientific genius for decades to come.
Doctor Haldane, an English biochemist, has recently written a fas-
cinating and prophetic little book, Daedalus, based upon recent ad-
vances in animal physiology and biochemistry. Because of the
control these advances are giving man over human development,
disease and activity, he pictures the biologist as the miracle man of
the future.

EcoNOMIC SIGNIFICANCE OF PLANTS

Now let us look in a very practical way at the significance of plants
and plant research. In 1919 the total raw agricultural products in
the United States were worth about 24 billion dollars—more than
enough to cancel our entire national debt. In 1922, with the low
prices, these products were worth fourteen and one-half billion dollars.

Using round numbers, two-thirds of this was used as plant material

and one-third as animal. The animal material was plant before being
converted into animal, at a tremendous loss of energy and material.
A billion dollars is a lot of money. Had one begun saving at the rate of
a dollar a minute with the beginning of the Christian era he would now
be a little beyond the billion dollar mark. These facts give some con-
ception of the enormous economic significance of plant agriculture in
the United States. The great diversity of crops, of soils and of climatic
conditions, under which these crops are grown, add to the multiplicity
and difficulty of-the problems arising in this field.
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After the Civil War the rich virgin lands of central and western
United States were rapidly. put under cultivation. This was made
possible by the development of transportation facilities and improve-
ment of farm machinery. As a consecquence, for a number of decades,
agricultural production increased faster than the population and this
country became a great exporter of agricultural products. But there
was a limit to new land, so there came a time when the population
increased faster than agricultural production. As nearly as can be
determined, as a matter of averages, this focal date is 1906.

Tur FUTuRE POPULATION AND Foob SupPLy OF THE UNITED STATES

At any rate we are now living in a period when the population in
the United States is increasing faster than agricultural production
and our exportable excess is decreasing. If we may judge from sta-
tistics on growth of population and agricultural production, our con-
sumption will -equal our production in fifteen or twenty years. In
fifty vears our population will be one hundred ninety-five millions.
This will demand about seventy-five percent more food than we
produced annually during the period 1911 to 1921.

After fifty years our population will continue to grow and demands
for food will continue to increase. We can not meet this ever-growing
demand with additional rich acres. The rich acres of this country
are now largely under cultivation. Greater production must be brought
about mainly by increasing yields on fertile lands and by making poor
lands more productive, As a foundation for such increases, yvears of
basic scientific research will be required on propagation from seeds
and cuttings, cultural methods, use of fertilizers, production of new
and better breeds of plants, control of plant diseases and insect pests,
and methods of harvesting, shipping and storing.

NEED OF CONTROLLED CONDITIONS FOR PLANT RESEARCH

Most excellent research on plants has long been under way in the
United States and many other countries, but there have becen very
.definite needs of strengthening this research in certain important
directions. _

There has been the need of controlling accurately and on a rather
"large scale for the entire life of the plants all of their growth con-
ditions—light (quality, intensity and daily duration), temperature,
humidity, carbon dioxide concentration of the air, as well as soil con-
‘ditions.  In' your inspection this morning you saw our attempt at
- working out such controls on a considerable scale. In spite of making
use of the best engineering skill available today in the construction
o-ff the control greenhouses and chambers we find that much research
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must be done in perfecting certain of these controls along with the
years of research necessary to establishing the laws of plant develop-
ment that such controls make possible. Because of lack of engincering
knowledge and mechanical development we have thought it best to
install originally only a proportion of the controls we expect finally to
put into operation. We hope that advances in mechanics and dis-
coveries made with the present controls will enable us to improve the
later installations and build them at less cost.

FUNDAMENTAL RESEARCH AND PLANT PRODUCTION

The quickest way to solve, finally, many of the practical plant
problems is a thorough-going long-time investigation aimed at the
establishment of basic principles. One of the weaknesses of democracy
is the fact that it is hard to get legislators to see the desirability of
appropriating funds for such research. If the legislators do see the
desirability they may be unable to convince their constituents of this
necessity. Our excellent government and state institutions as well
as other plant research institutions in the United States have been in
need of an institute or institutes where some of their basic long-time
problems can be taken and worked out with adequate equipment and
with the aid of a well-rounded able scientific staff. Bovce Thompson
Institute hopes to aid in supplying this need. If I may judge from the
interest that other institutions have shown, and from the number of
young agricultural and botanical investigators desiring to work here,
the present capacity of our building will soon be overtaxed and we
shall need to think of building others of the additional three units
that are to complete the proposed quadrangle of the Institute.

EQuiPMENT AND ORGANIZATION FOR RESEARCH

Scientific research is of necessity inefficient, for it is a matter of
exploring an unknown country where there is only the merest hypo-
thetical suggestions of where the great treasures lie. In some insti-
tutions in the United States plant research has been made even more
inefficient because of inadequate equipment and because the scientific
workers are compelled to do work that ought to be done by engineers,
mechanics, stenographers, librarians and even laboratory boys.
Scientists generally do these other lines of work very poorly and at
great cost. We are trying to build up an organization where the plant
investigator can devote all his time to the subject matter and technic
of his field. In short, we are trying to make our scientific work as
efficient as possible considering its inherent nature. We are finding
that such an organization requires about one other worker to each plant
. scientist. :
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COOPERATIVE ATTACK ON PLANT PROBLEMS

The unsolved problems in our sciences, more especially biological
sciences, are becoming more and more complex and difficult. In the
main the easier problems were solved first. Many of these problems
are so complex that one man can not acquire enough knowledge or learn
enough technic to solve them. Several scientists of different training
and technic must combine for their final and quick solution.

I can best illustrate this need of concerted all-sided attack on
modern scientific problems by a quotation from a little ﬁamphlet,
“The Future Independence and Progress of American Medicine in
the Age of Chemistry” written by a committee of the American
Chemical Society.

“When it became clear during the recent war that poisonous gas
was to constitute an important munition, our country called to its
service a great group of its ablest research chemists to provide efficient
means of defense and to solve those problems of production which
would provide our field forces with an ample supply of this new
weapot.

“Not to the professional inventor nor to the accident of hap-hazard
discovery was this grave responsibility assigned, but to the trained
workers in systematic research  Nor were these men asked to under-
take this vital work in the seclusion and isolation of their respective
laboratories, but they were assembled at the American University
Experiment Station on the outskirts of the City of Washington, under
one roof as it were, where, by daily, nay hourly conference, utmost
speed could be secured in the solution of those problems on which the
question of life and death so closely hung. ,

“But these chemists found that they alone were inadequate for the
task. To supplement their special skill and knowledge there were
added to the staff pharmacologists and experimental pathologists.

“’T'hrough the combined efforts of these groups, working in closest
association and provided with ample facilities for research, results
were accomplished with a speed and certainty which amazed all. The
paths to agencies for both defence and offense were clearly pointed
out and large scale production quickly followed."”

The necessity for this manner of approach to large scientific prob-
lems is well illustrated in plant science by the attack the Institute is
making upon the puzzling and destructive group of plant diseases
included under the names of mosaic diseases, virus diseases and yellows.
The attack is headed by a plant pathologist. As the diseases -are
largely carried by insects,.an entomologist is associated with him.

Unlike the other two groups of plant diseases caused by bacteria
on one hand and by fungi on the other, the causative agent of mosaic
and yellows diseases of plants i¥not known. There is, however, marked
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similarity between the insect transmission of some of these plant di-
seases and insect transmission of yellow fever, malaria and sleeping
sickness, diseases of man caused by microscopic animals called proto-
zoans. This and other evidence raises the suspicion that some of the
yellows and mosaic diseases of plants may be caused by protozoans.
Consequently, a protozoologist has been associated with the plant
pathologist to investigate this possibility. Chemists of various
training a microchemist, a plant physiologist and others are included
in the team working on this problem.

We propose to use this method of coordinated all-sided attack on
many of our projects so far as it will make for most rapid advance and
not interfere unduly with individual initiative. Our permanent staff
is selected with this in mind.

FELLOWSHIPS

Besides the attempt to organize a well-rounded able permanent
staff we propose to establish a system of advanced research fellowships
for the purpose of giving able young men an opportunity to develop
further their research ability under the guidance of the permanent staff
and with the use of adequate equipment. It is believed that a con-
tinual flow of temporary younger appointees through the Institute
will avoid stagnation and fossilization. This is a condition that
frequently occurs in research institutions which lack the rejuvenating
influence that comes from association with alert and ambitious young
minds. Cooperation with practical and scientific plant research
institutions ought to act also as an anti-fossilizer.

INTIMATE RELATION BETWEEN SCIENCE AND PRACTICE

In the study of plants, science and practice are capable of most
intimate association with reciprocal benefits; so our avowed aim,
fundamental research on practical plant problems, should offer equal
promise of advance in plant science and of improvement in practice.

Thus I have presented briefly, and I fear, in a rather fragmentary
way, the aims of the Institute we are dedicating today.

In closing, may I say that my co-workers and I have been greatly
inspired by the friendly and helpful interest shown by you here today
as well as in the past. Our greatest hope is that we shall be able to
lay the proper foundations for the realization of the great vision of
future usefulness that our far-sighted and generous founder had,
when he established and handsomely endowed Boyce Thompson
Institute for Plant Research.
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BOTANICAI, GREETINGS FROM EUROPE

PROFESSOR VERNON H. BLACKMAN
Imperial College of Science and Technology, London, England

I feel that it is a very great honor to be invited to come from over-
seas to take part in this opening ceremony. We in FEurope have for
some time looked with admiration, not untinged with envy, on the
munificent endowments for science which the generous-hearted and
far-seeing citizens of this great country have provided. That gener-
osity has been widely flung, for in England also we owe much to such
gifts from America as the Carnegie donations to Scotch Universities,
and the Rockefeller Foundation’s recent gift for medical work in
London. America has shown a natural reluctance to associate herself
with certain aspects of internationalism, but learning knows no geo-
graphical boundaries and in endowing it America is displaying an inter-
national spirit of the finest type.

This occasion is surely unique, for nothing in any way compar-
able with this endowment, fine building and equipment, has hitherto
been known in the history of botany. The scientific world has had to
want until now for one, who, like Colonel William Boyce Thompson,
not only possesses the material power to found such an institute but
combines with it the much rarer knowledge and prescience which en-
ables him to realize the fundamental value of plant research for the
advancement of science and the progress of mankind.

It is hardly necessary to stress the fact that nowadays the scientific
study of plants touches other sciences and the interests of humanity at
many points. It is often, however, overlooked that in this universe
plants are the foundation stone in the scheme of living things. As
between the two great groups—plants and animals—it is the plants
which occupy the premier position. Without the green plant the life
of all animals, including that of man, would soon come to an end, for all
animals are dependent for their food either directly or indirectly on
the green plant. This pivotal position of the green plant in the scheme
of nature lies in the fact that it alone possesses the power of manu-
facturing food materials, since animals merely change one food material
into another. The green plant is the great alchemist which alone of
living things has mastered the secret of transmuting the sun’s energy
into food. How this is done is still largely unknown and is one of the
pressing problems of plant physiological research, the further elucida-
tion of which is fraught with the greatest consequence to the human
race. It is not without the bounds of possibility that, when we have
some clearer knowledge of the chain of chemical processes which are
involved, we may be able to dispense with the living plant and make
our food directly from the sun’s energy. I may say that the plantis a
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singularly inefficient machine for the purpose, using only about 1 per-
cent of the energy it receives. It is not altogether a dream to conceive
of the scientific man of the future developing an artificial machine of
much greater efficiency.

The study of disease in plants is certain to give results of great
importance not only to agriculture and horticulture but to human and
animal pathology as well. An institute like this which is not respon-
sible for controlling the diseases of any particular area or any par-
ticular crop seems peculiarly well-fitted to investigate the more general
aspects of plant disease on which progress in some directions depends.
Though there are marked differences between the diseases of man and
of the lower animals on the one hand and plant diseases on the other,
there are also fundamental similarities between the two and knowledge
in one field will certainly serve to illuminate the other.

With the realization of the great complexity of scientific problems
it is being more and more recognized that difficult biological investi-
gations, such as many of those of human physiology and medicine, are
not likely to make much progress unless the attack on the problem is
based on the broadest foundation. One may take, as instance, the
problem of cancer. The cause of cancer is quite unknown but what is
well known is that certain parts of the body cease to act as good citizens
working for social harmony in the republic of the body Instead they
throw off theirallegiance to the body politic and, starting an independent
life, prey upon the other members. Harmony in the relationship of
the various parts of the body is replaced by disharmony, leading finally
to death. To elucidate the cause of the disharmony is one of the
problems of cancer research but the difficulty of the investigation is
much enhanced by our ignorance of the nature of the means by which
the harmonious development and working of the various parts of the
plant body, which is so characteristic of the healthy living being, is
achieved. It would clearly be a great step in advance if we could ex-
plain this harmony, this coordination between the various parts.
What, for example, is the nature of the control which ensures that the
two arms of a man grow to the same size, and that the size of the de-.
veloping leaves is adjusted to the strength of the stem of the plant?"
The question of the coordination in the living body is one which
probably is more easily attacked from the plant side than from the
animal. It would seem then that plant research in addition to its
contribution to horticulture and agriculture has a definite contribution
to_make, even to such a very specialized problem as that of cancer in
man.

The inter-dependence of the various branches of science is being
brought home to us every day and plant research may at any moment
illuminate other problems of human physiology and medicine. I may
perhaps be excused for referring to another case. Now that insulin
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has been discovered, the central research problem in diabetes (for in-
sulin is only a corrective, it does not cure the diseased condition) is
the nature of the process by which the sugar circulating in the blood is
burnt up in the normal individual but not in the diabetic one. Now
this is the problem of the respiration of plants—by what means do they
burn up sugar at the ordinary temperature? If the problem were
solved or partially solved, it could not fail to help in the elucidation
of the problem of diabetes.

If I may, I should also like to express a hope that some of the work of
this great and growing Institute will be in the fields which at present
have no obvious economic or humanitarian implications. The whole
super-structure of applied science is built upon pure science and if the
latter is starved, applied science is the first to suffer. One may add a
little to the edifice already erected, but without pure science there are
no foundations on which to build further.

Some of you may have heard of the reply of Faraday who showed at
the Royal Institution of London the experiment which served as the
starting point of the dynamo, and on which the whole of the gigantic
modern electrical industry is built up. 7The experiment was the
demonstration that you can produce an electric current in a wire by
moving a magnet in its neighborhood. After the demonstration of
this epoch-making discovery a lady in the audience said at the con-
clusion of the lecture, “‘But, Professor Faraday, even if the effect is
obtained, what is the use of it?’’ Faraday then made the memorable
reply “Madam, will you tell me the use of a new-born child?” The
newly discovered fact of pure science may appear a weakling of little
importance or of little economic value at the moment but from it may
develop a completely new industry and a new power over nature.

I cannot claim to be an official delegate from Europe, but I have
talked with many botanists and they all realize the beneficent activities
of such an institution as this where research can be carried out by
workers untrammelled by teaching duties and under conditions and
with an equipment which in some fields of physiology far surpasses
anything that has hitherto been available. The botanists of Furope
send their greetings and ask me to express their gratitude to the founder
of this Institute for his magnificent generosity and far-sighted outlook.
Gratitude has been defined by the cynic as a lively expectation of
favours to come. In this sense also the botanists of Europe have a deep
feeling of gratitude to Colonel William Boyce Thompson, for under the
able management of the Board and with a Director of the scientific
eminence of Doctor Crocker, we look forward to research work of the
highest quality, work illuminating many dark places of botany, work
which this Institute will assuredly achieve.
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AMERICA’S NEED FOR PLANT RESEARCH

Pro¥ESSOR LEWIS R. JONES
Detartment of Plant Pathology, University of Wisconsin,
Madison, Wisconsin

Research is an essential factor in the higher life of man. It always
. has been—it always must be. Since the “‘garden of Eden’ man has
faced the challenge of nature on every hand. From the dawn of
human existence when mind-endowed man was ‘“given dominion’ —
given potential control of nature’s resources proportioned to his under-
standing of nature’s laws—our intellectual pioneers, in each generation
and group of men, have climbed the brinks of human knowledge in
eager effort to spy out new fields. Zeal for truth—this instinctive
human response to the challenge of the unknown—is the birthright of
every child, its maintenance in some degree and kind is an essential
to the healthy intellectual life of every man. In earlier days, contri-
butions to human knowledge might come from the layman, working
single-handed, a Newton, a Hale, a Franklin, his only endowment
native genius and dogged persistence, perhaps the home attic his
workshop. But the complexities of modern science demand the
laboratory and the coordinated efforts of many men of differing
knowledge or skill. = What is true of modern business or industry is
. true of research. The efficient advancement of science requires or-
ganization and equipment. Therefore, the maintenance of our
scientific self respect, of our racial intellectual integrity, of worthy
progress in mastery of our environment, requires that we recognize
and encourage research group leadership and that we create research
institutions dedicated to serving society collectively where as in-
dividuals we can no longer serve ourselves.

Certainly as a plant lover, plant cultivator, plant student I could
not from my study window survey my garden with satisfaction, or
in vacation days wander care-free in northern wilds, did I not sub-
consciously realize that the age-old challenge to ever-deepening, more
intimate knowledge of the secrets of surrounding plant life is being
sensed and met by the coordinated efforts of many searchers and with
the ever-increasing equipments of modern science.

I have aimed thus to express my earnest conviction of this need for
research, either personal or by proxy, as a basic element in the intel-
lectual life of man. Any people, any social group which neglects it
must undergo mental atrophy. And if this research need results, as I
believe, from the inherent human necessity of squarely looking life’s
problems in the face, then the place of such an institution as we are
today dedicating is fundamental and enduring. For among all of
nature’s challenges those which must always be most keenly felt by
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man as a living creature are the problems of life itself. The ‘‘riddle of
the universe” is wrapped in the origin, the operations, the very nature
of the phenomena we term life.

““Flower in the crannied wall, , =
I pluck you out of the crannies;
Hold you here,—root and all,
In my hand, little flower—
But if I could understand
What you are, root and all, and all in all,
I should know what God and man is.”

If our intellectual and spiritual needs did not force us to seek to -
know ever more and more of the laws of plant life, our material needs
would so do. Man’s success in plant culture is, so far as science can

-now fortell, the basic measure of the future material progress of the
human race.

The world’s food problem is at bottom the problem of plant growth.

We can progresswely solve it, meeting the increasing needs of an ==
ever-increasing population by increased food production only as:we
delve deeper into the laws governing plant life processes—-nutrition,
reproduction, loss by disease.

If, therefore, we accept the inherent needs of man’s intellectual life
as the fundamental justification of permanently endowed research, we
may turn to his physical needs as arguing for a liberal share of any

* funds dedicated to the social betterment of the race.

Rarely, I believe, has there been clearer promise of reward in the
research field than is the case today with certain plant problems.

If specific illustrations are desired one may turn most wisely to
his own professional field. Let me invite ctonsideration therefore of
the opportunity and need for research upon the problems dealing with
plant diseases—their nature, cause and control.

The challenge of the mosaic diseases

The importance of germs as causal agents in disease holds for
plants as for animals. The germ theory of disease, based on the
modern conception of parasitism, was, indeed, first established with
plants. But although for two generations we have been perfecting
our knowledge of the parasitic fungi and bacteria which cause rusting
or blighting of crops, we are today challenged by a disease complex
more baffling and possibly more serious than any ever faced before.
Fach year there is an insidious increase in the prevalence of the so-called
‘“‘mosaic’ maladies upon our plants, yellowing, mottling and dwarfing
foliage and fruit with disastrous results. First one crop plant and then
another has fallen subject to it,—peach and cane fruits, tobacco and
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cucumber, potato and tomato, lettuce and spinach, corn and sugar
beet, aster and dahlia. FEach year the list lengthens among our food
plants and flowers;—but quite as significant is the fact that many
wild plants and weeds are also included. The especially portentous
thing is that this type of disease is subtly infectious like the com-
parable “‘virus” diseases of animals,—the hoof and mouth disease,
rabies and small pox. No microscope has revealed a causal “‘germ,”
but whatever the nature of the “‘virus,” it is readily carried by sap-
sucking insects from diseased to healthy plants. Even more startling
is the frequency with which the “‘virus’ has proved inoculable from
one type of plant to another. Thus it may be transmitted from cul-
tivated plant to weed and after over-wintering in the fence-row-
perennial, again return the next season to ruin the adjacent field crop.
For some years the increasing loss with potato and other food plants
from these virus maladies has convinced pathologists of their serious-
ness. This was, however, recently brought home in a most striking
way to commercial interests when the sugar cane fields were invaded
by it—first in Hawaii and the Orient, then in Louisiana, now in Cuba.
The possible significance in cost of living resulting from a world-wide
crippling of the sugar industry is startling. Were we in the United
States not sufficiently alarmed by such a suggestion we may add the
further possibility that this cane “‘virus” may be transferable to corn.
What more alarming tax could be imposed upon American food pro-
ducts than the affliction of our basic crop—Indian corn—with a serious
toll-taking disease?

What is to be done about it? One thing, and one thing only,—
research, and more research! Find out what is the nature of this
“virus,” the cause of this insidious new plague creeping over our
chief crop plants. The evident and temporarily expedient things will,
of course, be cared for by our present scientific organizations, either
as supported by public funds, or with emergency financial help from
the industries threatened. But the long-time basic studies essential
to the ultimate solution of this and similar problems, need the en-
couraging stability and resources of research foundations permanently
endowed for such purposes. I am glad to note not only that this has
been assured by this Institute but that important additions to our
" knowledge of certain ‘‘virus” diseases are already coming from these
new laboratories,

I might cite other things;—concerning the need of researches upon
‘the fundamental nature of parasitism, for which we look for leadership
and advice to our English guest of honor; upon the relation of environ-
ment, temperature, moisture, light, atmospheric composition to the
plant functions—whether in health or disease—for which our Scientific
Director has already equipped this Institution in a way heretofore

undreamed of; or.upon the possibilities, through plant breeding or
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selection, of progressively perfecting sturdier strains or types of our
ornamental or crop plants—which through resistance to disecase may
solve, let us hope for all time, the problems of control of certain plant
plagues which now exact their profit—taking tax from garden orchard
and field. As earlier said, there never has been a time in human
history more opportune for plant researches with assurance of worth-
while progress.

Some may still question whether the several State and National
agricultural institutions supported by public funds are not adequate
for research upon these and related problems dealing with plant disease
control and other lines of applied botany. There can be no doubt that
the responsibility should remain with them to meet local and temporal
needs. But these very things must in the future as in the past inevit-
ably distract and drain a vital part of their resources and energies.
Tax-supported institutions, and the men located at them, cannot as a
rule follow at will the fundamental aspects of research problems even
where these develop out of the applied aspects. Far be it from me
to say that they cannot and should not do this in some measure,—so
far, indeed, as is practicable and compatible with their immediately
pressing responsibilities I should much regret it if anyone interpreted
these statements as indicating any lack of emphasis upon either the
rights or duties of workers in State or National institutions concerning
the fundamentals of science underlying their problems.

Emphatically would I affirm, that it is out of my very faith in this
right, born out of long experience in such State work, that I define and
defend this need for help through endowment. Several years ago this
need for an amply endowed research institution to supplement those
now existing was clearly voiced by the American Phytopathological
Society. It is noteworthy both that the Institute we now dedicate
corresponds in essentials with the conception of this national society.
It is further to be noted that it is the clearly-defined wish of its founder
that this Institute shall supplement and not supplant any other existing
research agencies. From its open doors stimulating and strengthening
influences are radiating From these, at last, comes assurance that
whatever may be the fundamental lead opened by anyone in such
other institution, here may be opportunity and facilities for its ultimate
development.

If we recognize this need in plant pathology even more clearly
does it exist in these other lines of plant science, like physiology, where
the applications are not so evident or so directly sought. Opportunity
has heretofore existed along these lines in many of our universities
and in connection with a few botanical gardens and similar scientific
institutions. But in none of these have we had either the assurance of
substantial financial support for new lines of research or adequately
equipped laboratories and greenhouses in association suited to experi-
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mental work with plants under controllable environment. Perhaps
the explanation is in part that botany has not heretofore had a bene-
factor who combined in like degree, wisdom of decision with ability
to realize upon his ideals. While gratefully recognizing this we should,
however, further recall that never before have the contributing
sciences of physical and chemical engineering been ready to equip
houses in the ways which we have today seen. For a generation plant
experimentalists have been wishing to learn more exactly the relation
of environment, temperature, light, atmospheric composition, to plant
nutrition, growth and behavior in health and in disease. But never
before has it been possible to devise and install air and light condi-
tioning apparatus at all comparable to this. In this connection it is
especially pleasing to note that it was the pioneer work of Doctor
Charles F. Hottes of the University of Illinois, the long time teacher of
our director—which paved the way for these present developments
upon the large scale.

And finally, since we have spoken in a congratulatory vein upon what
has been already perfected in material equipment and of what is
generously assured in the way of financial support, I wish to voice a
more conservative conclusion. We may wisely remind ourselves that
nature is most jealous of that which is of greatest worth among her
secrets. It is only to the searchers of enduring patience and most
exacting skill that she will yield important new truths. No one should
expect epochal advances in easy succession from the staff of even so
well-equipped an institution as this. Let us not desire the spectacular,
but the normal. Quiet, persistent progress, month by month, year
by year, generation by generation; it is thus that most is accomplished
in research as in all other lines of useful human endeavor.

Let us not be deceived.as to the price of modern research work,
whether measured in terms of time, man-power or money. As we
before reminded ourselves, the time is past when the isolated man
working apart from others may hope to proceed far with most types
of .plant research. Individual initiagive is of course essential and
counts as never before; but the idea being formulated, the question
defined, its fundamental development may be conditioned upon the
correlated endeavors of experts in several fields, often involving bio-
chemistry and biophysics quite as much as biology, as narrowly defined.
This means .either that the activities of even this institution must
year by year be narrowed in scope or else we must base our hope on
- the faith that the results secured shall so commend themselves that .
continually increasing endowment shall adequately support the future -
developments so splendidly ifaugurated in the Boyce Thompson’
Institute for Plant Research, which today we dedicate.
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After the preceding addresses the following impromptu remarks
were made by prominent guests.

Docror Ravmonp F. Bacon-—Consuléing Chemist and Member of
Board of the Institute.

Through the speeches which have just been made, and from vour
inspection of the building this morning, you all perhaps realize that
The Boyce Thomspon Iustitute for Plant Research is quite a
wonderful institution, and doubtless the thought occurs to vou as to
what manner of man it is who had the vision to create such an in-
stitution.

A few years ago Senator Beveridge wrote a most delightful series
of articles dealing with the great men of the world of the passing
generation, and particularly the Marquis Ito, Cecil Rhodes and Count
Witte, outlining the characteristics which had made these men great
nation builders. He pointed out that all of these, as well as almost
all other great men, had certain predominant traits.

Tirst: These men were all dreamers. In those quict hours when
one communes with himself, the vision had come to them of what
they would do in the world, and this vision had been elaborated until
the eye of the imagination saw a completed picture of something which
had not before existed. A picture of something which would make the
conditions of the world better and happier for posterity.

A second characteristic which made these men great was singleness
of purpose. Once the dream picture was painted, all of a tireless
energy went to make the dream a reality.

A third trait was a certain directness of action; the ability to scize
the significant facts and go in a straight line from fact to fact so as to
cast into steel and cement the thought of the mind.

It was many years ago (before that magnificent house on the hill
was built), that I first heard of the Boyce Thompson Institute, ILate
one night Colonel Thompson and I were walking in the grounds. We
were speculating on the nature of many of the fundamental things of
life, and he was allowing his very active mind to express itsell aloud.
He finally said, “When I have made enough monev to do it, I am
going to build an institute to study some of these fundamental things.
I should like to get at the real bottom of the phenomena of life pro-
cesses, and I think a good place to study them would be in the realm
of plants. By doing that perhaps I can contribute something real to
the future of mankind.”

Colonel Thompson was born in Montana, and spent his early life
on the plains of that great state, and perhaps this contact with a
country where nature does things on an enormous scale gave him large-
ness of vision, for all that he has done has heen done in a big way.
And on the other hand, he has an almost superhuman patience in
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working out the details which mold the big conception into a perfect
realization.

‘Many of you may have admired the wonderful landscape effects, or
the beautiful gardens on his estate, and vou may have thought that
sufficient money can buy such a place without much thought or effort
on the part of its owner. I tell you that the Colonel knows every
flower, every shrub and every tree on that place, and he has himself
put every one of them in its proper position to make the picture that
his imagination had created. And so it has been with the Boyce
Thompson Institute. He had dreamed of it in a big way, and then,
with intense singleness of purpose, he bent everything toward mastering
the necessary details to make the perfect realization of his dreams.

In any place as beautiful as that estate across the road, or in any
institution as wonderfully equipped as the one vou have inspected
today, it is not a mere question of money to buy materials or other
men’s services. It means an active directing brain behind it all, and
the brain in this case has been that of the Founder of the Institution.

In building this Institute the Colonel has shown another of those
traits of the great men of history in his ability to seize on the sig-
nificant facts, and make proper judgment from them. FHe has a real
passion for getting at the true facts of a situation. He talks to man
after man to be sure that the facts given to him by experts in their
respective lines are correct.  When he has finally sized up the situation,
when he is sure that he is right, then he goes alhiead full steam and there
is no stopping him. And that is the way Boyce Thompson Institute
has heen built.

Perhaps from this picture of the terrific driving energy of an effi-
cient brain, you may think of the type of man that we admire at a
distance, and somectimes speak of as the cold calculating machine.
Colonel Thompson is not that type of man. Those of vou who know
him know his kindly and wonderfully magnetic personality. He draws
friends to him. He is the kind of a friend vou love to be with,

This Institute which he has dreamed and made o reality will dis-
cover many new scientific facts and develop many new ideas. Facts
and ideas are living things which never die, but go on down through
the ages, and others build on them and because this man has lived and
has been the kind of a man he is, our children and their children’s
children will have a happier and an easier life. Or may I express it
this way; theirs will be an era of more gracious living hecause this man,
whom we are proud to call friend, has had a wonderful vision far into
the future, and has been a great enough man to make his vision a
reality.
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Q OLONIL RAY;[UND RoBiNs—Social Economist, Chicago, Illinois.

N Dr. C(;m‘ltor,‘ I)rt.Crockcr, honored_guests and ladies and gentlemen,
h.*m.ads of the Institute, I ‘shall begin my extemporaneous remarks
similarly to those you have just heard. g

Mr. Chairman and Director and friends: I count it a privilege to
be able to read to vou these brief words: ,

o ,,“Th(" White House, Washington, September 23, 1924.

“My dear Colone! Thompson: This is to express my appreciation for
the pioneer work you are doing through the Boyce Thompson Institute
for Plant Rescarch, Inc. The scientific mastering of the problems of
“plant life will strengthen that base of all material welfare—agriculture.
This is the new pioneering in the American Advance,

“Yours very truly,
Carvin CooLiDGE.”

I want to suy what I say on the basis of that text, taking first the
word prencer. It is the typical word, the spirit in the life of this
America.  All that is worth-while in the story of our national life has
come from the vision and the dreams of the pioneer made real.

I am one of those fortunate persons who have stood with William
Boyce Thompson there by the sands, beside the bank of Alder Gulch,
where he was a lad, and have seen that world where he first caught his
vision,—have senscd the fact of his pioneer mind And now that the
frontiers are closed, now that there is no longer a frontier on this con-
tinent, he is pioneering in other ranges of the mind. Vou can reach
the limit of the material universe but you will never reach the limit
of the scientific ranges of the human mind and spirit. And it is in
that sense that the word pioneer seems to me especially fitted to this
occasion.

If T may say so, Dr Crocker, to you and to your able assistants,
there is something in that thought that no matter how closed the old
frontier may be, the great frontier of science is as wide and as open as
the human mind.

The other thought, “the scientific mastery of the problems of plant
life.”  What a splendid phrase that rather Silent Bit of New England
Granite puts into that brief word. I saw him yesterday on other
matters in the midst of a Cabinet meeting and great affairs, and he
said, ‘ You must take my greeting to Col. Thompson,” and then he
wrote these words. He said, “I wish you would also say to Col. '
Thompson that I wish him well in the matter of his health and strength
and I wish well to all those engaged in the great task that he has made
possible at the Boyce Thompson Institute for Plant Research. For
we are now facing,” said the President, “‘an hour in relation to the future
resources of the world, in our own country and in all the world, when
the question of agricultural research will be the fundamental material
basis of everything worth the while.”
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Unlock the mysteries in the chambers of fife!  That scems to me to
it this afternoon. I am thinking of that plant (pointing toward the
Boyce Thompson Institute) over there and its tremendous resources.
Then I am thinking of what one of the greatest and most noted painters
of the world once said. When someone asked him, " How is it possible
to get a picture like that?”  He said, “I mix myv colors with hrains.”
The plant is not worth very much except as it is mixed with brains,
unless there is the kind of human conception such as Tyndall gave when
lie dared to risk blindness that he might go forward with his tests.
There is a certain moral equivalent for the old qualities in war in this
magnificent advance of science into the realm of mystery, unlocking
these mysterious chambers of life.

I am thinking that as a matter of fact this afternoon, having been
the pioneer on the {rontier, Williamm Boyce Thompson is engaged in
being a Columbus in an entirely new realm and new adventure. Never
before in the story of the human race has there been so adequate an
equipment, so splendidly officered with intelligence for the solution
of some of the major problems of the life of the world.

I think it is to you, sir (turning towards Dr. Coulter) that I am
indebted for the thought that all the great progressive development and
wonder of the world’s life is due to the impulse to do sonmething never
vet done. That “creative evolution,” if I dare use that word, lies
behind that old desire to do something never yvet done. And I am
thinking lere this afternoon that those of us charged with any re-
spounsibility in this great task are traitors betrayving the dreams and the
adventure and the daring of a million years if we do not make good on
what is here. And those of us who do make good, wherever yvou are
and in whatever line the task, with however limited equipment—those
of vou who do make good are fulfilling once again the dream and the
daring of a million years.

I care for that larger heritage for the generations yet unborn, and
in all the larger ways it rests back on the fullillment of our task in our
generation. And I dare conclude what I would here say in the thought
of One-—the Supreme Ploneer of history. Wishing to be reverent, yet
I, none the less after very intimate association with William Boyce
Thompson, through long and trying years in the storm and terror of
the Russian Revolution, where in all that complex he found the line
of truth and told it to his government,-—although it was too much for
the government to find it and seven years had to roll away belore
even Great Britain could find it—but they will find it in the end—
I think of Colonel Thompson and then I think of Him who said, “I
come that they might have life, that they might have it more abund-
antly.”

That seems to me to be the heritage of the Boyce Thompson Insti-
tute for Plant Researcli-~the more abundant life for all mankind.
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Dr. ELMER DarRwWIN BavrL—Entomologist and Director of Research,
Unriited States Departiment of Agriculture.

Mr. Chairman and fellow scientists, I would like to bring to this

meeting today the most sincere greeting and words of encouragement

from the Secretary of Agriculture and from the great body of scientific
workers of that Department. In the history of this country there
has never been an institution established that we consider more vital
and more fundamental to scientific progress or that we welcome more
heartily than this undertaking.

As I listened to the other speakers cover so adequately the possi-
bilities and opportunities of this Institute I could not help but go back
in my mind to the early seventies when it was almost universal in the
farming country in which I lived to decry wealth and to denounce
those who accumulated it, and yet that very region owed its develop-
ment to the organized wealth that built its railroads and founded its
business enterprises.

It has for a generation, as you well know, been politically popular
to decry wealth, especially organized wealth in the form of trusts, but
when we undertook to carry on a war we found them not only useful
but necessary and started out to form new ones. Business long ago
found out that organization of capital was necessary to the carrying
out of large and vital undertakings and our government found that the
same thing was necessary when it undertook the war.

As wealth accumulated in this country more and more of it was
turned towards the endowment of education and the result has been
to materially increase the opportunity for national development.
Later a new avenue of opportunity for service was found in the endow-
ment of research and in such endowment, as you would naturally
expect, the first provision was for the unfortunate and so they endowed
medical research. We are today celebrating, as has already been called
to your attention, an entirely new epoch in the history of the service
of wealth to national development. It was left for Mr. Thompson to
create the first large scale, large visioned endowment of research into
one of the fundamental problems of agriculture, a problem of such
importance that every contribution towards its solution is a direct
contribution towards the development and continued maintenance of a
growing nation.

In closing I would like to make it clear to our visitors from across
the waters that in this program we have no imperialistic ambition.
We are, however, beginning to realize that an extraordinary effort must
be made to increase our food production to keep pace with our expand-
ing population and that ultimate success in this undertaking requires
the prosecution of fundamental research in every field related to the
problem. Our ambition is to grow and develop into one of the strongest
and most powerful nations of the earth, not for the purpose of terroriz-
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ing other nations, but to assist in stabilizing the leadership of the world
along scientific and economic lines that will contribute to permanent
peace and a developing civilization.

Dr. Roprrt A. HARPER—Frofessor of Bolany, Columbia University,
New York City.

Mr. Chairman, ladies and gentlemen: It is certainly a great
pleasure and privilege to be permitted, on such an occasion as this to
speak in behalf of the Universities of this country, at least in so far
as they are represented by a near neighbor of this Institution, Columbia
University, and to try to express their feeling of warm sympathy and
great pride and strong encouragement in the work that they are doing,
when they see and realize, as we are today realizing, what this new
movement for the advancement of knowledge really means.

Research in plant science has been in the past a sort of by-product
of other activities of the human kind  The first scientific knowledge of
plants came, perhaps, as a by-product of the activities of the medical
profession and the herbalists who found plants useful in curing the
ailments of suffering humanity. The universities, we frequently sav
now, may regard research as one of their by-products. Universities
have a great function in handing on from one generation to another
the accumulated wealth of knowledge and scientific practice that each
new ecra builds up. Many believe that the permanence and the
progress of civilization depend on nothing more than the successful
handing on and wider dissemination of this increasing wealth of know-
ledge: To transmit to each new generation of young men and young
women the accumulated wisdom and science of the past is certainly a
worthy function, on which the universities may always rely as a justi-
fication for their existence and further growth.

But the universities were the first, I think, to realize that the ac-
cumulation of new knowledge by special effort, specialization in the
advancement of learning, is the supreme function of all those who are
really interested in the intellectual as well as the economic life of men,
and they have been moving toward making research something more
than a by-product.

On behalf of the universities I am sure it is further appropriate that
I voice the feeling of responsibility which we, as scientific men, must
feel in participating in the dedication of an institution like this, which
aims especially to devote itself to the study of the more fundamental
problems of plant life and growth. It is no light matter, not only to
plan for the attack on old problems which have so far resisted the efforts
of the scientists, but also to attempt to discover and formulate those
problems and lines of advance which are as yet only vaguely realized.
I am sure we all agree as to the importance of an institution of scope
and organization adequate for this sort of work. State- supported
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bureaus and experiment stations can get funds for the investigation
of problems that seem practical and more or less readily soluble by the
application of fundamental principles already known, but it is perhaps
our greatest present need to reach out into the larger fields where lie
the problems which have been pronounced seemingly insoluble, and
perhaps even ridiculous, and to formulate these problems so that they
can be attacked by experimental methods. In the formulation of
plans for research, the real importance and significance of the problems
to be attacked should, perhaps, be more considered than the seeming
probability of their being readily soluble.

This may sound unpractical, if not chimerical, but I am sure we all
feel that, with such equipment as we have been inspecting here today,
and with such a program as has been outlined by the administrative
officers of this new Institute, fundamental research is becoming some-
thing very tangible.

In closing, may I voice the wish and hope of the universities that
this is only the first of a great series of sister imstitutions devoted in
aim to that which the universities also regard as their highest function
—advancement in knowledge.

Dr. Lewis PERRY—Principal, Phillips Exeter Academy, Exeter, New
Hampshire.

Mr. Chairman, ladies and gentlemen, it is a very tantalizing honor
to be called on at this particular time in the afternoon to give a two
minute extemporaneous speech-—yes, sincerely, an extemporaneous
speech—in regard to Colonel Thompson. But perhaps it is the
treatment which you always give to the schoolmaster when he is away
from his school. Only recently I had another experience that illus-
trated much the same thing. I had given a commencement speech
and the head of the school, who was a lady, came forward to my great
surprise and handed me what she called an honorarium—this is a truc
story—and I refused the honorarium. It was a great pleasure to be
allowed to speak at all and I appreciated that honor, but I would not
take the money. She said *‘ You must take the money.” I said, “ No,
really I won’t take it. I have enjoyed myself and I won't take the
money; use it for some fund.”” And a great light broke over her face
and she said, ““That is a very good idea. I will put it into a fund to
secure better speakers.”

I think there are only two distinctions which I have as a speaker
this afternoon: in the first place, I am the first one who has spoken
who is not a scientist. In the next place, I am the head of the school
where Colonel Thompson graduated. Daniel Webster and Colonel
Thompson were among my old boys, and if among my old boys you
ask of which one I am proudest today I do not think I could tell. T put
them both on a par.
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. A great American has said that there are three lines of developmen’c
which may come to a man, and I think Colonel Thompson has lived
out all of them. In regard to Colonel Phompson s birth; I want it
distinctly understood that he was not a pioneer at first. He went to
Exeter before he became a pioneer. The education which he had and
which he took and which he proﬁted by—that was the first period.

The next great period of a man’s life, according to this American,
is the period of acquisition. Now, I am not capable of speaking about
that, but from having looked at the minerals this morning and the
greenhouses and this great Institute and taking rather a scientific
attitude towards it, I imagine that there must have been in Colonel
Thompson’s life a period of acquisition.

Third, a period of service where the education is utilized and w here
the money which has been acquired is used for the service of mankind.
In all these three things Colonel Thompson has been preeminent and
his old school, I can assure you, while it is very proud of this Institute,
is prouder still and fonder still of the man himself. -

Dr. Roscor W. THATCHER—Director of New York Agricultural Experi-
ment Stations, Geneva, New York.

Mr. Chairman and friends, in speaking on behalf of the state-
supported institution for research in welcoming to our field this
philanthropically-supported or, perhaps I should say, more adequately-
supported Institute, I am reminded of the old wise saying that where a
man’s treasure is there will his heart be also. Some of you may be
aware of the fact that the Republican State Convention is in session at
Rochester this afternoon and that the Democratic State Convention
will be in session at Syracuse tomorrow. I suppose you thought per-
haps that I would be there. This more or less politically fictitious
method, whereby the American people are being wisely (?) guided into
the selection of those who shall rule our destiny for the next two years,
is in progress; but my heart is not there, even though I am afraid that
my treasure is there, at least the keys to the treasure are there.

There are one or two things that those of us who represent state-
supported institutions for research may say to you, which we'may say
with sincerity and honesty and perhaps in a way that no one else could
say with as much feeling.

Four weeks ago yesterday I stood on the top of the contmental
divide in central Montana. I looked out over an area of forty to one’
hundred miles in radius and I saw what nature had done in the way. of
piling up the backbone of this continent. I did not know until a few
moments ago that I was looking up Alder Gulch which has been referred
to as one of the places where Col. Thompson secured his inspiration.
But I think I can understand something that perhaps has not come
to any one of you by reason of that experience.
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I saw four forest fires in that area. I had talked with the forest
supervisor and he had regretted that the public policy was such as
would prevent making it possible for him to put trails through that
wonderful forest so that he could reach those fires quickly and ef-
ficiently. When Dr. Coulter this afternoon alluded to the possibility
of our exploring an unknown country and said that in his estimation
it perhaps would not be quite so fine a spirit if we built trails directly
to a known gold mine or to a great source of power as it would if we
had built those trails in order that we might find and worship nature’s
handiwork, I thought perhaps after all that Col. Thompson has seen
something in those Montana forests which led him to think that it
would be wise to make trails in such a way that they might contribute
to some very definite purpose. I have every sympathy with the at-
titude expressed by Dr. Coulter when he says that we may have a
higher motive than the purely practical in research. But if, on the
other hand we build a trail toward a certain well-defined goal we will
make it in a certain definite way, and I think that is what Col. Thomp-
son, through his wisdom and that of his associates, is doing here; and
the way that he is doing it, which is not possible for the state-supported
institutions, has appealed to me all day.

Research may be defined in all sorts of ways; but to my mind
research is the application of the experimental method of study to the
laws of nature. The experimental method, as I understand it, is the
study of natural phenomena or data in such a way that one can deter-
mine a cause and effect relationship. Omne is not simply accumulating
facts but is accumulating them in such a way that he can be sure to
determine a cause and effect relationship and so argue from the observed
effects to the underlying cause.

In research institutions we are asked to do just that. DBut the
pressure on state-supported institutions is for some immediately prac-
ical result. Our state, and when I say our state I mean the American
commonwealth, is not so very patient with the attack upon a problem
which is not specifically directed towards an obvious end and it is
not sympathetic to an attack which does not lead to so-called prac-
tical results. In the field of plant science the experimental method
requires the controlling of the environmental influences in such a way
that one can argue correctly from the observed effects to the preceding
cause. We have been able to do this to a degree in some institutions,
and I think I may proudly say that the one I represent is one of those
which has been characterized as being able to do some of these things
in the fleld of science as applied to agriculture. We have been able
sometimes to control the temperature and perhaps other environmental
factors and so to get at certain facts. But in this great ficld of natural
botanical study it is not possible for those who are working in state-
supported institutions to do what is being done here at the Boyce
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Thompson Institute for Plant Research, to control simultaneously all
the factors whereby nature works in her magnificient laboratory of the
plant cell. |

I am not very hopeful, after twenty years experience in dealing
with state legislatures, of being able to put over to state legislatures
the idea that successful research in these fields of plant science needs
the kind of equipment and support which we have seen exemplified
here. Hence, it is with all the more real pleasure that I come here to
welcome to the corps of research workers and the research equipment
of the country an Institute which is founded on such a broad vision
that it will provide as well as can possibly be done for the controlling
of all environmental factors in studies of plant growth. In the past,
the influence of certain factors, especially those of the kind and amount
of light received by the plants, has been overlooked, and sometimes
wrong conclusions were drawn because we did not attribute the ob-
served effect to its proper cause.

Whatever may have been the stimulating influence in Col. Thomp-
son’s mind, whether it was that view of Alder Gulch which I saw from
the continental divide, or whether it has come from his business ex-
periences, or whatever the stimulus was, it is something upon which
we all are to be very greatly congratulated that we have now this
wonderful opportunity, within the borders of our own state, to come
nearer at least to the ideal facilities for research.

Dr. Jacos G. Lipman—Director of New Jersey Agricultural Experi-
ment Station, New Brunswick, New Jersey.

Mr Chairman, Colonel Thompson, ladies and gentlemen, in this
land and in other lands there are men who are devoting themselves to
the study of soils. Some of them are geologists. Beginning with the
study of rock formations they attempt to inform themselves and others
of how rocks are gradually changed into soils. There are others who
are chemists and they make an inventory of the plant food resources
of the soil and report how many pounds of phosphorous or potassium,
or calcium or other constituent elements of plants are present in these
soils. They are also studying these soils as laboratories wherein trans-
formations go on that make possible the absorption of nutrients by
plants so that the latter may become available as animal or human food.
There are others, calling themselves physicists, who are engaged in
the investigation of the movement of moisture and air in soils and of
temperature relations and other physical effects that have to do with
plant growth. And there are still others calling themselves soil
microbiologists who are engaged in the study of bacteria, protozoa,
fungi and algae and small animals, insects and so forth, and their
relation to plant production. In other words, there is a large field of
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soil science which has a very intimate connection with this field of
plant science that we have been speaking about this afternoon.

In 1908 a group of soil investigators met in Budapest, Hungary and
organized what was known as the first congress of soil science.

Another international conference was held in Stockholm two or
three vears later. A third was to be held in St. Petersburg, as it was
ralled in those days—I think it has changed its name two or three times
since then—hbut on account of the war it was not held. And finally,
two vears ago, workers in the field of soil science met again in Prague,
Czechoslovakia, and organized the study of soils in a more systematic
way. They met again in Rome early this summer. They decided to
organize an international society of soil science, and have done me the
Lonor to elect me president of this society. They have voted that the
next international congress is to be held in Washington, D. C., in 1927.
I think it would be quite proper for me to express greetings in behalf
of the many hundreds of soil investigators in many lands to this In-
stitution and to all of vou who are interested in its welfare and its
[uture.

We all realize that the soil is the foundation on which plants must
grow and that whatever resources of plant food there may be in the
soil, the environmental factors would naturally affect the vield of
animal and human food. We recognize that there is such a thing as
an cfficient plant, efficient in utilizing the sun’s cnergy, efficient in
resisting the invasion of parasites, or efficient in its ability to grow at
lower temperatures. All these factors are intimately related among
themselves, as they are related to specific soil fertility factors. To
those of us interested in the field of soil science—and the dividing linc
between soil science and plant science if it exists at all is quite indistincet
—this is a red-letter day. We rejoice in the fact that this Institution
will make more ample the resources of plant and soil rescarch.

I wish to convey again in behalf of those for whom I am taking the
liberty to speak their greeting, congratulations and best wishes. I
wish, likewise, to express the hope that there will be the fullest cooper-
ation hetween those engaged in the study of soils and those engaged in
the study of plants in order that we may make the largest and most
helpful contribution to the progress of human kind.
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HASTENING THE SPROUTING OF DORMANT POTATO TUBERS
A ‘ F. E. DENNY

(Receiired for publication December 4, 1925) %

, INTRODUCTION g

Freshly harvested potato tubers, if replanted under conditions favorable
for growth, do not sprout at once, but require a period of after-ripening. -
The depth of dormancy varies wzth the variety but is generally two months
or more.

This delay in sprouting is a serious disadvantage to potato-growers.f
Thus, Bliss Triumph seed tubers grown in northern states, such as Maine
or Nebraska, do not go through their rest period in time for planting in
Bermuda, Florida, Cuba, or other southern localities in which an early
crop is produced for the winter market. It has been necessary in such
cases to obtain seed potatoes from Long Island or reglons farther south
where the first crop of potatoes matures early enough to nge a permd of
after-ripening sufficiently long to insure prompt germination in the autumn
of that year. " But such potatoes have been found generally to be subject
“to infection by degeneratmn diseases which either greatly reduce the yield
of crop or cause practically a complete failure. It would be of great value
to potato-growers if a method of shortening the rest period could be devised
so that disease-free northern-grown seed potatoes could be taken at.once
after d1gg1ng to southern localities and used as seed for the early winter crop,

Again, in many southern statés a second crop of potatoes is grown in’
the same year on the same piece of land; but the sprouts are slow in starting:
and the stand obtained is irregular, in consequence in large measure of the
dormancy of a certain proportion of the buds' planted. Hence, the yield per
acre is decreased materlally beIow the normal productive capacity of the
land. ‘
Expenments for the purpose of ﬁndmg a method of chemtcal treatment
that would shorten this rest period and permit early sprouting were under-
~ taken. Wh1Ie the work at present is mcomplete, certain of the treatments
have given hopeful results, and thls paper is a prehmmary report of the
progress made, ~

L ~ MEeTHODS AND VARIETIES ‘

In some expenments the tubers, both whole and cut mto sultable sizes

for plantmg, were soaked in aqueous solutions of different chemicals of

1 Pubhshed at the expensé of the Boyce' Thompson Institute for Plant Research
... out-of the order determmed by the date of receipt ‘of the manuscnpt

ZaS
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gradually increasing concentrations for varying lengths of time, and in
others they were exposed in closed containers to gases or vapors from
numerous volatile compounds. After treatment, the potatoes were planted
in sawdust or in soil, in the dark or in a greenhouse during cold weather,
or in the Institute gardens during the summer months.

The varieties used were: in December, 1924, Irish Cobbler, Rural New
Yorker, and Green Mountain from Maryland and New Jersey; in January,
1925, McCormick from Washington, D. C., and New Jersey, Green Moun-
tain from New Jersey; in February, 1925, Bliss Triumph from Bermuda;
in April, 1925, Spaulding’s Rose from Florida. Since the potatoes men-
tioned above were not deeply dormant, the results of the experiments
with them were used merely to indicate the treatments that gave the
most promise of success. The conclusions reported in this paper are based
for the most part on the experiments with potatoes from the following
sources: Irish Cobbler from Long Island, 1925 crop; Irish Cobbler, Bliss
Triumph, and Early Ohio, 1925 crop, grown in Institute gardens, treated
and replanted within one month from the time of digging.

Early forcing of sprouts was obtained with all these varieties by one
or more of the chemicals used except in the case of Early Ohio. In the
only experimental series with tubers of this variety, none of the treatments
used was successful.

REsurts

General Statement

Two hundred twenty-four different chemicals were tested and about
3,000 separate experimental lots were used in selecting suitable concentra-
tions and periods of treatment. In this report only those that gave the
best promise of success will be discussed, but it is hoped that in a later
publication a complete list of the chemicals used may be given, together
with the concentrations and lengths of treatments.

'Ethylene chlorhydrin and the thiocyanates of sodium and potassium
stood out prominently in these tests, giving the best and most consistent

results in forcing the germination of dormant tubers.
L Dichloroethylene, trichloroethylene, xylol, and carbon bisulfid also gave
- good, but somewhat less favorable, results. Experimental work with them
is being contmued

Ethyl nitrite, furoic acid, methyiene chlorid, furfural, bleaching powder,

j bromoform, and tribromphenol gave favorable results in some cases but
not in others.  The cause of this irregularity is not known at present.
* Thiourea represents a special case. Solutions of it in proper con-
ytr; m.“conazstently caused the development of more than one bud per
mes as many as eight, and i in addition caused the sprouting of
than one eye on each seed-piece.
rasl kn0w, thxs zs the ﬁrst report regardmg the effect of the above- -
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mentioned substances upon the earliness of sprouting of potato tubers.
The use of the following chemicals for this purpose was suggested in 1909
by McCallum (1): ethyl bromid, ethylene dichlorid, carbon tetrachlorid,
ammonia, bromine, and gasoline. His experiments with these substances
were repeated and favorable results were obtained with the first three,
" especially with ethylene dichlorid and ethyl bromid. Rosa (2) recom-
mended the use of solutions of sodium nitrate. These were tried in many
experiments, and under certain conditions good results were obtained.

Results with Ethylene Chlorhydrin (CICH,CH.OH)

Of all the chemicals tried, ethylene chlorhydrin gave the greatest
promise of successful practical application for breaking the dormancy of
potatoes. Since it is a volatile substance that mixes with water in all
proportions, treatments were made either by soaking in solution or by
exposure to vapors. !

With Bliss Triumph, soaking cut tubers for one hour in solutions varying
in concentration from 10 cc.? per liter to 3 cc. per liter hastened sprouting
(PL. X, fig. 1). Freshly dug Irish Cobblers required about 4 cc. per liter
for two hours. ;

The volatility of ethylene chlorhydrin permitted its application as a
vapor by three different methods: first, by placing on top of the tubers in
closed containers shallow pans from which the ethylene chlorhydrin evapo-
rated. In this case, cut tubers required about 16 hours’ treatment with
an amount of ethylene chlorhydrin equivalent to about 0.5 cc. for each
liter of space in the vessel. The results shown in figure 2 were obtained
with Bliss Triumph, 1925 crop, dug July 22, 1925, treated and planted
August 11, 1925, photographed October 6, 1925. ‘

It was found possible to treat the whole tubers by this method, the
requirement being 6.5 to 1.0 cc. ethylene chlorhydrin per liter of space in
the container for a period of twenty-four hours® Figure 3 shows the
results with Irish Cobbler, freshly harvested 1925 crop. Lot A received |
10 cc. ethylene chlorhydrin in a 17.5-liter container for 24 hours. Lot B
received no treatment. Second-crop young tubers developed on the vines
from the treated lot before any sprouts of the untreated lot appeared above
ground. The percentage germination was 65.

Experiments are being carried out to determine whether the effect of
this treatment will be retained in the tuber during subsequent storage and,
if so, for what storage period. The preliminary results indicate that the
effect of the treatment holds over in the tuber during storage for at least
three weeks.

2 The ethylene chlorhydrin referred to in this paper is a commercial grade known as

‘40 percent ethylene chlorhydrin.” The concentrations given do not refer to the anhy- .
drous chemical.

3 Later experiments showed that when whole tubers were treated better results were |
obtained if the potatoes were allowed to stand in air after treatment for a day before
planting.
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A second method of applying the ethylene chlorhydrin consisted }in
placing the potatoes in containers that could be closed, arranging the tubers
in layers about six inches deep, covering each layer with burlap saturated
with a solution of ethylene chlorhydrin, closing the container and letting
it stand over night (about 16 hours). The concentration of ethylene
chlorhydrin used to saturate the burlap cloth was 100 cc. per liter. The
results obtained varied from top to bottom of the container, indicating
that this method gave an uneven distribution of the vapor inside the
 container. Further experiments may remedy this defect.

The third method consisted in dipping the potatoes into a solution of
ethylene chlorhydrin, removing them at once and placing them in closed
containers for about 16 to 24 hours. A uniform amount of liquid was
thus distributed over the surface of the potatoes. The ethylene chlorhydrin
evaporated, producing within the vessel a vapor, the concentration of
which varied with the amount of chemical in solution. With cut tubers a
dipping solution containing about 30 cc. of ethylene chlorhydrin per liter
gave good results. Sprouts were visible at the surface of the tuber seven
days after treatment, and, when planted two inches deep in flats indoors,
the plants appeared above ground in another week. In the one series of
experiments carried out in this way, uniform results were obtained at the
top and bottom of the container. However, further work will be necessary
to determine the relation of the size and shape of the container to the
problem of obtaining a uniform distribution of vapor.

Results with Sodium and Potassium Thiocyanate (NaCNS and KCNS)

Sodium and potassium thiocyanate solutions gave notably good results,
although the concentration margin between stimulation and injury was
not large. With cut tubers in deeply dormant condition, soaking for one
hour in 3-percent or 2-percent solutions forced early sprouting of Irish
Cobbler and Bliss Triumph, but I percent was noticeably less effective
and 4 percent caused loss by rotting. For tubers in the latter part of the
rest period, 3 percent for one hour was found to be too strong, but I percent
for one hour was favorable, as was also 0.25 percent for two hours. The
results with KCNS are shown in figure 4, Plate XI; lot B shown in this
figure was treated with 2 percent KCNS for one hour, lot 4 with H:O for
one hour, and lot C with 0.5 M NaNQs; for one hour. The variety used was
Trish Cobbler, Long Island 1925 crop, treated and planted July 21, 1925,
photographed September 20, 1925.

Results with Thiourea (NH,CSNH.)

Solutions of thiourea caused the development of more than one bud
per eye, and more than one eye per seed-piece. Figure 5 shows the results
obtained by soaking cut potatoes in I-percent thiourea for one hour. In
other experiments, not illustrated in this paper, as many as eight buds
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developed from one eye. The uniformity with which this result was
produced is shown by the fact that, out of 20 pieces treated, 18 formed two
or more buds at each eye. The concentration necessary to cause this
multiple-bud development varied from about 4 percent for dormant buds
to about 1 percent for buds just beginning to sprout.

Solutions of thiourea, therefore, overcame the inhibition which the main
bud exercises over the subsidiary buds at each eye and also partially nullified
the capacity of the apical bud to prevent the growth of basal buds. It is
planned to give further details on this point in a paper that is to follow.

Results with Ethylene (C.H,)

Ethylene was used in concentrations varying from 75 percent to one
part in five millions for periods varying from one hour to seven days. The
results were not encouraging, and in no case did the stimulation produced
compare favorably with that caused by some of the other chemicals used.
Rosa (3) reported that when the ethylene treatment was continued for a
longer time, in his experiment for one month, the dormant period of the
tubers was markedly shortened.

Results with Sodium Nitrate (NaNOj)

With potatoes that were not very dormant, 0.5 I NaNO; solution for
one hour generally gave good forcing action, but the range of favorable
concentration was small, 0.3 M solution being ineffective in all cases.
Some injury was caused by 0.5 M solution for one hour when used with
potatoes late in the dormant period. The sprouting of recently dug Bliss
Triumph was forced by one hour’s treatment with 0.6 M, but 0.4 M gave
results that were little better than those of the check lot. Freshly harvested
Irish Cobblers did not respond to treatment for one hour in 0.7 M, 0.5 M,
or 0.3 M sodium nitrate.

Results with Other Chemicals

Favorable results were obtained with the following chemicals, using
the given concentrations for 16 hours with cut tubers, and for 24 hours with
whole tubers: '

Ethyl bromid, 2 cc. in a 17.5-liter space with cut tubers, and 3 cc. in a
17.5-liter space with whole tubers; ethylene dichlorid, 1 cc. in a 17.5-liter
space with cut tubers, and 2 cc. in a 17.5-liter space with whole tubers
(the results with ethylene dichlorid are shown in figure 6); carbon bisulfid,
1 cc. in 35-liter space with cut tubers, and 2 cc. in 35-liter space with whole
tubers; dichloroethylene, 3 cc. in 17.5-liter space for cut tubers, 8 cc. in
17.5-liter space for whole tubers; trichloroethylene, 2 cc. in 35-liter space
for cut tubers, 5 cc. in 35-liter space for whole tubers.
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Concentration of Chemicals as Related to Stage of Dormancy

It was found that concentrations favorable for treating freshly harvested
tubers caused injury to tubers that were out of the dormant period and
ready for immediate sprouting. The concentrations referred to in this
paper are those that were found satisfactory for potatoes treated within
about one month after digging. The concentrations given will serve to
guide experimenters who wish to make tests with any of these chemicals.
In such experiments it will be well to try concentrations stronger and
weaker than those mentioned.

, Cost OF TREATMENTS

If a practical method could be devised for using these chemicals for
hastening the germination of dormant potatoes, their cost would not be
prohibitive. Thus, ethylene chlorhydrin (40 percent commercial grade such
as used in these experiments) costs 30 cents per pound. If it were used
at the concentrations found favorable for forcing potatoes, it is estimated
that the cost of the treatment would be approximately 4 cents per bushel;
the estimate for trichloroethylene is 1 cent per bushel, and for ethylene
dichlorid 14 cent per bushel.

SUMMARY

The experiments were undertaken for the purpose of finding a method
of hastening the germination of dormant potato tubers.

Two hundred twenty-four different chemicals were tested, and about
3,000 separate experimental lots were used in selecting suitable concentra-
tions and periods of treatment.

The methods used consisted either in soaking the tubers (both cut and
whole), usually for one hour, in aqueous solutions of different chemicals
of gradually increasing concentrations, or in exposing them for varying
lengths of time in closed containers to the vapors from numerous volatile
compounds.

It was found that the vapors of ethylene chlorhydrm (CICH,CH,OH)
were remarkably effective in causing prompt germination of dormant
“'potatoes.” With Irish Cobbler, 1925 Long Island crop, the treated lot
~ produced vines two feet high, bearing second-crop tubers 1 cm. in diameter
- before the checks appeared above ground. = Further work is being done to

- determine whether a standardized procedure for applying the ethylene

- chlorhydrin treatment can be worked out. There can be no doubt of its
effectiveness. - Only its practicability is now in question.

.Sodium-and potassium' thiocyanate solutions gave excellent results in
forcmg early sprouting. Irish Cobbler, Long Island 1925 crop, treated and

i -planted July 21, 1925, gave 100 percent germination. Sprouts appeared 8
L ‘jabove ground one month after plantmg and in two months produced plants
24 inches high on wh1ch young tubers were begmmng to form. The un-

§ /"ng .

g
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treated tubers at this time had not yet appeared above ground. There
is some doubt at present whether there is sufficient range of concentration
between injury and effectiveness in order that a successful commercial
method can be developed. Further experiments on this point are being
made.

Other chemicals that gave favorable results were: dichloroethylene,
trichloroethylene, carbon bisulfid, ethylene dichlorid, xylol, and ethyl
bromid. Tests with these are being continued.

Thiourea represented a special case. Solutions of it in proper con-
centration not only forced prompt sprouting, but consistently caused the
development of more than one sprout per eye, sometimes as many as eight,
and in addition induced the development of more than one eye on each
potato. It thus overcame the inhibiting effect which the main bud in.
each eye exerts upon the subsidiary buds, and also partially nullified the
capacity of the terminal bud to prevent the development of basal buds on
the same seed-piece.

The results with ethylene were unsatisfactory. In no case tried were
its stimulating effects comparable with those of the substances principally
referred to in this paper. The periods of exposure to ethylene, however,
were for a few hours or days only, and not fer the long pericd (one month)
by means of which Rosa (3) obtained favorable results with ethylene.

I wish to express my thanks to Dr. William Stuart of the United States
Department of Agriculture for furnishing generous quantities” of e\:pen- ‘
mental seed potatoes.

BovceE THOMPSON INSTITUTE FOR PLANT RESEARCH, INC -
YONKERS, NEW YORK
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DESCRIPTION OF FIGURES

Prate X :

Fi1c. 1. 4, cut tubers soaked 1 hour in a solution of 10 cc. ethylene chlorhydrin in
1 liter; B, soaked 1 hour in water; Bliss Triumph, 1925 crop; dug ]'uly 22, treated and
planted August 11, photographed October 6,

Fic. 2. 4, ethylene chlorhydrin, 1 cc. in 2-liter space; cut tubers treated 16 hoursx
B, check, not treated; Bliss Triumph, 1925 crop;. dug July 22, treated and planted August
11 and 12, photographed October 6. ‘

Fi1c. 3. A4, ethylene chlorhydrm, 10 cc. in 17. 5—11ter space; whole tubers treated 24
hours; B, check, not treated; Irish Cobbler, Long Island 1925 cropk treated and planted
July 22 and 23, photographed October 6.
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Prate XI

FiG. 4. B, cut tubers soaked 1 hour in 2-percent solution of potassium thiocyanate; C,
soaked 1 hour in 0.5 M solution of sodium nitrate; 4, check, soaked 1 hour in water; Irish
Cobbler, Long Island 1925 crop; treated and planted July 21, photographed September 20,

Fic. 5. Effect of thiourea in causing the development of more than one bud per eye.
and of more than one eye per seed-piece; Rural New Yorker, not dormant, soaked 1 hour
in 1 percent thiourea solution, both tubers treated.

FiG. 6. 4, ethylene dichlorid, 0.5 cc. in 17.5-liter space; cut potatoes treated 16
hours; B, check, not treated; Bliss Triumph, 1925 crop; dug July 22, treated and planted
in field August 11 and 12, photographed October 6.
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GERMINATION OF SEEDS UNDER WATER

TOSHITARO MORINAGA

(Received for publication December 4, 1925) ¢

INTRODUCTION

It is a well known fact that seeds of many common crops are not only
unable to germinate in water, but gradually lose their viability and finally
come to death in it (2, 12, 17). According to Shull (15), however, some
kinds of seeds can retain their viability for several years under water.
Crocker (4) believed that ‘‘the discrepancy between these results and those
of Mazé is probably best explained by the fact that Shull was working with
the seeds of wild plants, while Mazé was dealing with cultivated species.”

Kraus (9) studied the germination of Triticum vulgare, Secale cereale,
Avena sativa, Hordewm vulgare, Zea Mays, Sinapis alba, Polygonum Fago-
pyrum, Pisum sativwm, Cucurbita Pepo, Lupinus luteus, Vicia Faba, Heli-
anthus annuus, Brassica rapa, Lepidium sattvum, Vicia sativa, Trifolium
pratense, Hyacinthus candicans, and Lathyrus grandiflorus in tap water.
The last seven species germinated in water and also made considerable later
growth. Cucurbitac Pepo and Lupinus lutens showed no germination; all
others pushed hypocotyls out of testas without any further growth. He also
found that agération of the water or the addition of small amounts of HzOz

- was helpful for the growth of germmatmg seeds.

Kinzel (8) and Lehman (10), in their work on the effect of light on
germination, and Godlewski (6), in studying anaérobic growth, observed
germination of seeds under water. Kinzel worked on many wild-land and

marsh-plant seeds. He obtained especially good germination in water with

Hypericum, Rhododendron, Azalea, Calluna, Primula, Verbascum, Mimulus,
Digitalis, Veronica, Campanula, etc.

In the first part of this work the writer reports the results of a comparison
of germination in water and on filter paper. Many different species were
included in the study in order to determine whether there is any phylogenetic
relation in ability to germinate under water. In the latter part, attention
is given to the effect of temperatures on the germination under water.

Nearly all the seeds for the experiment were bought from the Vaughan
Seed Company and Stumpp and Walter Seed Company in New York,
and were of the crop of 1923.

1 Published, at the expense of the Boyce Thompson Institute for Plant Research, .
out of the order determined by the date of receipt of the manuscript.
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ExpERIMENTAL RESULTS

Comparison of Germination under Water and on Wet Filter Paper

For germination under water, seeds were kept at the bottom of 100 cc.
Erlenmeyer flasks filled with distilled water. As checks, the same number
of seeds were put on moistened filter paper in Petri dishes. The flasks
were put side by side, and the dishes were placed in piles in a greenhouse.
The temperatures in the greenhouse varied from 15° to 33° C. The water
in the flasks was renewed once in two weeks. The germination record
was taken once a week, and seeds in the water were counted as germinated
only when hypocotyls or sometimes plumules (epicotyls) also started
healthy growth. The experiment was continued for 42 days. The results

are summarized in tables 1A-1C.

TABLE 1A. Seeds Giving no Germanation under Water

No. Seeds Percent Germi- Percent Germi-
Names per Cul- nation in nation under
ture Petri Dish Water
Festuca pratensis (meadow fescue)........ 100 96.5% 0
" Festuca elatior (fall fescue)............... 100 86.5 0
Lolium perenne (English rye grass)........ 100 52.0 o
Andropogon sorghum (common sorghum) . 25 82.0 o
Avena sattva (oats, without glumes)....... 20 100.0 o
Triticum vulgare (Marquis wheat)......... 25 98.0% o*
Zea Mays (fieldcorn) . oovvvei i, 5 100.0 o
Cotx lacryma (Job'stears) . . .o.vvvunn.n. .4 100.0 o (o)t
Setaria macrocheeto. . . .....ooiiiiiii.. 50 97.0 o (o)
Raphanus sativus (radish)................ .25 72.0 0
Petroselinum hortense (parsley)........... 50 77.0 o (10)
- Brassica oleracea (cabbage).............. 50 86.0 o (0)
Iberis (candytuft).........cooooveuinn. 50 82.0 o (o)
COSIMIOS . v v vt eivtie i e iiaarnarsananas 50 87.0 o (o)
X S o N 50 65.0 o (0)
CentaUIBa . v oo v s it in e ennndaaataeens 25 84.0 o (o)
Carihamus tinctorius (saffron)............ 10 60.0 o (o)
Capsicum annuum var. longum (pepper). . 25 74.0 o (44)
Solanum melongena (egg plant)........... 25 92.0 o (66)
Allium Cépa (onion) ..o .viio il i, 25 60.0 o (o)
Asparagus officin@lis. . ... oioii i 25 58.0 o (34)
Cucumis Melo (muskmelon) .............. 10 95.0 o (5) -
Cucurbite maxima (squash) .. ............ ' 5 80.0 o (o)
Viola tricolor (Dansy). .. oeeeuueeensenn.n 100 72.0 o (o)
- Fagopyrum esculentum (buckwheat)....... 20 92.5 o
Salvie officinalis (sage). v i v i 50 84.0 o {0)
Hyssopus officinalis (hyssop). ....v ... . 100 76.5 0
- Berberis Thunbergii. . ... P PO 20 72.5 o (o)
SAbutilon Lo e e 25 98.0 0
Phlox Drummondii............ Cine i - 25 60.0 o (o)
... Pisum sativum’ (AIaska pea) e i e 10 100.0 0
©" Phaseolus (bean}. . cisvuevnveneiiiensen. 5 90.0 o]
LApInUS . ¢ viiasy sies s e e sss viies A 20 50.0 o (5)
Medzmga satwa (alfalfa) ...... SRR e 100 94.5 0

*All these numbers are the means of duplicated tests.

T The number in parentheses'in the last column shows the percentage of germination
o3V stene haino taken ot of the water and placed on moxst filter paper.
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TaBLE 1B. Seeds Giving Poorer Germination under Water than on Moist Filter Paper

No. Seeds Percent Germi- Percent Germi-
Names per Cul- nation in nation under

. ture Petri Dish Water
Alopecurus pratensis (meadow foxtail)... .. 100t 85.0% - 67.0%
Festuca duriuscula (hard fescue).......... . 100 82.0 9.5
Cynosurus cristatus (crested dog’s tail)..... 100 48.5 16.5
Bromus brizaeformis (brome-grass)........ 10t - 100.0 85.0
Eragrostis elegans (love grass). ........... 100 81.5 66.5
Nicotiana......ovvieenniiinrannnnnnnans 100 84.0 68.0
Lycopersicum lycopersicum (tomato)....... 50 71.0 30.0
Salpiglossis. . ........... P 100 76.0 38.5
Trifolium repens (white clover)........... © 100 84.5 66.0
Mimosa pudico (sensitive plant).......... 10 90.0 80.0
Ocymum basilicum (basil)................ 50 68.0 51.0
Thymus vulgaris (thyme). .....oovvvut... 100 63.5 - 25.0
Satureja hortensis (summer savory) ....... 100 -~ 59.5. 5.0
Marrubium vulgare (horehound).......... 100 44.5 2.0
Origanum Majorana (marjoram).......... 100 87.5 62.0
Dianthus (carnation).................u.. 50 99.0 89.0
Allium porrum (leek).......... ... ... ... ‘ 50 72.0 24.0
AlysSUm. . vt ciineieeeans 100 . 91.5 63.0
Ruta graveolens (rue)............. 50 51.0 15.0
Anthemis nobilis (chamomile) 100 92.5 86.0
Sesamum orientale (bene)................ 50 99.0 21.0
Clematis virginiana. .............. i 25 96.0 58.0
Campanula medium (Canterbury bell).. ... 100 83.0 . 52.0
Amaranthus. ....ooiiiiiiiiii o, 100 94.0 . 87.0
Hunnemannia...............coiveeivnns 50 93.0 1.0

’
* All these numbers are the means of duplicated tests.

1 Without glumes. .

TasLe 1C.. Seeds Showing Good Germination under Water

No. Seeds Percent Germi- Percent Germi-
Names per Cul- nation in nation under

ture Petri Dish Water

Phleum pratense (timothy)............... 100t 93.0% 90.0%
Axonopus compressus (carpet grass)....... 100 89.5 93.5
Agrostis nebulosa. . ... ..o 1007 91.5 96.0
Poa compressa (Canadian blue grass)...... 1007 84.5 94.5
Cynodon dactylon (Bermuda grass)........ 1007 79.0 95.5
Lactuca sativa (lettuce). ...........cco... 50 95.0 95.0
Artemisia Absinthium (wormwood) 100 85.0 89.0
Daucus Carota (carrot). .......u.un. .. 25 68.0 66.0
Apium graveolens (celery)................ 100 92.0 88.0
Portulaca.......cvoveiiniiinnennieeens 100 78.0 81.0
Mesembryanthemum crystalls (ice plant) 100 82.0 87.0
Antirrhinum (snapdragon)............... 100 88.0 92.0
© Melissa ofictnalis. . ... i s 100 80.0 74.5
Celosia (cockscomb). . ...oo.vvviianin. 100 94.5 94.5
Oenothera (evening primrose).. ... T 100 85.0 84.0
Silene latifoli@.......covoviiii il 100 97.5 94.5
Solanum Dulcamara (bittersweet)......... 50 99.0 98.0
Petunia......ccovieininiinniiinenennnn 100 93. 91.5

* All these numbers are the means of du
T Without glumes.

plicated tests.




70 THE BOYCE THOMPSON INSTITUTE FOR PLANT RESEARCH, INC.

When, instead of 100, only 10 hulled grains of Festuca pratensis, Festuca

elatior, Lolium perenne, and only 10 seeds of Medicago sativa were taken in
each flask, they germinated 25.5, 0.5, 14, and 95 percent respectively, thus
showing an increased germination under water when a smaller number of
seeds per flask were taken.

These experiments are considered preliminary especially on account of
the uncontrolled temperature and light conditions.

Some unfavorable conditions obtain in the water cultures. Thus, the
great depth of water makes oxygen inaccessible (9); furthermore, distilled
water was used exclusively and renewed only once in two weeks. OQut of
78 genera of 24 families, 43 genera germinated in the water. Even some
of the 35 genera which did not germinate under the conditions of the
experiments did germinate if fewer seeds were placed in the flasks, so that
the small amount of oxygen present was used by fewer seeds. A

Amongst the 43 genera which germinated in the water, 18 genera did
not show any decided difference between the germination in the water and
that on filter paper, and 2 genera (Cynodon dactylon and Poa compressa)
germinated better under water than on blotters. Egg plant, pepper, and
asparagus seeds kept their vitality well during 6 weeks’ submersion. The
ability to germinate under water obtained more generally for small seeds,
and was not related to phylogeny or to the kinds of reserve material in
the seeds.

Germination of Seeds in Boiled Distilled Water

Hartleb and Stuzer (7) and Kraus (9) maintained that seeds are unable

to germinate in boiled water on account of the absence of oxygen. Florence

TABLE 2. Germination of Seeds in Boiled Water

No. Seed Perce: . y
Names pe.; Flasks Germin:ttion N%es%?g :
Phleum pratense (timothy)............... 25 60.0%* 9
Cynodon daciylon (Bermuda grass)........ 25 86.0 9
Poa compressa (Canadian blue grass)...... 25 18.0 11
Festuca pratensis (meadow fescue)........ 10 25.0 II
Festuca elatior (fall fescue)............... 10 50.0 11
Lactuce sativa (lettuce). .............o.. 20 12.5 (poor) 13
Artemisia Absinthium (wormwood)........ 25 54.0 5
Amnthemis nobilis (chamomile)............ 25 76.0 5
Daucus Carota (Carrot) .. .ovvereeeneeenn. 10 45.0 15
Apium graveolens (celery)........ ..., .. 20 52.5 21
Trifolium repens (white clover).. . cen 20 5L.5 5
Medicago sativa (alfalfa)......... de 10 0 —_
Antirrhinum (snapdragon). .. 25 60.0 9
Ocymum basilicum (basil). . e 10 75.0 9
Celosia (cockscomb). .o .ovvinun. i 25 74.0 7
Dianthus (carnation)......c.cvviiniinnns 20 70.0 7
Solanum Dulcamara. ........cocovviviavn. 20 87.5 I
Sesamum orientale (bene)................ 10 55.0 15
AlYSSUM . Ly iee e en e 20 67.5 7
Petunia. ... ivueiiiivie i 25 78.0 9
Mesembryanthemum crystallinum (ice plant) 20 45.0 7
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flasks of 100-cc. capacity were nearly filled with boiled distilled water and
cooled quickly in ice water. As soon as the water was cool enough, seeds
were put in and sealed with paraffin oil. These flasks were placed in the
greenhouse as experiment 4. When the seedlings that germinated in the
flask became green, records were taken and the flask was discarded because
oxygen could be liberated inside the flask by photosynthesis as soon as
chlorophyll was formed. This experiment, therefore, does not show any
final percentage of germination, but shows whether seeds can germinate at
all in this condition. Twenty-one kinds of seeds which germinated well
in water in experiment 4 were chosen for this experiment. The results
obtained are shown in table 2.

These results do not agree with those of the workers above mentioned,
the seeds of all species except alfalfa giving eithet fair or good germination.
This discrepancy, however, may have been due to a difference in the method
of sealing, to a difference in species, or to a more favorable alternation of
temperature. Carnation, chamomile, wormwood, timothy, white clover,
and Celosia seeds were chosen and tested for germination in Petri dishes
in a sealed jar containing potassium pyrogallate for absorbing oxygen.
None of these germinated.

‘Germination of Seeds in Water in Contact with Pure Oxygen

Running water (2), artificial aération, or addition of H:O; (9, 12) to
increase dissolved oxygen was successfully used to germinate seeds in water.
In this experiment only seeds which did not germinate in experiment 4
(see table 1A) were chosen and tested for germination in the water. They
were placed in contact with pure oxygen instead of with air.

Small numbers of seeds were put in 500-cc. Erlenmeyer flasks with
50 cc. distilled water, the depth of immersion being about one centimeter.

100

90

80
70

60

501§ FC——
Ll .
10 bt on filter paper
; N
%0 % in water
201w
°
10jo
o bTempem:ture .
5 - 0. 15 22 27 32_ 28

TexT F16. 1. Curves showing germination of white clover seeds in water and on
filter paper at various temperatures; curves plotted from table 3.
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In one flask of each pair the air inside was replaced with pure oxygen.
Common sorghum, wheat, oats, corn, Alaska pea, onion, cabbage, musk-
melon, kohlrabi, and mustard were tried. Mustard, kohlrabi, cabbage,
oats, and common sorghum germinated in both conditions, and wheat,
,onion, and muskmelon germinated only in the oxygen flask. They all
grew well and made green seedlings. Corn and pea did not germinate
in either the air or the oxygen flask.

From this experiment it is clear that a number of the seeds listed in
table 1A as showing no germination under water can germinate in water
if the oxygen supply is increased.

Effect of Temperature on Germination under Water

According to Akemine (1), the seeds of Oryza sativa germinated 94
percent at 40° C. in water, but none of them germinated on wet filter paper
at the same temperature. The seeds, however, germinated as well on
filter paper as in water at the optimum temperature (30°-35° C.), and
again germinated better in water at the minimum (10°~12° C.).

We have observed similar results with white clover seeds, and wish to
emphasize the importance of temperature effects when a comparison is
made between germination in water and germination on filter paper.

To avoid other factors which affect the germination, especially in water,
only 10 seeds were put with 100 cc. distilled water in 100-cc. Erlenmeyer
flasks, or on filter paper in Petri dishes. The water in the flasks was not
changed during the experiment. The results are shown in table 3 and in

text figure 1.
: TABLE 3. Germination of White Clover Seeds

Percent Germination Percent Germination on
in Water Wet Filter Paper
Temper- | No. Seeds . : No. Seeds
ature | Tested .1 Treated
' After 2 After 6 After. 10 After 2 After 6 After 10
~ Days Days Days Days Days Days
° 10X I0 o 43 6% 10X 10 o 13 57t
10° | 10X IO 37 | 83 83 1I0X10 | 13 83 83
15° | 16X 10 71.3 85.6 86.3 16 X 10 56.3 83.8 85.0
22° 10x10°| 82 87 88 10X 10 69 83 84
BREry 10x 10| 81 87 87 10 X 10 54 72 72
~32% 116 x 10 | 69.4 79.4 81.3 16 x 10 6.3 8.1 8.8
38% . 10x10 | 37 47 49 10X IO b ! 4

* 76 percent germmatlon after 14 days.
ot 72 percent germmatxon after 14 days

o As is shown in table 3 and in text figure 1, high temperature retards
‘ mmatm markedly in Petri dishes, but much less in water. At 15° C.

"'many seeds germinated in water as in Petri dishes.
?esponse of. a spec1a1 vanety or lot of white clover

mperatureﬁ there was practically no difference between the
er; but when the temperature was 32 C. or higher,




seeds, since three additional lots purchased from three different seedsmen
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gave the results, as shown in table 4.

TABLE 4. Germination of White Clover Seeds

(10 x 10 seeds of each lot were tested for each temperature;

the water in the flasks was not renewed)
Germination Test at 32° C.

In Water On Wet Filter Paper
Percent Germination Percent Percent Germination Percent
after 10 Days Hard Seeds after 10 Days Hard Seeds
Lot B.... 68 4 10 5
Lot C.... 58 12 I1 4
LotD.... 69 12 20 13
Germination Test ot 15° C.
In Water On Wet Filter Paper
Percent Germination Percent Percent Germination Percent
after 10 Days Hard Seeds after 10 Days Hard Seeds
Lot B.... 89 II 87 12
Lot C.... 79 10 75 16
LotD.... 81 14 85 I4

Several other experiments were run in Petri dishes at 32° C. to test the
effect of various substrata upon the percentage of germination. Table 5
shows the results of these. ‘

TABLE 5. Germination of White Clover Seeds in Petri Dishes at 32° C. |

Per cent
Conditions No. Seeds Germi-
Tested nation after
10 Days

Germination on filter paper................ e, 16 x 10 8.8
Germination between filter paper.......covovveieriiiiinnnanns 4X 50 8.5 i
Germination on filter paper in dishes, keeping NaOH container

T3 e (=S O O PP 2 X 100 8
Germination on filter paper, without cover of dish............ 2 X 100 X
Germination in quartz sand, in Petri dishes.............. c.v. 2X100 13
Germination in river sand, in Petri dishes. .................. 2 X 100 39
Germination on filter paper, in Petri dishes.................. 2 X 100 17.5
Germination on filter paper, with Too KNOs.oovoiviivinn 2 X 100 6
Germination on potting soil, in Petri dishes.................. . 2X100 32
Germination on filter paper, first 6 hoursat 5°C............. 2 X 100 5
Germination on filter paper, first 6 hoursat 10°C............ 2 X 100 3.5
Germination on filter paper, first 6 hoursat 15°C............ 2 X 100 3
Germination on filter paper, seeds injected with water®....... 2 X 100 5.5
Germination on filter paper, seeds sealed with wax............ 2 X 200 44
Germination on filter paper, dishes sealed with wax keeping

NaOH container inside. ...oeveeveeeeenennisn e 2 X 200 4

* The seeds were injected by removing and replacing the air pressure repeatedly while
the seeds were under water.

None of these conditions gave germination equal to that in water.
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Effect of Seed Coat upon Germination of White Clover Seed
at High Temperature

Since the rb6le of seed coats in germination was worked out by Crocker
(3) in 1906, many experimenters dealing with seeds giving poor germination
have paid special attention to seed-coat effects.

Several experiments were made to determine whether the seed coats of
white clover are a factor in the failure of germination on wet filter paper
at high temperatures. Treatment of white clover seeds with concentrated
sulfuric acid increases the percentage of germination on filter paper at
32° C.; 20 minutes’ treatment gave a germination of 5I.5 percent within
10 days on filter paper at 32° C. The portion of the seed coat where the

hypocotyl breaks through was cut off with a sharp razor, and the seeds
thus treated were kept at 32° C., half in water and half on filter paper.
After the treatment they gave 94 percent germination in water, and 31
percent on blotters. After keeping seeds on filter paper at 32° C. for 1
day, the coats were carefully removed. The naked embryo thus obtained
germinated 100 percent in water at 32° C., and 73.3 percent on blotters at
the same temperature. The 26.3 percent which did not germinate on
blotters germinated when they were transferred into water.

From these experiments it is seen that treatment or removal of the
seed coat is effective in increasing the germination of white clover seeds on
filter paper at 32° C., but better results are always obtained in water with
the seeds treated in the same way.

Effect of Varying the Partial Oxygen Pressure

Several experiments were carried out under various conditions of reduced
oxygen supply. It has already been shown in table 2 that white clover
seeds will germinate in the greenhouse in boiled water sealed with paraffin
oil. Using 10 seeds in each Florence flask, these experiments were repeated
at 32° C. and 15° C., 6 percent germinating at 32° C. and 74 percent at
15° C.

In order to learn whether the seed will germinate in total absence of
 oxygen as observed by Takahashi (16) with Oryza sativa, Crocker and
 Davis (5) with 4lisma Plantago, and Godlewski (6) with Lupinus in sugar

solution, 10 seeds were placed with 10 cc. of distilled water into a 25-cc.
distilling flask. The mouth of the flask was sealed just above the side
tube. The side tube was then drawn out to a capillary in one region, and
- connected with a high vacuum. The flask was exhausted and kept under

 water at 40° to 45° C. for 30 minutes, and the side tube was sealed while

- still under this condition. During this time the water in the flask was
i reduced from 10 cc. to I cc.; the contents of the flask were always cool
~ because of the rapid evaporatxon of water. None of the seeds treated in
S this way germmated at 15 C., the best temperature for germination of
~ white clover.
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Germination was also tried in reduced partial oxygen pressure obtained
by mixing nitrogen or hydrogen with air. One or two Petri dishes con-
taining 100 seeds each were put on a tripod standing in a pan of water.
A battery jar was inverted over the Petri dish of seeds and the tripod.
This gave a water-sealed air chamber within the battery jar; 60 percent
of the air inside the jar was withdrawn and replaced by the same amount
of nitrogen or hydrogen.

TABLE 6. Germination of White Clover Seeds in Hydrogen or Nitrogen Gas Mixture at 32° C.

Percent Germination after
Conditions
2 Days 4 Days 6 Days 8 Days
Alr, e 43* 50.5 51 5I.5
6opercent No.ooovvvvnniinnnnnnn. 24 43 46 47
6opercent Hooo vt 52 67.5 69.5 70

* These figures are the mean values of duplicated tests.

Table 6 shows that the germination of white clover was increased when
the oxygen concentration of the air was reduced by mixing. with it 60
percent of hydrogen. No increase in germination was obtained, however,
when nitrogen was used as the diluent. The reasons for this difference
between the effects of hydrogen and of nitrogen are not known.

The experiment with seeds in 6o-percent H, gas mixture with air at
32° C. was repeated 9 times with 1,300 seeds under the same or slightly
modified conditions. The average germination was 61.2 percent. The
experiment with the control lot exposed to air at 32° C. was repeated 15
times with 2,600 seeds. The average germination was 36.1 percent. For
a check on the above described experiments, germination was tested 15
times in Petri dishes with 1,500 seeds with an average germination of 8
percent.

This series of experiments was also carried out at 15° C. and at 38° C.
At 15° C. the seeds germinated equally well in all conditions. At 38° C.
they germinated better in H, mixture, although the percentage of germi-
nation was low. The seedlings germinated in H, gas mixture were stunted,
but they were normal in N gas mixture.

General Considerations on Germination of White Clover Seeds

White clover seeds germinate at temperatures between 10° and 38° C.,
the optimum temperature being about 15° C. The demand for oxygen
for the germination of the seed is very low and dissolved oxygen in water
is sufficient for germination, so that the statement of Schaible (14) that
seeds germinate more slowly and in fewer numbers in reduced air medium
than in normal air does not seem applicable to white clover or to most of
the seeds listed in table 1C. In fact, white clover seeds germinate and
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grow in boiled water covered with paraffin oil. They are not, however,
able to germinate in a vacuum.

This fact suggests that a slight amount of oxygen in the.tissue or in
the medium is necessary for germination. This was also the case for Typha
.and Cynodon seeds (see paper in the present issue of this JoURNAL on “The
favorable effect of reduced oxygen supply upon the germination of certain
seeds’’), but not for Oryza sativa. This amount of oxygen may hardly be
enough to supply energy for germination by normal respiration, but may
suffice to initiate some chemical change in the seeds. Most of the white
clover seeds of the lot tested were not hard. They germinated about 85
percent at 15° C. in water and on wet paper, but at 32° C. and 38° C. the
germination is much poorer on filter paper than in water. This difference
is much reduced when the naked embryo is used.

What is the rdle of the seed coat in retarding the germination at high
temperatures on filter paper? Since enough water for germination is taken
by intact seeds at lower temperatures, and since a trace of oxygen is sufficient
for germination, the exclusion of oxygen or water by the coat is probably
not the chief reason for the failure to germinate. Insufficient diffusion of
CO; out of the seed through the coat, or simple mechanical obstruction to
the increase of the volume of the embryo, also deserves comsideration.
This idea is not supported by experimental results at present, but may
furnish a suggestion for further investigation.

Why does the naked embryo of a white clover seed germinate more
poorly on filter paper than in water at high temperatures? To solve this
problem, we must know the significance of the maximum temperature for
germination, which sometimes is much lower than the maximum temperature
for the growth of the seedling. The raising of the temperature increases the
amount of respiration, and if respiration becomes so vigorous as to use up
~ all reserve material available at the temperature, the seed will not be able
: _to germinate (11). On the other hand, the increase of respiration caused
by the raising of temperature increases the amount of toxic by-products
of respiration. If these substances accumulate to a certain amount in
the seeds, germination will be retarded. - The amount of reserve material

(18, 5) and the amount of respiration will be changed by the amount of

- oxygen available to the seed. The amount of toxic substances is also
- related to oxygen supply, and if the seed starts anaérobic respiration, these
substances will become more abundant (13). If such conceptions are
- reasonable, we can imagine the change of maximum temperature according
‘to the amount of oxygen in the medium for germination. Whether the
- increase of oxygen raises the maximum temperature or decreases it may
~ depend not only upon the reserve materials and the construction of the
- seed, but also upon the character of the protoplasm itself. Without a
8 study of the chemical changes actually going on in these germination media

o at lngh and low temperatures, specula.txon regardmg the reason for the
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better germination in water than on wet paper at high temperatures is of
little value.

Germination of Sweet Clover (Melilotus) Seeds

Ten previously filed seeds were placed in 100-CC. Erlenmeyer flasks
with 100 cc. distilled water, or on filter paper in Petri dishes. One set out
of two was kept at 15° C., and the other at 32° C. The results are given in
table 7.

TABLE 7. Germination of Sweet Clover Seeds

Percent Germination and Hard Seeds after

Temper- iti No. Seeds | . " . .
atiee Condition Tested 2 Days 4 Days 6 Days 8 Days 10 Days

Germ. | H.S. | Germ. | H.S. | Germ. | H.S, | Germ. | H.8. | Germ. | H.S.

32° C, | Inwater| 10x10 | 30 3 73 3 88 3 88 3 89 3
On paper| 1ox10 | 5 | 4 | 17 | 3 | 54 {3 | 75 |3 | 8 | 3
15° C. | In water | 10x10 | 90 8 94 6 95 4| 96 4 { 96 3
On paper| 10x10 | 98 2 98 1 99 1 99 I 99 ¢

In this case, there was no difference between the final percentages of
germination in water and on filter paper, but at 32° C. the seeds germinated
much more quickly in water than on filter paper.

Germination of Red Clover (Trifolium pratense) and Alfalfa
(Medicago sativa) Seeds
These seeds were tried without filing in water and on filter paper in
the same way as other white or sweet clover seeds. The results are given
in table 8.
TABLE 8. Germination of Red Clover and Alfalfa Seeds

Percent Germination and Hard
Seeds after 10 Days
Kind of Temperature Number of
Seeds Seeds Tested In Water On Paper

Germ. H.S. Germ. H.S.

15° C. 10 X 10 88 6 87 10

Red clover..... 32° C. 10X 10 68 5 72 6
38°C. 10 X IO 3 2 58 8

Alfalfa........ 15 C. 10X 10 90 2 93 1
32° C. 10 X 10 49 2 82 o

From table 8 it can be seen that the results with red clover and alfalfa
differed from those obtained with sweet clover in one important respect,
namely, germination in water was nof betfer than germination on filter
paper at temperatures above the optimum.
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Germination of Celery (Apium graveolens) Seeds
Seeds were placed in 100-cc. Erlenmeyer flasks with 100 cc. distilled
water, or on filter paper in Petri dishes. The flasks and dishes were
wrapped with three sheets of black paper to avoid the favorable effect of
light on germination at high temperatures,? and kept in thermostats at
various temperatures. The water in the flasks was renewed once after
14 days. The results are shown in table 9 and text figure 2.
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Texr Fie. 2. Curves showing germination of celery (var. Schumacher) in water and
on filter paper at various temperatures; curves plotted from table 9.

TABLE 9. Germsnation of Celery Seeds

In Water On Paper
) Temper- |No. Seeds Percent Germination Percent Germination
Variety Name ature Tested after (Weeks) after (Weeks)

2 4 6 8 10 2 4 6 8 10
5°C.|2x100| O | © 1.0 17.5/35.0f 0 | o | 2.0|21.5/ 27.5
10°C, |2x100| O | 19.5| 55.0| 62.0| 65.0f 0O | 36.5| 53.5| 61.5| 63.0
Dreer’s Monarch..| 15°C. | 2x100 | 0 | 34.0| 63.0| 67.5| 67.5| 14.0| 50.0| 56.5| 58.5| 59.5
22°C. |2x100| O 0 o o | o 1.0 1.0/ 1.0/ .0l I.0

27°C. |2x100| © oo o|lof|o o o] o] o
5°C.|2x100| © 0 4.0| 40.5| 81.5| © o | 60.5| 83.5| 84.0
10°C. [2x100| O | 13.5/ 66.5/ 88.0| 89.5/ 4.0| 91.0| 94.5| 94.5| 94.5
. Schumacher....... 15°C. |2x100| O | 9.5/ 76.5| 86.0| 86.5| 48.0| 86.5| 90.0| 91.0| 91.0
22°C.|2x100} 0 |'0 | o | o | o | 6.5 16.0| 20.5| 20.5| 20.5

27°C. |l2x100| O o] o]l ojo| o} o o | o (o)

* We noticed that the maximum temperature for the germination of celery seeds is
raised by the effect of light. ;
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Table 9 and text figure 2 show that celery seeds require more time to
germinate in water than on filter paper, but there is no difference in final

percentage of germination.

One variety germinated slightly better, but

the other slightly less in water than on filter paper. The maximum temper-
ature, however, is higher on filter paper.

Germination of Water Cress (Roripa nasturtium Rusby) Seeds
As an additional example of water-plant seeds, the germination of water
cress seeds was studied at various temperatures in water and on filter paper.
The water in the flask was not changed during the experiment. The

results are shown in table 10 and text figure 3.
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Text Fi16. 3. Curves showing germination of water cress seeds in water and on
filter paper at various temperatures; curves plotted from table 10.

TABLE 10.

Germination of Water Cress Seeds

Temper- No. Seeds

In Water

On Paper

Percent Germination after

Percent Germination after

ature Tested
4 Days | 0 Days | 15 Days | 21 Days | 4 Days | 9 Days | 15 Days | 21 Days

5°C.| 2x100 o o 3.5 14.5 o 0 0.5 10.0
10° C. | 2x 100 o 21.5 44.5 47.0 o 18.0 41.0 52.0
15°C.| 2x100 | 26.0 57.5 60.0 61.5 13.5 47.0 55.0 59.5
22°C.| 2x100 | 35.0 58.5 59.0 59.5 20.0 46.0 53.0 56.0
27°C.| 2x100 7.5 38.5 42.0 42.0 12.5 20.0 26.5 32.0

32°C.| 2x 100 2.5 10.5 16.5 17.5 o (o) o o
10-22° C. | 2 x 100 2.5 44.0 56.0 57.5 o 54.5 61.5 62.0
10-27° C. | 2 x 100 2.5 45.0 54.5 55.5 o 49.0 60.0 62.0
10-32° C. | 2x 100 9.5 54.5 61.0 62.5 [ 47.5 59.0 60.5
10-38° C. | 2 x 100 0 30.5 47.0 47.5 o) 0.5 11.5 16.0
1527°C.| 2x100 | 28.5 51.5 52.5 | 52.5 28.5 50.5 55.5 57.5
15-32° C. | 2x100 | 28.5 54.5 57.5 58.0 24.5 49.5 52.5 53.5
15-38°C.| 2x100 | 13.0 50.5 55.0 56.5 0 22.0 34.0 36.5
22-32°C. | 2x100 | 36.0 56.5 58.0 58.0 26.0 45.0 50.0 53.0
22-38°C.| 2x100 | 26.5 51.5 53.0 54.0 o 20.5 29.5 30.0
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Table 10 and text figure 3 show that water cress seeds germinate better
in water than on filter paper when the temperature is higher than the
optimum. This is in agreement with the observations made on white
clover seeds.

SUMMARY

1. Out of 78 genera of 24 families, 43 genera germinated in water.
Even some of the 35 genera which did not germinate under the conditions
of the experiment germinated if fewer seeds were placed in the flask of
water.

2. Amongst 43 genera which germinated in the water, 18 genera showed
no decided difference between the germination in the water and that on
filter paper, and 2 genera germinated better under water than on the paper.

3. The ability to germinate under water obtained more generally for
small seeds, and was not related to phylogeny or to the kinds of reserve
material in the seeds.

4. Out of 21 kinds of seeds which germinated well in distilled water,
20 kinds germinated in boiled distilled water covered with paraffin oil.

5. Several seeds which did not germinate in water were able to germinate
when the water was in contact with pure oxygen instead of with air.

6. White clover (Trifolium repens) seeds germinated as well in water
as on filter paper at optimum temperature (15° C.), but gave nearly 10
times as large percentage of germination in water as on filter paper at 32° C.
and at 338° C.

7. Treatment or removal of seed coats was effective in increasing the
germination of white clover seeds on filter paper at 38° C., but better
results were obtained in water with the seeds treated in the same way.

8. White clover seeds are able to germinate in boiled water sealed with
paraffin oil, but are not able to germinate in a vacuum at the optimum
temperature. They germinate better in a sealed air chamber over water
than in common Petri dishes at 32° C., and still better germination was
observed in 60-percent H, mixture with air, but 6o-percent N» mixture was
not as favorable as air.

9. Sweet clover (Melilotus) seeds germinate equally well in water and
- on filter paper at high or low temperatures, but they germinate much more
- quickly in water at high temperature than on the paper.

. 10. The seeds of red clover (Trifolium pratense) and alfalfa (Medicago
sativa) germinate equally well at the optimum temperature in water and
on filter paper, but germination is poorer in water than on paper at temper-
atures higher than the optimum.

- 11. Celery (4 pium graveolens) germinates more slowly in water, but

shows no d1fference between water and filter paper in final percentage of

_germination. The maxxmum temperature, however, is ‘higher on ﬁlter
- paper. than in water.

12. The seeds of water cress (Rompa nastumum Rusby) germinate
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better in water than on filter paper when the temperature is higher than
the optimum (15° C.). These seeds also have a higher maximum temper-
ature in water.
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