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ANNOUNCEMENTS.

ESTABLISHMENT OF THE STATION.

The Maine Fertilizer Control and Agricultural Experiment
Station, established by Act of the Legislature approved March
3, 1885, began its work in April of that year in quarters fur-
nished by the College. After the Station had existed for two
years, Congress passed what is known as the Hatch Act, estab-
lishing agricultural experiment stations in every state. 'This
grant was accepted by the Maine Legislature by an Act ap-
proved March 16, 1887, which established the Maine Agricul-
tural Experiment Station as a department of the University.
The reorganization was effected in June, 1887, but work was
not begun until February 16, 1888. In 1906 Congress passed
the Adams Act for the further endowment of the stations
established under the Hatch Act.

The purpose of the experiment stations is defined in the Act
of Congress establishing them as follows:

“It shall be the object and duty of said experiment stations to
conduct original researches or verify experiments on the physi-
ology of plants and animals; the diseases to which they are
severally subject, with the remedies for the same; the chemical
composition of useful plants at their different stages of growth;
the comparative advantage of rotative cropping as pursued un-
der a varying series of crops; the capacity of new plants or trees
for acclimation; the analysis of soils and water; the chemical
composition of manures, natural and artificial, with experi-
ments designed to test their comparative effects on crops of
different kinds; the adaptation and value of grasses and forage
plants; the composition and digestibility of the different kinds
of food for domestic animals; the scientific and economic ques-
tions involved in the production of butter and cheese; and such
other researches or experiments bearing directly on the agri-
cultural industry of the United States as may in each case be
deemed advisable, having due regard to the varying conditions
and needs of the respective states or territories.”
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The work that the Experiment Station can undertake from
the Adams Act fund is more restricted and can “be applied
only to paying the necessary expenses of conducting original
researches or experiments bearing directly on the agricultural
industry of the United States, having due regard to the vary-
ing conditions and needs of the respective states and territories.”

INVESTICGATIONS.

The Station continues to restrict its work to a few importar.t
lines, believing that it is better for the agriculture of the State
to study thoroughly a few problems than to spread over the
whole field of agricultural science. It has continued to improve
its facilities and segregate its work in such a way as to make
it an effective agency for research in agriculture. Prominent
among the lines of investigation are studies upon the food of
man and animals, the diseases of plants and animals, breeding
of plants and animals, orchard and field experiments, poultry
investigations, and entomological research.

The Legislature of 1913 provided for investigations by the
Station in animal husbandry which make Chapter 141 of the
Public Laws for 1913. The following quoted from the act out-
lines the purpose of the act: ‘“The Maine Agricultural Experi-
ment Station in addition to the investigations now conducted by
it, shall conduct scientific investigations in animal husbandry,
including - experiments and observations on dairy cattle and
other domestic animals. Said investigations shall be carried
out under control of the director of the Maine Agricultural
Experiment Station. There shall be appropriated annually from
the State Treasury the sum of five thousand dollars to be paid
to the Maine Agricultural Experiment Station and the same
shall be expended by the director of said Station in executing
the provisions of this act.”

INspECTIONS.

Up to the close of the present year it has been the duty of
the Director of the Station to execute the laws regulating the
sale of agricultural seeds, apples, commercial feeding stuffs,
commercial fertilizers, drugs, foods, fungicides and insecticides,
and the testing of the graduated glassware used by creameries.
Beginning with January 1914 the purely executive part of these
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laws will be handled by the Commissioner of Agriculture. The
analytical examination of the samples and the publishing the
results of the analyses will still be done by the Station. The
cost of the inspections is borne by fees and by a state appropria-
tion.

OFFICES AND LLABORATORIES,

The offices, laboratories and poultry plant of the Maine Agri-
cultural Experiment Station are at the University of Maine,
Orono. Orono is the freight, express, post, telegraph and tele-
phone address for the offices and laboratories.

Visitors to the Station will find it convenient to leave the
steam cars at Bangor or Old Town, as the railway station at
Orono is a mile from the University, Bangor and Old Town
trolley cars pass through the campus. They pass the railway
station in Bangor 5 minutes after the hour and half hour, and
the railway station in Old Town, 20 minutes after and 10 -
minutes before the hour.

AR00sTOOK FARM.

The Legislature of 1913 (Chapter 190 of the Private Laws
of 1913) named a committee and appropriated ten thousand
dollars for the purpose of purchasing land for a farm for con-
ducting scientific investigations in agriculture in Aroostook
County. The law provides that: “The Maine Agricultural
Experiment Station shall have the general supervision, man-
agement and control of said farm and of all experiments and
investigations conducted thereon, and may if it sees fit or deems
it best authorize any agent or agents of the United States De-
partment of Agriculture to conduct experiments upon such farm
under such terms as it deems bést.”

The committee on location decided that it would be impracti-
cable to purchase a farm in Aroostook County for the amount
named in the act. After several meetings and proposals made
from several towns in the county it was decided to purchase a
farm at Presque Isle which, with the buildings to be erected
upon it will cost $23,000. The farm that was purchased con-
tains about 275 acres, has upon it a large barn with concrete
potato house in the basement, a small dwelling house for the
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farmer. The erection of a suitable dwelling house for tlie
farm superintendent is provided for by momney raised by -ie
citizens of Presque Isle.

The Station came into possession of the farm late in Decem-
ber 1913, and work will be begun in the season of 1914.

HicaMoor FArRM.

Highmoor Farm, purchased by the State for the use of the
Station, is located in the town of Monmouth, 2 1-2 miles from
the Monmouth station and the same distance from the Leeds
Junction station. It is on the Farmington branch of the Maine
Central Railroad. A flag station, called Highmoor, is on the
farm. Monmouth is the post, telegraph and telephone address
for Highmoor Farm. Both Leeds Junction and Monmouth are
freight and express addresses.

THE AIM OF THE STATION.

Every citizen of Maine concerned in agriculture has the right
to apply to the Station for any assistance that comes within
its province. It is the wish of the Trustees and Station Council
that the Station be as widely useful as its resources will permit.

In addition to its work of investigation, the Station is pre-
pared to make chemical analyses of fertilizers, feeding stuffs,
dairy products and other agricultural materials; to test seeds
and creamery glassware; to identify grasses, weeds, injurious
fungi and insects, etc.; and to give information on agricultural
matters of interest and advantage to the citizens of the State.

All work proper to the Experiment Station and of public
benefit will be done without charge. Work for the private use
cf individuals is charged for at the actual cost to the Statior.
The Station offers to do this work only as a matter of accom-
modation. Under no condition will the Station undertake
analyses, the results of whch cannot be published, if they prove
of general interest.

CORRESPONDENCE.

As far as practicable, letters are answered the day they are
received. Letters sent to individual officers are liable to remain
unanswered, in case the officer addressed is absent. All com-
munications should, therefore, be addressed to the Director or
to the Agricultural Experiment Station,

Orono, Maine.



PUBLICATIONS. x1

PUBLICATIONS.

The Station is organized so that the work of investigation is
distinct from the work of inspection. The results of investi-
gation are published in the bulletins of the Station. Thesc
make up the annual report for the year. The results of the
work of inspection are printed in publications known as Official
Inspections. These are paged independently of the bulletins
and are bound in with the annual report as an appendix thereto.
Miscellaneous publications consisting of newspaper notices of
bulletins, newspaper bulletins and circulars which are not paged
consecutively and.for the most part are not included in the
annual report are issued during the year.

All the bulletins issued by the Station are sent to the names
upon the official mailing list prepared by the Office of Experi-
ment Stations, to all newspapers in Maine and to libraries and
te. agricultural exchanges, Bulleting which have to do with
general agriculture and the Official Inspections which bear upon
the feeding stuffs, fertilizer and seed inspections are sent to a
general mailing list composed chiefly of farmers within the
State. The publications having to do with the food and drug
inspection are sent to a special list including all dealers in Maine
and other citizens who request them. The annual report is sent
tc directors of experiment stations and to libraries. Copies ol
all publications are sent to the newspapers_within the State and
to the press on the exchange list outside of the State,

BULLETINS ISSUED IN 1013.

No. 209. New Mineral Fertilizer. 12 pages.

No. zro. Spruce Bud Worm and Spruce Leaf Miners. 24 pages, 9
illustrations. .

No. 211.  Potato Flea Beetle, 20 pages, & illustrations.

No. 212. Orchard Spraying Experiments in 1612, 16 pages.

No. 213. Aphid Pests of Maine. II. Willow Family. 28 pages, 36
illustrations.

No. 214. The Biology of Poultry Keeping. 20 pages, 2 illustrations.

No. 215. The Measurement of the Intensity of Inbreeding. 16 pages.

No. 216. Poultry Notes, 1911-13. 28 pages, 8 illustrations.

No. 217. Woolly Aphid of the Apple. 20 pages, 19 illustrations.

No. 218, Tables for Calculating Coefficients of Inbreeding. 12 pages.

No. 219. Comparative Studies of Certain Disease Producing Species
of Fusarium. 356 pages, 33 illustrations.
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No. 220. Woolly Aphids of the Elm. 40 pages, 24 illustrations.

No. 221. Variations of Fat in Mik. Pedigree System Applied to
Guinea-Pigs. Aluminum in Chick Feeds. 20 pages, 6 illus-
trations.

No. 222. Meteorology, Finances and index. 28 pages, 2 illustrations.

OFFICIAL INSPECTIONS ISSUED IN 1013.

No. 46. Seed Inspection. 12 pages.

No. 47. Fungicide and Insecticide Inspection, 1912, 16 pages.
No. 48 Drugs. 8 pages.

No. 49. Protection of Food Offered for Sale. 8 pages.

No. 50. Feeding Stuff Inspection. 40 pages. ’

No. 51. Weight of Butter. 16 pages.

No. 52. Seed Inspection. 12 pages.

No. 53. Fertilizer Inspection. 36 pages.

No. 54. Insecticide and Fungicide Inspection, 1913. 8 pages.
No. 55. ‘Clams, Oysters and Scallops. 8 pages.

MISCELLANEOUS PUBLICATIONS ISSUED IN 1013.

No. 464. Fungicide and Insecticide Inspection, Manufacturer’s Cer-
tificate. 1 page.

No. 465. Feeding Stuff Inspection, Manufacturer’s certificate. 1 page.

No. 466. List of Registered Feeding Stuffs. 4 pages.

No. 467. Potato Flea Beetle. 8 pages.

No. 468. Preparation and Use of Lime-Sulphur in Orchard Spraying.
10 pages.

No. 469. Short Weight Butter. 1 page.

No. 470. Newspaper Notice Bulletin 207. 1 page.

No. 471. Methods of Poultry Management at the Maine Agricultural
Experiment Station. 78 pages.

No. 472. Newspaper Notice Bulletin 210. 1 page.

No. 473. Newspaper Notice ICircular 467. 1 page.

No. 474. Newspaper Notice Circular 468. 1 page.

No. 475. An Act to Provide for Scientific Investigations in Agriculture
in Aroostook County. 4 pages.

No. 476. Newspaper Notice Bulletin 212. 1 page.

No. 477. Library Card. 1 page.

No. 478. Newspaper Notice Circular 471. I page.

No. 479. Map Highmoor Farm. 1 page.

No. 480. Experiments at Highmoor Farm, 1013. 8 pages.

No. 481. List of Papers from the Biological Laboratory, Vol. 1. 8

. pages.

No. 482. Aphid Galls of the Poplar. 8 pages.

No. 483. Aphids. 10 pages.

No. 484. Note Regarding the Calculation of Coefficients of Inbreeding.
T page.
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PUBLICATIONS. xiii

Special Report of the Maine Agricultural Experiment Sta-
tion for the Commissioner of Agriculture for the Year 1912,
48 pages. v

Blank Record Sheet. 1 page.

Blank Record Sheet. 1 page.

Summaries of Station Work No. 1. Apple Studies. 20 pages.

Newspaper Notice Bulletin 216,

Station Publications. 1 page.

Available Bulletins and Reports of the Station. 4 pages.

BIOLOGY PUBLICATIONS 1913.

In the numbered series of “Papers from the Biological Laboratory :”

No.

No.

No.

No.

42.

43.

44.

45

. 46.

. 47.

. 48,

. 40.

. 50.

. 5L

. 52,

Data on Sex Determination in Cattle. By Raymond Pear! and
H. M. Parshley. Biol. Bull,, Vol. 24, pp. 205-225.

Note Regarding the Relation of Age to Fecundity. By Ray-
mond Pearl. Science, N. S., Vol. 37, pp. 226-228,

Genetics and Breeding. By Raymond Pearl. Science, N. S.,
Vol. 37, pp. 539-546.

A Biometrical Study of Egg Production in the Domestic Fowl.
IIT. Variation and Correlation in the Physical Characters of
the Egg. By Raymond Pearl and Frank M. Surface. U. S.
Dept. of Agr.,, Bureau of Animal Industry, Bull. 110, Pt.
ITI. (In press).

The Relative Time of Fertilization of the Ovum and the Sex
Ratio in Man. By Raymond Pearl and Redcliffe N. Sala-
man. American Anthropologist. (In press).

A Contribution Towards the Analysis of the Problem of In-
breeding. By Raymond Pearl. American Naturalist, Vol.
XLVII, pp. 577-615. ,

The Odd Chromosome in the Spermatogenesis of the Do-
mestic Chicken. By Alice M. Boring and Raymond Pearl.
Journ. of Exp., Zool.,, Vol. 16, pp. 53-83.

The Biology of Poultry Keeping. By Raymond Pearl. Me.
Agr. Exp. Sta. Ann. Rept. for 1913, pp. 101-120.

A Biometrical Study of Egg Production in the Domestic
Fowl. IV. Factors Inflencing the Size, Shape, and Physi-
cal Constitution of Eggs. By Maynie R. Curtis. (In press.

Tables for Calculating Coefficients of Inbreeding. By Ray-
mond Pearl and John Rice Miner. Me. Agr. Exp. Sta,
Ann. Rept. for 1913, pp. 191-202.

On the Correlation between the Number of Mammae of the
Dam and Size of Litter of Mammals. I. Interracial Cor-
relation. By Raymond Pearl. Proc. Soc. for Exp. Biol.
and Med., Vol. XI,, pp..27-30.
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No. 53. On the Correlation between the Number of Mammmae of the
Dam and Size of Litter in Mammals, II. Intraracial Cor-
relation in Swine. By Raymond Pearl. Proc. Soc. for
Exp. Biol. and Med., Vol. XI.,, pp. 31-32.

No. 54. On the Results of Inbreeding a Mendelian Population: A
Correction and Extension of Previous Conclusions. By
Raymond Pearl. American Naturalist, Vol. XLVIII, pp
57-62.

No. 55. Variation in the Tongue color of Jersey Cattle. By Raymond
Pearl. Proc. Soc. for Promotion of Agricultural Science,
1913.

No. 56. Studies on the Physiology of Reproduction in the Domestic
Fowl. VI. Double and Triple-Yolked Fggs. By Maynie
R. Curtis. Biol. Bull. Vol. XXVI., pp. 55-83.

Constants for Normal Variation in the Fat Content of Mixed
Milk. By Raymond Pearl. Me. Agr. Exp. Sta., Ann. Rept.
for 1913, pp. 209-303. .

No. 58. A Pedigree System for Use in Breeding Guinea-Pigs and

Rabbits. By Frank M. Surface. Me. Agr. Exp. Sta., Ann.
Rept. for 1913, pp. 306-313

No. 59. On the Ability of Chickens to Digest Small Pieces of Alumi-
num. By Maynie R. Curtis. Me., Agr. Exp. Sta, Ann.
Rept. for 1913, pp. 314-318.

Papers published but not in the numbered series.

a. Methods of Poultry Management at the Maine Agricultural Experi-
ment Station. By Raymond Pecarl. Me. Agr. Exp. Sta., Circ.
471, pp. 1-78..

b. The Need for Endowed Agricultural Research. By Raymond Pearl,
Science, N. S., Vol. 37, No. ¢58 pp. 707-700.

c. Note on the Sex Behavior of the Poitou Jacks. By Raymond
Pearl. Jour. Animal Behavior, Vol II1., No. 4, pp. 297-299.

d. Poultry Notes, 1911-1913. By Raymond Pearl. Me. Agr. Exp. Sta,
Bul. 216, pp. 141-168.

e. The Result of Selecting Fluctuating Variation. By Frank M. Sur-
face. Compte-Rend. IVe Conference Internationale de
Genétique, pp. 221-236.

f. The Fourth International Genetics Conference. By Frank M. Sur-
face. Amer. Nat, Vol. 47, pp. 646-640.

No. 57.

NI

ENTOMOILOGICAL PAPERS FROM THE MAINE AGRICUL-
TURAIL EXPERIMENT STATION, 1013.

Ent. 60. 'A Note on Two Elm 'Leaf Aphids. By Edith M. Patch.
Journal of Economic Entomology, Vol. 6, No. 3, 1013.

Ent. 61. Insect Notes for 1912. By O. A. Johannsen. Bul. 207 Me.
Agr. Exp. Sta. Issued March 14, 1913.
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Ent. 62. A .Study in Antennal Variation. By Edith M. Patch. Aunals
Entomological Society of America. Vol. 6, pp. 233-236,
Plates 24-27.

Ent. 63. Spruce Bud Worm and Spruce Leaf Miners. By O. A.
Johannsen. Bul. No. 210 Me. Agr. Exp. Sta. Issued April
11, 10I3.

Ent. 64. Potato Flea-beetle. By O. A. Johannsen. Bul. zrr Me., Agr.
Exp. Sta. Issued April 11, 1913

Ent. 65. Aphid Pests of Maine. Part II. Willow Family. By Edith
M. Patch. Bul. 213 Me. Agr. Exp. Sta. Issued July 25,
1913.

Ent. 66. Food Plant Catalogue of the Aphidae of the World. Part TI.
By Edith M. Patch. Bul. 213 Me. Agr. Exp. Sta. Issued
July 25, 1013, |

Ent. 67. Woolly Aphid of the Apple. By Edith M. Patch. Bul. 217
Me. Agr. Exp. Sta. :

Ent. 68. Woolly Aphids of the Elm. By Edith M. Patch. Bul. 220
Me. Agr. Exp. Sta.

Ent. 69. Food Plant Catalogue of the Aphidae of the World. Part
III, By Edith M. Patch. Bul. z20. Me. Agr. Exp. Sta.

CHANGES IN STATION STAFF IN 1913.

April 1, Dr. Charles E. Lewis, Associate Pathologist, re-
signed to go into farming.

May 1, Mr. Walter Anderson, Poultryman resigned to go
into farming.

May 1, Miss Estella Morrison, Computer, resigned.

July 1, Miss Helen W. Averill, Assistant Chemist, resigned
for a year’s rest on account of her health. .
April 1, Mr. Harold G. Gulliver, B. S. (Cornell) was ap-
pointed Scientific Aid in the field experiments at Highmoor

Farm.

May 1, Mr. Frank Tenney was appointed Poultryman.

July 1, Miss Hazel F. Marriner, B.'A. (Maine) was ap-
pointed Clerk in the Biological Department.

September 1, Mr. John Rice Miner, B. A. (Michigan) was
appointed Computer in the Biological Department.
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HOLMES HALL (EXPERIMENT STATION BUILDINGC)

The Maine Fertilizer control and Agricultural Experiment
Station was established by the Maine legislature of 1885, which
appropriated the sum of $5,000 a year for its maintenance. No
provision, however, was made for a building for its accom-
modation. Although it was established as an independent insti-
tution, the trustees of the State College offered it quarters, The
Board of Managers gladly accepted the offer. A laboratory was
provided in Fernald Hall and an office in Wingate Hall—the
wooden building, since burned, which stood where the present
Wingate Hall is located. This State Station was maintained
until the passage by Congress of the Hatch Bill in 1887 plac.d
at the disposal of the University the sum of $15,000 annually
for the maintenance of an Agricultural Experiment Station,
after which it was discontinued.

The increase in the funds available for the support of a sta-
tion permitted a considerable increase in the staff of investiga-
tion, and a consequent increase in its work, which made 'in-
creased laboratory and office facilities imperative. To meet this
demand, it was decided to erect a new building for the exclu-
sive use of the Station, to be located upon the slight elevation
to the east of Coburn Hall, one of the very best sites upon -he
campus. This building was constructed in 1887. It was built
of brick with granite trimmings, and was two stories in height,
with a one-story ell. In 1899 the building was enlarged by add
ing a wing to the south side, thus providing much needed space
for food laboratories and the director’s office. In the latter
was placed the greater part of the station library of about 1,700
volumes.

In accordance with the plan when the building was enlarged
in 1899, a wing was added on the north side in 1903. This addi-
tion restored the symmetry of the building from the front.
The structure thus completed was in the form of a rectangle
46x82 feet with a reentrant angle at the southeast corner. This
north wing was used for a time as a recitation room by the Col-
lege of Agriculture. With the passage of the Adams Act in
1906 the increase in the staff necessitated the Station occupying
the whole of the building.
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In 1913, still in accordance with the plan adopted in 1899 the
reentrant angle left when the addition was built on in 1903 and
a two-story front porch were built.

The appearance of the building when first erected and as
changed by the subsequent additions is shown in the plates.
The arrangement of rooms as they now are is shown in the
diagrams on pages xviii-xx. The building is 46x82 feet, two
stories high, with a high basement and a large attic.

On the first floor are five chemical laboratories, two entomo-
logical laboratories, and two plant pathology laboratories.

On the second floor are four offices, occupied by the director
and the administrative assistants; laboratories and offices of the
biologists, a seed laboratory, a photographer’s laboratory and
dark room. ‘

The basement contains two chemical laboratories, three plant
pathology laboratories, rooms for the gas generator for the
grinding and preparation of samples and for storage. '

The large attic is used for the storage of samples, supplies,
and extra copies of publications by the Station.

The building is heated by steam, lighted by electricity and
supplied with gas.

The total cost of the building was about $23,000.

In connection with the basement on the south end of the
building is a greenhouse used by the plant pathologists and
entomologist.

The increase in the work and force employed in the Station
necessitated the removal of the Station library to the Univer-
sity Library in the sumer of 1913,

The additions in 1903 gave a dignified building designed and
erected for agricultural investigations, and it seemed to the
Trustees of the University eminently fitting that it bear the
name of one of the most eminent pioneers in agricultural
science,—Dr. FEzekiel Holmes. This honor is more deserved
since Dector Holmes nearly 70 years ago urged the entablish-
ment in Aroostook County of a “state experiment farm” and
it was largely through his efforts that the Maine Legislature of
1885 established the Maine State College as a sebarate and
independent institution.

Holmes Hall was formally dedicated on May 25, 1904.

3
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BULLETIN No. 209.

NEW MINERAI, FERTILIZER.*
Chas. D. Woods.

For the past three years a material called at first New Eng-
land Mineral Fertilizer and later New Mineral Fertilizer has
been extensively advertised in New England. This advertis-
ing is of the persuasive kind and has led and may lead to still
further sales at about three quarters of a cent a pound of a
material which in its composition is exactly what they claim it
to be, ground rock. It is this likelihood of the money of the
farmer going to the coffers of the company for a material that
is nearly destitute of available plant food that makes necessary
the publication in the following pages of a matter that were it
not for the persistent advertising might be disposed of in two
pages or less. In their advertising the Company keeps within
the existing laws of this State. 1f a bill aimed against false and
misleading advertising that is now being considered hy the
Maine Legislature should be enacted into law it is possible that
something might be done. But that is doubtful, for their ad-
vertising is ingenious and guarded. For example, they com-
pare the analysis of the ground rock they call New Mineral
Fertilizer with the analysis of a soil that produces good crops
and point out the resemblances. They do not dwell upon the
differences. They have the same kind of testimonials from
users that are so familiar to the reader of patent medicine ad-
vertisements. 'But many have found the use of the goods dis-
appointing with results similar to those here reported. Such
instances are not reported in the company’s advertisements.

* This experiment was planned by the writer. The field work was
executed under the direction of Mr. Sinclair. The notes were taken
by Mr. Bonns.
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In 1910 the New England Mineral Fertilizer Company regis-
tered New England Mineral Fertilizer in Maine under the fer-
tilizer law. The following is quoted from the annual report
of the fertilizer inspection for 1911 :*

“NEW ENGLAND MINERAL FERTILIZER.

Occasionally during the past 25 years there have been zealous
advocates of the use of ground rock as a fertilizer. Soil is
formed by the weathering of rocks by the slow processes of
time. Dreamers, and it is to be earnestly hoped their dreams
may some time come true, have in their imagination seen the
stone walls that encumber so many New England fields con-
verted by mechanical and chemical processes into forms avail-
able for the production of fruit, grain, hay, roots and tubers
for the food of man and other animals. '

In 1909 the American Health Association of Clifton, New
Jersey, published a most remarkable 100-page pamphlet entitled
“The Fertility of the Soil and Life or Death. A Treatise on
the Use of Lava and its Influence on the Evolution of Plants,
Animals and Men,” by the “Professor of Polaric Nutrition at
the Divine Science University.,”  After a number of pages
which are apparently designed to befog the mind of the reader,
several different brands of lava such as the Mount Pelee Brand,
Mount Vesuvius Brand, the Coma Brand, Chimborazo Brand
for Trees, the Etna Brand for Sandy Soils, are exploited. In
most of the descriptions it is ingeniously suggested that these
various brands of lava be used in connection with barnyard
manure or else upon rich soils. The Department of Agriculture
of the American Health Association were willing to part with
these brands for prices varying from $15.00 to $30.00 per ton,
f. 0. b. Passaic, New Jersey.

In 1910 the New England Mineral Fertilizer and Chemical
Company of Boston, Mass., were licensed to sell in Maine New
England Mineral Fertilizer which was guaranteed to contain ,
no nitrogen or ammonia, a trace of available phosphoric acid,

* Maine Agricultural Experiment Station, Official Inspections 29.
January 1911.
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a trace of total phosphoric acid and a trace of potash. When
the application for the license was received, the question
naturally came up as to whether such a material could be li-
censed under the fertilizer law of the State. The law applies to
“any material used for a fertilizing purpose, the price of which
exceeds ten dollars a ton.” As this was quoted at $15.00 a ton
in carload lots and $17.00 per ton in less than carload lots, it
seemed to come within the definition of the law. It will be
noted that the goods make no claim for the presence of plant
food as obtains in ordinary fertilizing materials, and as is con-
templated by the law. .

They have apparently issued a good deal of descriptive liter-
ature. In these publications considerable reference is made to
the work of the “Professor of Polaric Nutrition at the Divine
Science University,” although he is not given his official title,
so far as noted, in the publications of the New England Mineral
Fertilizer Company.

There are probably no claims made for the composition of
these goods that are not borne out by fact. They do, however,
make claims for the performance of this so-called fertilizer
many of which are contrary to exact experiments that have been
obtained with this class of materials. It is not a new thing to
attempt to fertilize land with ground rock. Feldspar which con-
tains a large amount of potash has been used repeatedly in sci-
entific experiments with no substantial results. It is impossible
to quote at any length from the absurd literature which is used
in advertising these goods. One claim—‘“No fear of burning
the plants with this fertilizer’—is probably correct.

The writer has no knowledge of the sales that were made in
Maine in 1910 of these goods with the single exception of a
lot which was sold to Mr. A. J. Orf of North Bradford. When
Mr. Orf received the goods he wrote to the Experiment Station
about having them analyzed. He was informed that no doubt
the goods would carry what they claimed to—that is, not any
of the ordinary plant food materials, but would contain an
abundance of the constituents of rocks quite similar to those
present in his field. On receipt of the letter from the Experi-
ment Station Mr. Orf was naturally indignant with the company
and wrote them a strong letter. They, however, persuaded him
to make a trial of the Mineral Fertilizer and he wrote them

2
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in October, enclosing a slip taken from the Bangor Commercial,
showing that he had taken the first premium on pumpkins and
cucumbers at the Charleston Fair, grown by the use of New
England Mineral Fertilizer. Naturally the company were elated
at this testimony and sent to the writer a series of letters, in-
cluding the one which he had written Mr. Orf, which they pro-
posed to publish to show the value of the New England Mineral
Fertilizer and the ignorance of Experiment Station people.

-‘On receipt of this communication the writer at once wrote
Mr. Orf asking for particulars as to soil, methods of treatment,
etc., and also asking the best way to get to his place in order
that the land where this marvel was produced might be seen.
October 21 Mr. Orf wrote that he grew the pumpkins and took
the prize at Charleston. These were grown “on New England
Mineral Fertilizer with a light coat of manure.” He also says:
“My potatoes I say nothing ahout, only ten bushels from two
rows 25 rods long.” And again: “The company wants me as
an agent but I won’t swindle the public.” Further on he says:
“You will see by my letter that it is no use to come up here.”

As stated ahove, it is lawful so far as the fertilizer law is
concerned for this company to sell this material under the
claims that they do that it is free from nitrogen and contains a
trace of the two other constituents of commercial fertilizers that
are required by law to be stated on the package. If the fertil-
izer law were as broad as the food and drug law these goods
would be mislabeled if accompanied by such statements as are
made in the literature which these people distribute.

In 1910 the Experiment Station had about three acres at
Highmoor Farm on which oats were grown without fertilizer.
The object of this was to test the natural uniformity of the
land and see how well it is suited for plot experiments. Tt is
planned in 1911 to use a part of this field in an experiment to
test the Mineral Fertilizer on potatoes and corn. Six-tenths
of an acre will be set aside for this purpose and laid out into
six plots. Two of these plots will be unfertilized, two will be
fertilized with Mineral Fertilizer in accordance with the direc-
tions for the particular crop to be obtained from the New Eng-
land Mineral Fertilizer and Chemical Company, one of the re-
maining plots will be fertilized at the rate of 1300 to 1800
pounds per acre with a high grade fertilizer. and the other plot
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will he fertilized at the rate of eight cords of manure and 500
pounds of fertilizer to the acre. One of the unfertilized plots
will be planted to sweet corn, the other to potatoes. One of the
plots manured with Mineral Fertilizer will be planted to sweet
corn, the other to potatoes. The plot with 1500 to 1800 pounds
of high grade fertilizer will be planted to potatoes, and the one
with manure and fertilizer to sweet corn.”

PLANNING THE EXPERIMENT.

Prior to the publication of Official Tnspections 29 correspon-
dence was begun with the New FKEngland Mineral Fertilizer
and Chemical Company relative to the experiment outlined in
the preceding paragraph. Under date of January 2 the presi-
dent of the company wrote:

“Yours of the 23rd at hand. We are more than pleased to
know that you have concluded to give us a fair show. We
shall ship you free of cost whatever amount of fertilizer you
desire for this experiment. The same will be identical in analy-
sis with the product which we are to put out the coming sea-
son. You stated in your letter that you wished to make an
experiment on six plots. AIll that we ask’is that you use an
equal number of pounds of our fertilizer in competition with
the best fertilizer that you can get on the market.”

January 3 the Director of the Maine Agricultural Experi-
ment Station wrote the New FEngland Mineral Fertilizer and
Chemical Company as follows:

“Your letter of January 2 is at hand. In the proposed test
of Mineral Fertilizer we shall use the equivalent of 360 pounds
of a high grade fertilizer carrying 4 per cent nitrogen, 8 per
cent of available phosphoric acid and 7 per cent of water solu-
ble potash. We will use the same amount of Mineral Fertilizer
or any amount which yvou will suggest. When you get ready to
send the New England Mineral Fertilizer please ship it to the
Maine Agricultural Experiment Station, Monmouth, Maine, and
notify me at Orono of the shipment. I note your offer that you
will furnish this New FEngland Mineral Fertilizer free. We,
however, are ready to pay for it. Kindly send bill when the
goods go forward to me here at Orono.”
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February 27, 1911, the president of the New England Min-~
eral Fertilizer and Chemical Company again wrote as follows:

“We are shipping you, as directed, 100 pounds of our Min-
eral Fertilizer. After reading your very flattering remarks on
our fertilizer in Official Inspections 29 we have concluded that
it would be advisable for this company to send a representative
to see this fertilizer applied. So if you will inform us when
you are ready to make your test we will send a man to see the
fertilizer put on and we will also send a man at different peri-
ods during the season so that we may stand at least a small
show of getting fair treatment.” Much of the remainder of
the letter is personal abuse and the following is the only part
which bears upon the proposed experiment as it indicates that
they knew when they sent the 100 pounds of fertilizer for the
plots exactly what was to be used on the other plots. “It is
very self evident from the tests which you lay down in your
bulletin which you are going to make with this Mineral Fer-
tilizer and the quantity of what you call high grade fertilizer
and the large quantity of stable manure, together with the large
amount of chemical fertilizer that you intend putting against
this worthless, good for nothing, ground rock which in your
judgment is poorer than ordinary dirt, that you are afraid of
some of the statements which you have made otherwise you
would not wish to corral a large percentage of the fertilizer
in your vicinity to dope up your soil for fear that you would
be beaten in the coming test which you say you are going to
make.”

March 7 this letter was acknowledged as follows:

“Your letter of February 27 and 100 pounds of your fertil-
izer received. I will notify you as far in advance as I can of
the time of the experiments with potatoes and corn on which
Mineral Fertilizer is to be used will be stated. There will have
to be two different plantings, as the potatoes will have to be
planted earlier than it is safe to plant corn with us. The farm
is open to visitors at all times and you or your representatives
will always be welcome.” ‘

May 23 the following letter was written to the New England
Mineral Fertilizer and Chemical Company:

“I have to leave to day for a week or ten days absence. The
plots have been sclected for the experiment with the New Eng-
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lana Mineral Fertilizer and laid out and full directions have
been left relative to the plans with Mr. Bonns, our horticultur-
ist, who is at Highmoor Farm, and Mr. Sinclair, the superin-
tendent of the farm. The plots will probably be planted during
my absence, and you will be notified as far in advance as prac-
ticable of the exact date when the planting will be done.”

All six of the plots were planted on May 30 in the presence
of a representative of the company. At that time the represen-
tative claimed that not a sufficient amount of Mineral Fertilizer
was being used, and this matter was pointed out in a letter from
the company under date of June 2.

Under date of June 5 the following letter was sent to the
New England Mineral Fertilizer Company :

“Your letter of June 2 is at hand. We will gladly use all the
New England Mineral Fertilizer on the plots where we are
using it that you desire to be added. When I wrote you De-
cember 23, iglo, outlining the experiment I thought that we
would make a tenth acre of each plot and, therefore, asked you
to send the needed amount of New England Mineral Fertilizer
to fertilizer one-tenth of an acre of potatoes and one-tenth of
an acre of corn, asking that it be shipped to the Experiment
Station at Monmouth. We received from you one bag which
contained considerably less than 100 pounds. You did not
send any directions for its use but said that you would have
a representative present at the time of planting. * * * * *
We will add any further amount of your fertilizer on the plots
on which it is used that you may wish to send to the Experi-
ment Station at Monmouth. My thought in the letter of De-
cember 23 was to have you fertilize the plots which were to be
grown with the New England Mineral Fertilizer exactly as
you wanted them. In the last sentence of the first paragraph of
your letter of June 2 you say ‘It seems to me that the test
which you are giving our fertilizer is extremely unfair” I
have compared the report of your representative with your
letter of December 23 and do not see wherein they differ in any
essentials with the exception that the size of the plots was
changed to one-twentieth of acre instead of one-tenth of an
acre, as originally planned. If the unfairness consists in using
a too little amount of the New England Mineral Fertilizer 1
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do not feel that we were to blame for that and we are ready
to correct it in any way that you suggest. 1f there are other
particulars in which the experiment seems to you to be unfair
I would be glad to have them stated in definite form. 1 had
supposed that the plans of the experiment were agreed to by
your company.”

Under date of June 8 the company wrote: ,

“Yours of recent date received, and in answer will say that
we doubt very much if it would do any good to put on Min-
eral Fertilizer this late in the season to the plot of ground in
question at the experiment farm unless we had plenty of rain.
We note that on Plot D you have used 60 pounds of Armour
4-8-7 in the drill and intend to apply 30 pounds more later,
making go pounds of what you call high grade fertilizer. Now
against this plot you have used only 40 pounds of our Mineral
Fertilizer and we think that this is hardly a fair test consider-
ing in your estimation that Mineral Fertilizer is poorer than or-
dinary soil.” The letter then proceeds to make similar com-
parisons on other plots, and concludes: ‘“We .think this is a
very unfair test. However, it is too late to make any changes
and we will have to await the results.”

June 10 the company were written as follows:

“Your letter of June 9 is at hand. Frankly I do not like its
tenor. It seems to me to be an evasive letter. December 1910
I wrote you outlining the experiment which I planned to put in
effect provided you desired to have it carried out. I wrote you
at that time exactly how much fertilizer we intended to use
on the plots that we were going to fertilizer with commercial
fertilizer and farm manure. The experiment was planted ex-
actly as outlined there, with the exception that we used one-
twentieth acre plots instead of one-tenth acre plots, as outlined
in my letter of December. Relative to the amounts of the Min-
eral Fertilizer which were to be used, that was left, as you will
find in that letter, entirely to your discretion. T told you that
there were to be two tenth acre plots. I asked you to furnish
Mineral Fertilizer encugh for those plots. You sent 100 pounds
in a bag which was rather loosely woven so that some of it
sifted out in transit. We also took a pint out of the bag for
the purpose of chemical analysis. We applied all of the fertil-
izer which you have sent to the two plots of one-twentieth
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acre instead of the two plots of one-tenth acre each, as origi-
nally planned. If there was not as much Mineral Ifertilizer
used as you desired upon the plots it seems to me that the fault
is entirely with you. We were ready to apply the fertilizer
in any amount which you furnished us. As to your contention
that it is too late to apply fertilizer at the present time, that is
absurd. Corn is just barely pushing through the ground and
had made practically no growth as yet. The same is true of the
potatoes. You will note that we are planning to add extra
fertilizer to the plots which were planted with chemical fertil-
izer and farm manure.”

No reply was received to this letter and on September 8
they were written that in the near future the crops would be
ready for harvesting, and that if they cared to send a represen-
tative I would be glad to arrange to be there with him. By
later correspondence it was arranged that the crops stay in the
field and that the representative of the company should be
present Wednesday, September 20, at the harvesting of the
potatoes and the corn. '

At the time when the representative of the New Mineral
Fertilizer Company was present at harvesting he said that in
his judgment altogether too little Mineral Fertilizer was used,
that while he recognized that the company was at fault in this
matter it was through their misunderstanding, he supposed.
He had nothing to do with the planning of the experiments
originally, or the passing upon the experiment as outlined.

It was arranged with him that the results of the present sea-
son (Igli) should not be published, that we would repeat the ex-
periment on exactly- the same land again on 1912, that they were
to furnish what Mineral Fertilizer they wanted to be applied
either in the fall or in the spring as they deemed best. Under
date of October 10 Mr. Yoden, representing the New England
Mineral Fertilizer Company wrote: “At the suggestion of Doc-
tor True I am going to ask you if it will be agreeable to you to
increase the number of plots in the Mineral Fertilizer experi-
ment. 1 would like to have you try the experiment on nine
plots of potatoes, and the same on corn. Some of these plots
we would like to be used with Mineral Fertilizer in connection
with stable manure. We will tell you just what amount of
manure and fertilizer we would like to have you use if you
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decide to increase this experiment. If this increase is agreeable
to you I will have sent to you the fertilizer necessary, also in-
structions as to how we would like to have this used. If the
experiment cannot be increased 1 will send you the necessary
fertilizer for the two plots where we had the experiment this
year.”

October 11 the company was written:

“Mr. Yoden’s letter of yesterday is at hand. I would be glad
if he would outline more in detail the experiments as he would

like to have them if we could increase the number of plots from
6-to 18.”

No reply was received to this letter and November 1 atten-
gion was again called to the letter of October 10. The follow-
ing letter was written in reply; under date of November 2:

“In answer to your letter of November 1 would say that I
would advise that you increase the number of plots to give a
more thorough trial of the fertilizer.” The letter was signed hy
Mr. McCrellis, per Mr. Gooch. '

November 4 we wrote in reply declining to increase the num-
ber of plots but said “Kindly send at your convenience to the
Maine Agricultural Experiment Station, Monmouth, Maine, as
much of the fertilizer as you wish to have used on two twen-
tiecth acre plots, one-twentieth to be planted to corn and the
other one-twentieth to be planted to potatoes.”

No reply was received to this letter and under date of April
11, 1912, they were again written to reviewing the whole cir-
cumstance, asking them to send the fertilizer, and stating: “If
I do not hear from you by April 20 I shall' consider that we can
use the plots that have been reserved for this experiment for
other purposes and that you do not wish to continue the experi-
ment.”

This was the end of the correspondence with the company.

' Tur EXPERTMENT.

The soil in the field selected for this experiment was medium
light rocky loam from which all of the stones had been removed.
The subsoil was firm and compact and well retentive of moist-
ure. It had been in grass and orchards for a number of years.
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It was plowed and kept in clean culture and seeded to oats in
1910 without the addition of any fertilizer whatever. The
object was to test the uniformity of the soil and see if it was
adapted to a soil test experiment. The yield of oats was about
30 bushels per acre. The part of the field selected for the ex-
periment was divided into six plots, 62 1-2 feet long and 24.8
feet wide, each plot containing 2175 square feet. The field all
had a gentle slope towards the west. The soil was as uniform
as it was practicable to select. Commencing from the south
the plots were numbered, A, B, C, D, F, and F. Corn was
grown on Plots A, B, and C, and potatoes on Plots D, E, and F.
Plot A. was fertilized with one-fourth cord of manure and 25
pounds of 4-8-7 fertilizer. Plot B was fertilized with 45 pounds
of Mineral Fertilizer. Plot C was a check without fertilizer.
Plot D had go pounds of a 4-8-7 fertilizer, 60 pounds of which
was applied at planting and 30 pounds later. Plot E had 43
pounds Mineral Fertilizer. Plot F was a check without fertil-
izer. The plots were manured and planted on May 30. The
corn was about 18 inches in a row and the rows 36 inches apart,
12 rows in each plot, and five kernels to the hill. The pota-
toes were 12 inches in the row, rows 32 inches apart, with 13
rows to the plot. The corn was cultivated and hoed seven
times between June 17 and July 11. The potatoes were cultivat-
ed six times between June 16 and July 11 and were sprayed five
times between June 30 and August 17.

June 9 the potatoes were coming about equally on all the
plots, and the corn was coming slowly. The corn appeared on
Plots B and C a day or two earlier than on A. June 15 Plots
B and C had slightly better growth and stand than Plot A.
July 3 flowering was beginning on all the potato plots. A had
a good growth, B and C noticeably less than A, but were about
equal. D had a good growth, E and F less than D and about
alike. July 13 A had an excellent growth, B and C were alike
but less than A by an estimate of 60 per cent. D had excellent
growth, E and F similar to the conditions of B and C. July 26
to July 31 A tasselled out and on August 3 and 4 silked. On
August 3 and 4 B and C were beginning to show tassel spikes.
August 14 B was tasselled out and on August 17 the pollen was
ripened.
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The yields were as shown in the following table:

Table Showing Yield of Corn.

Plot. Fertilizer. Hills. Plants. Total crop Corn on ear

pounds. pounds.
A Manure 364 871 450 284
B Mineral 412 1253 145 33
C None 424 1318 175 43

Table Showing Yield of Potatoes.
Plot. Fertilizer. Hills. Merchantable Culls

pounds. pounds.
D Commercial 499 310 36
E Mineral 670 210 55
F None 635 239 46

It will be noted that the plots which contained Mineral Ter-
tilizer yielded in each instance somewhat less than the plots
without fertilizer. The differences, however, are too slight to
be attributed to the use of the Mineral Fertilizer. The results
in this particular experiment, with the amount of fertilizer use
show that there was no appreciable beneficial results from the
application of Mineral Fertilizer on this soil and with these
two crops. The company’s claim that not enough Mineral Fer-
tilizer was used may be valid. They, however, were informed
of the nature of the experiment and were asked to send the
amount of Mineral Fertilizer that they wished to be used on
two tenth acre plots. The amount sent was used on two twen-
tieth acre plots. Their failure to send any fertilizer for the
repetition of the experiment in 1912 would seem to indicate
that they were content with the delay of a year in the publica-
tion of the results of this trial and did not care to have their
fertilizer tested against commercial manures.



BULLETIN No. 210.
SPRUCE BUDWORM.*

(Tortrix fumiferana Clemens.)
O. A. JOHANNSEN.

For the past two or three years the spruce budworm has
proved the most serious pest of the spruces in Maine. It ap-
pears to be a native of this country for it is here that the species
was first described in 1865 and there are accounts of the rav-
ages of an insect believed to be this as early as 1807. It is at
present widely distributed over eastern Canada, northern Eng-
land, New York, Vancouver, and Manitoba. The fact that the
insect chiefly attacks the buds and new shoots makes its pres-
ence in timber lands a serious problem.

HISTORY AND DISTRIBUTION.

The earliest account we have of the appearance of what is
believed to be this insect, is given by Professor Packard in the
Fifth Report of the U. S. Entomological commission, p. 835,
which reads as follows:

“From Rev. Mr, Kellogg we learned the following interesting facts
regarding the appearance of the similar, most probably the same species
of caterpillar, even upon the same farm that was ravaged in 1878, early
in this century. According to Capt. James Sinnett and Mr. John Jor-
dan, of Harpswell, the spruces of Harpswell and Ort’s Islands were
destroyed in 1807. Captain Bishop, whose son made the statement to
Mr. Kellogg, cut down the dead spruces on these islands and worked

*Papers from the Maine Agricultural Experiment Station: Ento-
mology No. 63.
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six weeks boiling the sea water with fuel thus obtained, in order to
make salt. This was during the embargo which led to the war of 1812
with Great Britain. It is interesting to note that the budworm in 1878
appeared on the same farm on which the spruces had been destroyed by
a worm in 1807, or about 80 years previously.”

Of course we do not know that the insect referred to in the
foregoing account is the spruce budworm, but it is extremely
probable. The first authentic knowledge we have of this species
came with a publication of the technical description in 1865 by
Mr. Brackenridge Clemens of Easton, Pa., who described it from
specimens received from Virginia. In 189 Mr. C. T. Robin-
son redescribed a brown variety under the name Tortrix nigri-
_dia believing it to be an undescribed species. The specimens
were obtained from Ohio, Pennsylvania and Massachusetts.

It was not until the late seventies and early eighties that the
insect again came into prominence because of the great damage
it caused to the spruces along the coast of southwestern Maine.
Professor A. S. Packard in the Fifth Report of the Entomo-
logical Commission (1800) gives us an excellent account of this
outbreak and we can do no better than quoting from his work.

............... From inquiries and field work carried on in June
and July 1883, in different parts of Maine, we have little doubt but that
the destruction of spruces and firs along the coast of the State was
mainly due to the attacks of this insect.

“The different climatic causes alleged to destroy forest trees in
general, would, in the present case, have injured pines and hardwood
trees as well as spruces and firs, and the destruction would have been
general; whereas the trees have been killed by a caterpillar which is
not known to live upon pines nor any trees but spruce, fir, and occa-
sionally the hemlock and larch. Individual trees, or clumps of trees,
were attacked, whether in high and exposed situations or in hollows;
occasionally from such centers the worms seem to have increased and
spread from year to year, until all the trees in localities several square
miles in extent were killed. Moreover, as we have seen in the case of
the attacks of larch worms, the defoliation of spruces and firs repeated
two and perhaps three summers is sufficient to either kill the tree out-
right, or so weaken it that bark-boring beetles can complete the work
of destruction. We are now inclined to the opinion, then, that the Bud
Tortrix is the sole or at least the main cause of the destruction of
spruces and firs in Cumberland, Sagadahoc and Lincoln Counties, Me.,
and that by their attacks they render the trees liable to invasion by
hosts of bark beetles.
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“We next visit Harpswell Neck, and found from our own observation
and by inquiry from others that a large proportion of the spruces and
firs for a distance of about 10 miles have died within about four years.
The pleasure of driving over this picturesque road, with its striking
northern harsh and wild scenery and frequent glimpses of Casco Bay,
in former years greatly enhanced by riding through bits of deep, dark
spruce forests, has been not a little marred by the acres and even
square miles of dead spruces, stripped of their dark sea-green foliage,
reduced to skeletons, and presenting a ghastly, saddening, and de-
pressing sight, which border the road. And, indeed, one may travel
through the spruce forests of the coast from Portland to Rockland
and meet with similar sights.

“We visited late in August, in company with A. G. Tenney, Esq., the
farm of Mr. William Alexander, passing, before reaching the road
leading to his house, an area of several acres from which the spruce
growth had been cut off in consequence of their widespread destruction
by insects. Mr. Alexander informed us that the spruce trees were, in
his opinon, killed by small caterpillars which have been at work for
five years, but which were most destructive in 1879. These caterpillars
he described as being the young of a small brown moth which laid its
eggs in autumn; the caterpillars hatching from them were not inch-
worms, but when fully grown the body tapered towards both ends, and
were about three-quarters of an inch long, and were most destructive
June 20, when they are seen among the buds at the ends of the branches,
where they draw the leaves together, eating the buds and not the leaves.
He had also seen borers in the trees, but he thought the death of the
tree should be attributed to the bud-worms rather than to the borers.
As will be seen further on, a number of caterpillars were found by us
late this summer feeding upon leaves of the spruce and fir, but the
worm observed by Mr. Alexander was probably one of the leaf-rolling
caterpillars, a species of the family Tortricidae. A number of spruces
and firs with their leaves still on but of a bright red, were observed
scattered along the roadside; but no signs of leaf-worms or borers
were observed in such trees, although the dead, leafless trees were
infested with bark-borers.

“I was informed by the late C. J. Noyes, Esq, of Brunswick, who
was a summer resident at Merepoint, that in June and the first week in
July, 1878, the spruces and firs were attacked by great numbers of
‘little measuring worms, like the currant worm in shape’, which eat the
buds at the ends of the branches; since 1878 they had mostly disap-
peared, and in the summer of 1881 he had noticed only four or five.

“From Harpswell Neck we traced dead spruces and firs around to
West Bath, where extensive forests had been destroyed and numbers
of dead hemlocks were observed, while the wood was attacked and the
bark undermined and perforated by Buprestid borers, bark borers, and
the pine-weevil (Pissodes strobi). We have nowhere seen hemlock
trees, which are more exempt than any other coniferous trees from the
attacks of insects, so much infested.
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“The death and destruction of spruce forests were reported to us at
Rockland, Me., and at Calais, Me., the destruction having been observed
by Mr. Sewell at the latter town in 1879. From these facts there is
good reason to suppose that perhaps a third of the spruce and fir forests
from near Portland to Calais have been destroyed by insects, most of
the work of destruction having been accomplished four or five years
ago, during 1878-70.

“Similar damage has been done at points ten or twelve miles from
the sea and in the interior of the State. The injury was especially
noticed in North Topsham, near the Bowdoinham line. According to
the statements of Mr. Willis, the agent of the Feldspar works in North
Topsham, forwarded by Dr. C. A. Packard of Bath, Me., the spruces
were in 1879 attacked by borers and also by small caterpillars, ‘not
measuring worms’ (probably like those observed by Mr. Alexander at
Harpswell.) The trees thus defoliated leaved out, becoming green
again; and in 1880 and 1881 the evil seemed to be diminishing, as has
been noticed at other places.

“Further facts regarding the extent of the ravages of the spruce
bud-worm in Maine.—The following facts regarding the extent of the
ravages of this caterpillar on the coast of Maine were gathered during
the summer of 1883, and for want of space omitted from the report
published in that of the Entomologist of the Department of Agricul-
ture.

“The westernmost locality at which the spruce bud-worm was ob-
served was on Peak’s and other islands in Portland Harbor, the spruce
not extending in any great quantity west of that city. The spruces
about Sebago Lake were also destroyed by this worm or a similar
caterpillar, in 1878, as we are informed by Rev. Mr. Kellogg, a Mr.
Townsend being his authority. Around the shores of Casco Bay and
on many of the islands, especially Birch Island, Orr’s Island, Jewell’s
Island, and Great or Harpswell Island, also on Harpswell Neck, Mere
Point, Prince’s Point, as well as other peninsulas extending into Casco
Bay, wherever the spruces and firs grow thickly, extensive areas of
these trees were observed; also similar masses of dead spruce were ob-
served along the Maine Central Railroad, from Portland to Brunswick,
and thence to Bath; also on the shores of Cathance River, at and near
Bowdoinham, Me. Wherever the fiords or narrow bays and reaches
extend inland, in Cumberland and Sagadahoc as well as Lincoln Coun-
ties, the spruce and fir forests clothing their shores had been invaded
by this destructive caterpillar. Wherever the spruces were abundant
on the Kennebec River, below Bath, particularly on the eastern side, at
and near Parker’s Point, and also at and west of Fort Popham, there
were extensive patches of dead spruces. Similar but smaller masses
of dead spruce were observed along the steamer route from Bath to
Boothbay Harbor, at and to the eastward of Southport; none were
observed on Mouse or Squirrel Islands. In the course of a journey,
at the end of July, from Brunswick along the coast to Eastport, we were
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able to ascertain the eastern limits of the ravages of this worm. Sev-
eral clumps of spruces which had just died were seen on the Knox and
Lincoln Railroad before reaching the Wiscasset Station. At Waldoboro,
southeast from the station, was an extensive area of dead spruces which
presented the same characteristic appearance as in Cumberland County,
and for two or three miles beyond Waldoboro there were to be seen
large masses of dead spruces and firs. Beyond Warren no dead spruces
were to be seen; none were observed about Rockland, Camden, Blue
Hill, or the Islands of Penobscot Bay; none on Mount Desert, or on
the islands from Mount Desert to Fast Machias, nor on the road from
East Machias to Lubec, although the predominant growth is spruce. No
dead spruces were to be seen about Eastport, nor along the railroad
from St. Stephen’s to Vanceboro and thence to Bangor. From personal
observation and inquiry it is safe for us to. report that east of the
Penobscot River, in eastern Maine, south of Aroostook County, there
are no areas of dead spruce. Returning to Brunswick from Bangor,
the characteristic patches or large clumps of dead spruce and fir were
not seen until we reach a point south of Richmond, and near Bowdoin-
ham, on or near tide-water on the Cathance River. The general ab-
sence of any extensive areas of dead spruces around the Rangeley
Lakes and the White Mountains has already been referred to in our
report. It thus appears that the injury from this worm has been
confined, at least south of Aroostook County, to an area on the coast
extending from Portland to Warren, and extending but a few miles
inland from the sea to tide-water.

“The injury resulting from the attacks of the bud caterpillar are
characteristic, as we have stated, the trees dying in masses or clumps
of greater or less extent, as if the moths had spread out from different
centers before laying their eggs and the caterpillars, hatching, had
eaten the buds and leaves, and caused the trees to locally perish. From
all we have learned the past season we are now convinced that the
spruce bud worm (Tortrix fumiferana) is the primary cause of the
disease on the coast. As remarked to us by the Rev. Elijah Kellogg,
of Harpswell, Me, who has observed the habits of these caterpillars
more closely than any one else we have met, where the worms have
once devoured the buds the tree is doomed. This, as Mr. Kellogg re-
marked, is due to the fact that there are in the spruce but a few buds,
usually two or three at the end of a twig; if the caterpillar destroy
these the tree does not reproduce them until the year following. If
any one will examine the buds of the spruce and fir they will see that
this must be the case. Hence the case with which the attacks of -this
caterpillar, when sufficiently abundant, destroy the tree. We have not
noticed that the spruce and fir throw out new buds in July and August
after such an invasion, the worm disappearing in June. On the other
hand, the hackmatack or larch when wholly or partly defoliated by
the saw-fly worm (Nematus) soon sends out new leaves. By the end
of August we have observed such leaves about a quarter of an inch
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long. In the following spring a larch which has been stripped of its
leaves the summer previous will leave out again freely, although the
leaves are always considerably, sometimes one-half shorter. Now, if
any one will examine the leaf buds of the larch it will be seen that
they are far more numerous than in the spruce and fir or other
species of the genus Abics, being scattered along the twig at intervals
of from a line to half an inch apart. Hence the superior vitality of the
larch, at least, as regards its power of overcoming or recuperating from
the effects of the loss of its leaves in midsummer. Besides this, the bud
worm of the spruce and fir is most active and destructive in June, at
the time the tree is putting forth its buds, while the hackmatack, which
drops its leaves in the autumn, has become wholly leaved out some
weeks before the saw-fly worms appear. TFor these reasons, while the
spruce and fir usually die if most of the leaves and buds are eaten
after the season’s attack, the larch may usually survive the loss of
leaves for two seasons in successiorn.

“In addition to the facts regarding the great abundance of the bud
worm we may cite information given us by Prof. L. A. Lee, of Bowdoin
College, who observed the bud-worms in June, 7880, upon the spruces
at Prince’s Point, Brunswick, and had no doubt but that they were
sufficient to cause the death en masse of these trees. In 1832 we visited
the locality, and many of the trees had heen cut down for fuel......... ”
" “During the season of 1836 and 1887, as in 1885 no traces of the
caterpillars or moths of Tortrix fumiferana, formerly so destluctlve to
the firs and spruce, were discovered.”

For a perio:l of 25 years there was no reoccurrence of any
seriouis injury caused by this insect, and it was not until about
5 years ago that we again find them beginning to be trouble-
some. Dr. Fletcher records them frem Manitoba in 1907.
In July 1909 myriads of the moths were noticed in western
New York, many gaining entrance into houses and barns,
where the females unable to find a suitable place for the deposi-
tion of eggs laid them upon window sills and casements. Thou-
sands found their death in the arc lights of the streets. In
Canada, Dr. Hewitt states that in 1909 the larvae were defoliat-
ing considerable areas of balsam and spruce in the upper
Gatineau region about 100 miles north of Ottawa. They are
carried considerable distance by the wind and this method of
disposal accounts for the rapid spread of the insect. During the
succeeding years the insect has spread over a wide territory
covering southeastern Canada east of Lake Huron, southward
to the Gulf of St. Lawrence, eastward to Nova Scotia, all of
northern New Ingland and northern New York. In Canada
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there are in addition several infestations in more western locali-
ties as in Manitoba and Vancouver, while in the United States
in ‘Philadelphia in July 1911 the moths were so abundant that
according to the daily papers street car traffic was suspended
on one occasion owing to the moths upon the tracks.  Dr. W. E.
Britton (Twelfth Report, 1912) states “In Connecticut I have
never seen them as abundant as they were the past season.” ‘

According to the observations of Dr. Packard the infestation
of 30 years ago in Maine was practically confined to the coast
region westward of the Penobscot river chiefly in Knox, Lin-
coln, Sagadahoc, and Cumberland Counties. The present out-
break covers a much wider range for we have records of the
occurrence of the caterpillars from Aroostook, Penobscot, Pis-
cataquis, Hancock, and Waldo counties. In the vicinity of Cas-
tine, on the shores of Penobscot Bay and in the Moosehead lake
region the insect was first reported in 1911, and though in all
probability it occurred in various localities the previous year no
reports were received at this Station of its occurrence in 1910,
in Maine. The following extract from a letter of July 5, 1911
received from Mr. E. L. Dean of Greenville Junction gives an
idea of the situation in that locality. ‘

“We think the worms have all transformed to pupae, and most of the
pupae have hatched into moths which are getting to be very numerous
in the woods now. As nearly as we can learn the infested region is
from the East Outlet of Moosehead Lake to Township No. 4. Range
6, B. K. P. W. K. P. We have not heard of any of the worms north
of Moose River. We cannot say how far south they are, but the
center of the infestation seems to be in the vicinity of Parlin Road. The
worms have been working on all sizes of spruce and fir trees and we
think they have worked more on the fir than on the spruce. The worms
have eaten this season's growth and the small trees from which the
entire season’s growth has been stripped are apparently dead.”

HABITS AND DESCRIPTION.

The first intimation that we usually have of the presence of
the spruce bud worm is in the late spring or early summer
when we see the trees by the roadside as well as in the woods
look as if a light fire had passed through them. The little
caterpillars feed upon the needles of the new bud or terminal
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shoots. They gnaw the base of the needles, separating them
from the twig, spinning them together by means of the silken
thread they secret. The larva thus forms a loose shelter, mov-
ing about in the space between the twig and the loosened nee-
dles and bud scale, and not, like many leaf-rolling caterpillars,
living in a regular tube. The seriousness of the attack of this
insect upon the conifers lies in the fact that the caterpillar
feeds upon the buds and new growth, not turning its attention
to the older growth until the young needles are entirely con-
sumed. A recurrence of the attack for two or three consecu-
tive years in severe infestations would cause the death of the
tree.

The trees which are liable to attack are firs, spruces, larch
(or tamarack,)* hemlock and white pine. According to obser-
vations made by Mr. Wm. C. Woods in the region about Houl-
ton, the firs are most susceptible. In woods where white, red
and black spruce occur, the first mentioned is chiefly affected.
At Houlton the larches were also injured. Qur own observa-
tions made in the vicinity of Orono, Castine, east shore of Pen-
obscot Bay and Seal Harbor on Mt. Desert Island confirm
those of Mr. Woods. On estates where the Norway spruce is
found it vies with the white spruce in susceptibility to attack.
The injury to the trees is most conspicuous about the time the
larva is full grown, that is about the middle of June in the vi-
cinity of Orono. At this time the fragments of the leaves left
by the worms and the frass are quite conspicuous, and at a dis-
tance trees which are seriously affected appear as scorched by
fire (Fig. 8). . Late in the season after the emergence of the
moths, winds and rains have removed loose dry leaves and frass
so that the tree, unless the old foliage has also been eaten no
longer presents so desolate an appearance.

The caterpillar (larva) begins feeding when growth starts in
the spring becoming full fed between the first and middle of
June. (Fig. 5). They are then about four-fifths of an inch
long, of a reddish brown color, and have small light yellow
warts on each segment of the body, the sides of the caterpillar
are light in color. Sometimes they have a slightly greenish

*QOften though erroneously called the Juniper in Maine.
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tinge. About the middle of June they transform to brown
<hrysalids (Fig. 6) inside the loosely made shelters. In a
week or ten days the small grayish brown moth (Fig. 7)
emerges from the chrysalid dragging the empty case practically
out of the larval shelter. The moths may be seen on the wing
from the middle of June until toward the latter part of July.
Though the moth is prettily marked with brown and black, the
scales which adorn the wings are very easily rubbed off so that
the insect when caught frequently appears to be of a uniform
yellowish gray. Shortly after emergence the moths deposit
their peculiar pale green scale like eggs in small oval patches
(Fig. 4) on the sides of the needles, and they are not conspicu-
ous.  About Orono the eggs were deposited early in July hatch-
ing in a week or ten days. By July 27 nearly all egg masses
examined were empty. It is said that the larvae feed on the
terminal shoots of the branches for a short time before hiber-
nating, and that they pass the winter as a very small caterpillar
in a little shelter constructed near the bud. Extended search in
the vicinity of Orono, by several experienced observers, and at
Castine, Harborside, and Seal Harbor on Mt. Desert Isl., by
the writer failed to reveal a trace of the young larvae. As it
is certain that the young larvae do hibernate their disappearance
this season in these localities seemed almost inexplicable. The
only reasonable explanation which we have to offer is that the
little caterpillars immediately after emergence were eaten by
small spiders which were very abundant upon the spruces and
-which were seen to feed upon them on several occasions.

DETAILED DESCRIPTIONS OF EGGS, LARVA, PUPA AND ADULT.

Egg. (Fig. 4) Pale green, scale-like, broad, flat, beneath, moder-
.ately convex above, cval cylindrical, finely but irregularly granulated.
The shell is thin, and at first very soft. Length 00 to 1.4 mm.;
‘breadth 0.8 to 1 mm. The patches about 3 mm. in diameter, and com-
posed of as many as thirty eggs. The eggs overlapped each other irreg-
ularly, leaving about a third or fourth of the surface of each egg
-exposed.

“Larva, first stage. When first hatched the young caterpillar is
uniformly pale peagreen, with a yellowish tint. Head dark brown, but
-the cervical shield pale amber, with two dark dots on the hinder edge;
“hairs nearly half as long as the body is thick; length 2.5 mm. At this
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time the young worms are very active, letting themselves down by a
thread as readily as when fully grown.

“Larva before last molt, Body not quite so thick as full-fed worm;
more uniformly rust-red brown; the piliferous warts duller in color,
sometimes not much paler than the rest of the body towards the head,
though higher and more distinct towards the end of the body. Head
black and prothoracic shield black, the latter pale on front margin; no
well-marked, broad, lateral, yellowish-brown band. Length 12 to 13 mm.

“Larva (full-fed). Body unusually thick and stout, tapering grad-
ually from the middle to the end, and slightly flattened from above,
as usual; head not quite so wide as the body, of the usual form, dark,
almost black-brown, but lighter than before the last molt, mouthparts
dark, with paler membranous rings at the articulations; antennae with
the terminal joint black.

“Prothoracic shield pale brown, paler than the body, with a pair of
dark blotches on the hinder edge in the middle, and other scattered,
smaller, dark, irregular blotches, of which two are situated in the
middle of the front edge, the latter pale whitish. Body rich umber-
brown, diffused with olive-green, especially on the sutiires; with very
conspicuous and showy, large, whitish-yellow, piliferous warts, forming
flattened minute tubercles, with a dark center from which the hair
arises. On the top of the second and third thoracic segments is a
transverse row of four warts on each segment; on the upper side of the
abdominal segments are four warts arranged in a short trapezoid; they
are far apart transversely, but unusually near together antero-posterior
to the body; on the penultimate segment is a median, broad, light-yel-
lowish spot on the hinder edge of the segment; a large, round, convex
area, forming the supra-anal plate, from which arise about six fine,
long pale-brown hairs. Anal legs spreading, with two or three piliferous
callosites; the terminal segment and anal legs concolorous, with an ir-
regular, broad, pale-yellowish lateral band reaching to the prothoracic
segment, and slightly tinged with ferruginous. In this band, on the
side of each segment, is a pale-whitish, flattened wart, directly in front
of and adjoining the spiracle; along the narrow, lateral, fleshy ridge on
each segment is a long, narrow, pale-yellowish wart. Beneath dull,
livid greenish, with (on each- segment) a transverse row of four bright-
vellowish warts, concolorous with those above; the two inner ones are
minute, the outer ones much larger. Thoracic legs black-brown; the
four pairs of abdominal median legs are pale, almost whitish; all the
hairs are fine and light-brown in color, and one-half as long as the
body is broad. Length 19 mm.

““Pupa. Body very thick, the thorax especially unusually swollen; the
body, soon after changing, pale horn-colored, striped with brown; an-
tennae and legs dark horn-color or- dull tan-brown; wings pale, with
the veins dark; the thorax pale horn, spotted with dark tan-brown, with
three irregular, dark, dorsal stripes; meso-scutellum and metanotum
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dark; abdominal segments above, with two rows of stout spines; a lat-
eral row of dark spots, and a medium spot on the two basal segments;
similar spots on the succeeding segments lengthened and connecting the
lateral spots. Beneath are two irregular rows of diffuse spots; the
hinder edge of the segments darkened; the terminal segment uniform
dark, shining, tan-brown, ending in a long, stout point, on each side
of which are two tightly-curled spines, and two stouter but less curled
larger ones at the end, arising from a common base. Length 12 mm.

“Moth. A large species, with a stout body and large broad, oblong
fore wings; the costa not excavated towards the apex, but full and
regularly though slightly curved, the apex being rectangular, head and
body umber-brown. Palpi very stout; terminal joint short; fore wings
umber-brown, the brown sometimes replaced by rust-red; ground-color
bluish-slate; on the inner fourth of the costal edge are four unequal,
triangular, brown spots, the second and fourth connecting with an elon-
gated transverse brown patch in the middle of the wing. From a point
at or just within the middle of the costa a very oblique, distinct, hroad,
brown band crosses the wing in a zigzag course, ending at or near the
outer third of the internal edge of the wing. This broad band extends
out towards or connects with a preapical brown patch on the costa; it
also sends an angle inwards behind the median vein, and again another
angle outward opposite the inwardly-directed angle. There are often two
distinct, costal, whitish dots (sometimes wantig) just before the apex,
while the apex itself is brown. There is also a large brown patch in
the middle of the wings near the outer edge. There are numerous fine,
short, transverse, brown lines dividing the wing into squares or checks,
bordered with brown. The bands and short lines are more or less
confluent or separate, varying much in this respect. Some females dif-
fer in the umber-brown, being bright rust-red, and the clay-blue pale
ferruginous brown, while the broad, median, zigzag band is umber-
brown on the edges and bright rust-red in the middle, and the wing is
covered with an irregular net-work made by the short transverse and
longitudinal dark-brown lines inclosing rust-red or smoky-red patches.

“Legs, body, and hind wings glistening unber-brown; tarsi ringed
with pale brown. The ahdomen of the female is very stout, that of the
male ending in a long, distinct, hairy tuft.. Described from perfectly
fresh specimens, five males, eight females. Length of body, 9 to 10
mm.; of fore wing, 10 to 12 mm.; expanse of wings 19 to 22 mm.”

)
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NATURAL CONTROL.

BIRDS.

A correspondent in Ellsworth sent us specimens of the pupae
of the spruce bud moth stating that she had observed the purple
martin to feed upon them. This very useful bird, once com-
mon enough in Maine is now found locally distributed and
apparently decreasing in numbers.

SPIDERS.

The part that spiders are evidently taking in holding the
spruce budworm in check has already been briefly indicated.
Our first observations on this point were made in the labora-
tory. To study the habits of the young caterpillars of the
spruce bud moth we had taken a small balsam fir tree about a
foot high, transplanted it into a flower pot and placed upon it,
a dozen or more needles colle:ted in the open which had upon
them freshly laid eggs of the moth. In due time the eggs
hatched but in spite of frequent examination very few small
larvae were seen, and these soon disappeared. As the tree was
small and kept under close observation in the laboratory the ab-
sence of the young larvae puzzled us until we chanced to see a
little spider holding in its chelicerae a young larva and sucking
it dry. Continued observation showed that the two spiders
which were present on the little tree were quite capable of ex-
terminating the several hundred newly hatched little larvae
which emerged from the dozen or more egg masses with which
the tree had been stocked. Unfortunately these little spiders
were lost so that we cannot now say to what species they be-
longed, excepting, that they looked like members of the family
Theridiidae. A few days after these observations were made
specimens of small spiders were collected from spruce trees on
which egg masses of the spruce budmoth were abundant. These
were submitted to Mr. J. H. Emerton so well known for his
work upon the spiders of New England, who determined them
for us. In the lot were specimens of Theridion spirale, T, dif-
ferens, Linyphia phrygiana, Dictyna wvolupis, and an immature
Tetragnatha. On the campus spruces, though egg masses had
been easily located, the only young caterpillars seen were a few
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on July 29 and these were pounced upon by small spiders and
devoured, while we stood by, in a manner highly suggesting an
explanation of the scarcity of newly hatched caterpillars which
was certainly a peculiar sequel to the abundance of the season’s
moths.

PARASITIC INSECTS.

The parasitic insects which we have found belong to the two
orders Hymenoptera and Diptera. Of the former several dif-
ferent species have been reared by us, of the latter, the only
species we have reared is the following.

DIPTERA.

Exorista vulgaris Fallen.

Kongl, Svenska Vetensk, Ak. Handl. XXXI. 18r0. Osten Sacken.
Canad. Ent. XIX. p. 163 1887. (hirsuta)

Male. Eyes thickly pubescent, front about one and one fourth
times as wide as either eye, frontal vitta velvety dark brown with a
reddish tinge, about half as wide as the front; vibrissae inserted in
level with the oral margin; sides of front silvery as well as the sides
of the face, cheeks and the facial depression, cheeks hairy; antennae
descending below the level of the lower margin of the eye, the third
joint about four times as long as the second, arista thickened to the
middle; palpi and proboscis black; frontal bristles descending to below
the base of the third antennal joint; orbital bristles wanting. Thorax
black, shining, with four more or less distinct pollinose stripes: scutel-
lum black, its apical margin with a paler tinge; pleura pollinose; four
post sutural bristles; sterno pleurals three. Abdomen shining black, seg-
ments largely white pollinose, second, third and fourth segments bear-
ing discal as well as marginal bristles. ILegs black, middle tibiae each
with a single bristle on the front side near the middle; hind tibiae out-
wardly irregularly ciliate with longer and shorter bristles; pulvilli
white. Wings hyaline, grayish tinged, apical crossvein slightly incurved
at the base; posterior crossvein slightly though distinctly sigmoid curved;
halteres brown; calypteres white. Length 7 mm. Bred from pupae
brought by Mr. Wm. C. Woods from Houlton. Lot No. 1513.

In the course of a study of the parasites of the spruce bud-
worm in Canada by the Division of Entomology a new species
of Tachnid fly was reared in considerable numbers. A descrip-
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tion of this species named Winthemia fumiferanac is given in
the Canadian Entomologist. Vol. 44 pp. 2-3.

HYMENOPTERA.
Pimpla Ontario.

Cresson.  Trans. Amer. Ent. Society. Vol. TII p. 146.

“Pimpla Ontario, Male. Black, shining; face, clypeus, mandibles
except tips, palpi, spot on scape beneath, tegulae and apex of scutellum
and post-scutellum, white; wings hyaline, iridescent, stigma and veins

Fig. 1. Pimpla inquisitor: a. full grown summnier larva; b. hibernat-
ing larva; ¢. mouth parts of larva; d. adult female; ¢. abdomen of
adult male from sides,— all enlarged. (After Howard. Technical
Series No. 5, 1807.)

blackish, the former with a white spot at base, areolet small, 5-angular;
legs yellowish-red, four anterior coxae and trochanters beneath white,
posterior tibiae and tarsi blackish, with a broad annulus on the former
and basal half of first joint of the latter, white; metathorax shining,
delicately punctured, with a short pale pubescence, apex rounded;
abdomen long, narrow, sub-cylindrical, closely and delicately punctured;
antennae long, subrobust and of uniform thickness throughout. Length
5 lines.

Hab. Canada.”
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This species was bred from specimens sent to us from
Greenville Junction in 1911 as well as from material brought
by Mr. Wm. C. Woods from Houlton, July, 1912. Lot 1544.
It so closely resembles Pimpla inquisitor that Fig. 1 will give
a good idea of this beneficial insect.

Pimpla conquisitor Say.

Say. American Entomology Vol. II. 1869 p. 680. (erp/us.)

“C. Conquisitor. Black; tergum with the posterior margins of the
segments white; feet honey-yellow; posterior tibiae and tarsi with black
joints, '

“Inhabits Indiana.

“Body black, punctured; palpi white; thorax, punctures minute: a
" longitudinal white line before the wings: metathorax not distincily
punctured on the disk: wings very slightly tinged with dusky; nervures
blackish; stigma rather large, with its base and tip whitish; second
cubital cellule oblique: tergum densely punctured on every part; seg-
ments on their posterior narrow margins white: oviduct about half the
length of the abdomen: feet honey-yellow:; intermediate and posterior
tarsi white, the joints black at their tips; posterior tibiae black, white in
‘the middle. '

“Length one-fourth of an inch.

“Resembles inquisifor nob., but the posterior margins of the segments
of the tergum are white.”

This species was bred from the budworm by Professor Fer-
nald years ago.

Apanteles sp. (Braconidae) has been reared by us from the
spruce budworms which were collected near Orono. Lots 1486,
1509, 15I0.

Dr. C. Gordon Hewitt, Dominion Entomologist records rear-
ing a number of species from the budworm in Canada. These
have recently been described by H. L. Viereck, in Vol. 42, Pro-
ceedings of the United States National Museum. The species
are Apanteles fumiferanae, Meteorus trachamotus, Conoblasta
fumiferanae, Phygadciion (Dirophanes) plesius, Epivrus inno-
minatus and Mesochorus diversicolor, of which the first four
are from province Quebec, the last two from British Columbia.
Nasonia tortricis Brues is another Canadian species parasitic
on the spruce budworn.
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A number of egg masses collected in Orono, late in the sum-
mer showed evidence of having been affected by egg parasites,
but unfortunately none was reared.

REMEDIAL MEASURES.

In timber lands it would be quite impracticable to adopt
measures for the control and eradication of the spruce bud-
worm other than in aiding in the spread of the beneficial para-

Fig. 2. Pimpla conquisitor. a. larva; b, head of same; c¢. pupa; d.
adult female,—all enlarged. (After Howard. Technical Series, No. 5,
1807.)

sites. In limited areas, however, as in the case of the protec-
tion of ornamental trees of an estate or the young trees in a
plantation it would be quite easy to use an arsenical spray
which would keep the pest under control. This is rendered all
the easier by the fact that we are here dealing with a native
insect, which is subject to attack by native parasites and which,
if we may judge by its history in the past, will succumb to its
‘natural enemies within a very few years. If we can restrain its
activities for a season or two it appears probable that we may
not be troubled by it again for decades.
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SPRAYING.

As far as we know, little or no effort has been made to
check the injury caused by the spruce budworm by spraying,
although we see no reason why the insect may not be controlled
by the method employed in combating similar species upon other
trees. The time when the greatest amount of injury is being
done is in the late spring, about the first of June in the vicinity
of Orono. To prevent injury to the spruces therefore it will be
advisable to begin spraying operations soon after the young
shoots open and repeat within a week or ten days. Arsenate
of lead applied at the rate of five or six pounds per 100 gal-
lons of water is doubtless the simplest and most reliable remedy.

The question is often asked, what will it cost to spray and
what will be the expense involved in the purchase of a suitable
equipment? As there are no figures available in regard to
spraying for the spruce budworm we must turn to other
sources for information. Those given by Professor Herrick in
the Journal of Economic Entomology (Vol. 5 page 169) upon
spraying for the elm leaf-beetle are recent and as the methods
used in combating this insect are similar to those which must
be employed against the spruce budworm we will quote di-
rectly from Professor Herrick’s paper. The part that concerns
us reads as follows: '

“The first question that presented itself of course, was the matter of
apparatus. Our appropriation was not large and it, therefore, became
necessary to limit ourselves to reasonably inexpensive and tried outfits.
After much correspondence and several interviews with agents, we
decided to purchase a Hardie Power Sprayer with a triplex pump, 3 H.
P. engine, 200-gallon tank, 12-foot tower, two leads of hose, cach 100
feet long and two extension poles, one 20 feet long and the other 12 feet
in length, and a Friend Hilly-Orchard outfit with a 3 1-2 H. P. engine,
California model pump, 8 foot tower and other equipment like the for-
mer outfit. With these outfits, and both gave eminent satisfaction, we
were able at all times to maintain 175 to 200 pounds (and over) pres-
sure. One man remained on the tower and with his 20-foot extension
pole and Bordeaux Nozzle was able to reach the tops of the very high-
est trees. The man on the ground ran the engine, drove the team, and
sprayed the lower branches. The so-called foreman directed the work,
mixed the solutions, ﬁ,tﬁnded to breakdowns, climbed trees if necessary,
and kept things going in general.

“The first spraying was made from May 16 to May 25, and the second
from June 12 to June 22.

2
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“We used 3 lbs. of paste arsenate of lead the first time over the trees
and 3 1-2 lbs. to 50 gallons of water the second time.

“A careful and detailed record of the actual cost of spraying 435 trees
was kept. Most of these trees were large and all of them stood near
the street and near our water supply. It cost $133.37 to spray these trees
once or 30.7¢ per tree. On the average each machine sprayed 36 1-4
trees per day of eight hours, or 4 1-2 trees per hour or a tree about every
13 1-3 minutes. On an average we used approximately 18 1-6 gallons
of liquid to each tree.

“A detailed example of a day’s work on the largest trees will give
even a better idea of the cost of spraying such trees. On June 19th the
two machines began on the largest elms on the Campus, namely those
from the Library south along cach side of Central Avenue. The two
machines sprayed 59 of these very large trees. The cost of the men
and teams were $17.00, the arsenate of lead $6.61 1-2, the gasoline 35c,
total $23.96 1-2, which is an average of 40.6c per tree.

“In all, there are about 530 trees on the University Grounds that were
sprayed. About 100 of these were scattered over the steep hillsides west
of the buildings and along University and Stewart Avenues. Many of
these trees were a mile from our water supply and the majority were
scattered and not easy to reach. Tt cost, exclusive of permanent equip-
ment, $464.00 to spray these trees twice or an average of approximately
88c. each. The scattered trees just mentioned raised the average cost of
the whole, quite materially. If all of the trees had stood along streets
and reasonably near a water supply the average cost would have fallen
I think, below 70c. It took the two machines ten days to make the first
spraying and eleven days to make the second. The second spraying was
“done more thoroughly and there was much more leaf surface to cover.
On the other hand, experience had made the men more efficient.”

As will be seen the outfits mentioned in the above account
are quite similar to those usually used in the spraying of apple
orchards which may be purchased, complete with tanks, hose,
rods, etc., for from 300 to 400 dollars each. In localities where
orchard spraying is practiced it would therefore be a very sim-
ple matter to hire an equipment with experienced men to run it.
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TWO SPRUCE LEAF MINERS.

Recurvaria piceaella Kearfott.

Journal N. Y. Ent. Soc. XI . 155. 1903.

Packard Fifth Rept. Ent. Com. 850, 1890 {Gclechia oblz'qui.r-
trigella Pack., nec Chambers).

The life hlstory of this species has been described by Mr. W.
D. Kearfott in the Journal of the N. Y. Entomological Society.
As our own ohservations confirm those of Mr. Kearfott we will
quote his account adding only the new locality reference and
dates.

“The eggs are laid within a reasonable time after the moth’s emer-
gence, in due course the young larvae hatch and begin a very minute
mine, which is slowly enlarged until cold weather causes torpidity, and
until the earliest sunny and warm spring days, when they desert the
old mines and begin new ones (in previcus season’s leaves) usually far-
ther out or nearer the end of the twig.”

“Larva ........... The head is pale brown, prothoracic shield same

but lighter. Skin red on dorsal, lateral and ventral regions, a dark
green patch on each abdominal segment, on central dorsal area. On
ventral surface of thoracic segments, between each pair of legs is a
deep purplish red spot; on segments 5 and 6 there is one such spot on
cach segment on center line” Length 6 to 7 mm.
_ "Pupa—Body rather thick, of the usual pale mahogany brown color,
the antennae and tips of the wings on the under side reaching to the
middle of the fifth abdominal segment, End of the abdomen full and
tounded, with about ten unequal, irregularly situated slender bristles,
which are slightly curved at the end; besides these there are several
fine bristles along the side of the hody near the tip. Length 5 mm.”
( Packard Forest Insects. p. 850).

“Moth. Fig. 3. “Head cream-white; antennae with the basal (sec-
ond) joint white, beyond ringed with white and black. Palpi white,
first and second speckled with black, second (longest) joint ocherous at
the end; third (last) joint with two black rings of unequal size, the
outer the longer; the tip white. Fore wings moderately wide, oblong
ovate. Cround color ocherous whitish gray, costal region blackish, base
black. A broad oblique hand proceeds from the costal edge to the middle
of the submedian space, ending in two white spots; there are some whit-
ish scales on the outer edge of the band. Just before the middle of the
wing is a broad irregular black band, and beyond it in the submedian
space a black spot. A third broad black band crosses the wing, ending
on the hind margin and breaking up into three black spots on the hind
marein: the bard ircloses near them two twinned white dots. Near the
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outer fourth of the wing is a conspicuous white line, sharply bent out-
wards just behind the middle of the wing; beyond the apex of the
angle of the line are several white scales. At the base of the fringe
- is an oblique line of black scales. The fringe, like the adjoining part
of the wing, is of mixed gray ocherous, with back scales. Hind wings
rather broad, pointed, pearly slate gray. Legs, including tarsi, banded
with black., Expanse of wings, 13 mm. When rubbed the green color
of the fore wings becomes paler, and the three obligue black bands are
more distinct.” (Packard 180 p. &51.)

“Marking same as R. thujaella, except the light shades have an ochr-
eous tone rather than fuscous as in R. thujaella. The average size of
R. piceaella is about one mm. greater than thujaella.. Otherwise, the
two species are very difficult to separate in the imago state. Alar ex-
panse 6.5 to 11.5 mm.” (Kearfott 1603.)

Fig. 3. Recurvaria piceaclla enlarged. (From Packard 1890 p. 850.)

Professor Packard recorded this species on both red spruce
and fir from Peak’s Island, Casco Bay, Maine, the moth being
on the wing at and soon after the middle of July. Larvae were
collected by us from Norway spruce on the Campus of the
University of Maine, Orono, Maine, about the middle of May,
1912, associated with the larvae of Epinotia piceafoliana, from
which they differed by being a little smaller and with body red-
dish with brown head and shield. The moths emerged late in
June. Lot 1493.
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Epinotia piceafoliana Kearfott.

Journal N. Y. Entomological Society. XVI. 176, 1908.

About the middle of May 1912, some of the Norway spruces
upon the Campus of the University of Maine, at Orono, were
found to be affected by the larvae of a small moth. Many of
the leaves of the last season’s growth were found to be dry
and yellow in appearance and more or less appressed to. the
twig (Fig. 9). A closer examination showed that each of the
affected needles was hollowed out and tenanted by a little green-
ish larva which had gained entrance through a circular hole
near the base of the leaf. The mature larva is about 6 mm.
long, stouit and greenish or yellowish green in color. The head,
prothoracic shield and the legs of the thorax are black. When
grown they spin a dense white cocoon. This cocoon lies be-
tween the needles close to the twig. The moths emerged late
in June, though no observations were made upon this, it is pro-
bable that the eggs are laid soon after and that the young
larvae hibernate within the leaf mines, resuming activity in early
spring completing the life cycle, in the same manner as Recur-
varia piceaella. Mr. Kearfott whe first described this species
states that the larvae feeds upon the needles of black spruce
(Picca mariana) at Montclair, N. Y., the moths appearing early
in June. The moths have also been taken in Cincinnati, Ohio,
the middle of May. Those reared by us in Orono emerged in
June. '

Moth. “Expanse 9.5 to 10.5 mm.

“Head light gray, tinged with yellowish on top; palpi short, scarcely
extending beyond head, tuft small, flattened, the scales at outer end not
concealing the short, obtuse outer joint, color gray, shaded with black-
ish on outside, apical point dusky black; antennae gray: thorax light
cinerous gray, with a bronzy median shade; abdomen bronzy black, anal
tuft gray-ocherous; legs gray, heavily dusted in front and tarsi ringed
with bronzy black.

“Forewing.—Costa nearly straight, slightly curved at base and apex,
termen straight and only slightly oblique. Twelve veins, all free, -acces-
sory cell large, beginning midway between 10 and 11, outer end opposite
7; internal vein ending opposite 5. Color grayish white, crossed with
blackish lines and narrow fasciae. The basal area is defined by a heavier
dark dentate line, from inner fourth of costa, curving outwardly to
inner third of dorsum; beforc this are three or four parallel fine dark
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lines on a gray-white ground, each starting with a blackish costal dot.
From middle of costa to before tornus is a narrow dark fascia, inter-
rupted by a white oblique line on middle of cell, below which an obtuse
spur of the dark color on the outer edge of fascia. Between this fascia
and basal area is a broad fascia of ground color traversed by broken
dark lines, and on costa forming two white spots, each usually divided
by a blackish dot. Beyond the dark fascia, the apical third is whitish
gray, crossed by parallel dark line, stgrting as black costal dots and
separated by four white costal spots. [The apex is black and defined
below by a white dash through the black terminal line and extending to
outer edge of cilia. Ocellus not deﬁnedL Cilia dark leaden-gray.
“Hindwing.—Smoky back, cilia dark gray, with a darker basal line.
FEight veins, 3 and 4 stalked. Underside both wings dark smoky gray,
costal spots repeated on forewing, andrthe latter grayish white below
fold.” (Kearfott 1908.)

PARA&TEF

We have reared from this insect three different species of
hymenopterous parasites, Porizon sens lat (June 7 to 12), Lot
No. 1483; Clinocentrus sp, Lot 1%11; and Microdus sp., Lot
1512.
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Rhogas Canadensis Cresson.

A specimen of this species was taken at Orono, May 15,
1912, on a. Norway spruce twig upon which there were many
larvae of Epinotia piceafoliana, and it may therefore possibly
be a parasite upon it. - Mr. Cresson’s description of the species
reads as follows:

“Female. Black fuscous, opaque; face, mouth, palpi and orbits, dull
rufo-testaceous; antennae fuscous; middle lobe of mesothorax, scutel-
lum, most of pleura, spot on each extreme side of metathorax (some-
times wanting), legs, except tibiae and tarsi, and the abdomen beneath,
rufo-testaceous; tibiae and tarsi, semi-circular spot at tip of first abdom-
inal segment, and the second and third segments except sides, luteous;
apical segment pale fuscous; wings ample, hyaline, iridescent, nervures
fuscous; stigma whitish varied with fuscous; metathorax and abdomen
finely sculptured. Length 6 mm.” Cresson. Trans Amer. Ent. Soc.
11. 380. 1860. (Aleiodes).

The species was originally recorded from Canada.

This Maine spe.cimen differs from the above description in
having a dusky face, yellowish scape, and yellow basal joints
of the tarsi. Professor J. C. Bradley compared this specimen
with the type at Philadelphia verifying my determination. Lot
1463. '
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Spruce Budworm. Fig.4. Egg mass on spruce leaf. Orono, July 16,
1912. Fig. 5. Larva. Fig. 6 @, male pupa; 6, female pupa. Fig. 7. Moth,
showing three of many variations in markings ;—a and 4 were dark gray,
and ¢ bright brown.






Fig. 8. Work of Budworm on Balsam Fir. Orono, June 11, 1912.
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Fig. 9. Work of Leaf-miner on Norway Spruce. Notice area of
depressed leaves.







BULLETIN No. 211.
POTATO FLEA-BEETLEX.

O. A. JOHANNSEN,
THE FLEA BEETLE AND EARILY BLICHT,

The flea beetle (Epitriv cucumeris) is, next to the Colorado
potato beetle, the most destructive of the annually recurrent
insects on the foliage of the potato in Maine. The insect eats
minute holes in the leal giving it a dotted appearance like a
pepper box cover (Fig. 19). Sometimes the damage done by
this pest is very marked as was the case of a small unsprayed
field- in Orono the past year when the plants were entirely
killed before July 1o. But the danger to the plant is not re-
stricted to what the insect alone can do, for it is generally ac-
knowledged that early blight attacks injured leaves more readily
than healthy ones and the punctures made by the insect serve
as points of entrance for the germ tubes of the spores of the
fungus. The insects themselves are also in all probability
active agents in spreading the disease by carrying the spores
from plant to plant on their bodies. Early blight is widespread
and now very destructive in that it attacks and weakens the
plant at a critical period, thus checking the development of the
tubers. It is confined to the foliage and is not known to cause
rot. Early blight first appears as small brown spots, frequently
surrounding flea beetle punctures, scattered over the older
leaves. These spots slowly enlarge and frequently become some-
what angular in shape from the fact that they stop on reaching
a-leaf vein. There is usually a sharp boundary between the
healthy green of the leaf and the spot, although a badly spotted
leaf will have a decidedly yellow appearance over its entire
surface. Close inspection of the early blight spots will usually
show concentric lines. FEarly blight may occur alone or asso-
ciated with late blight.

*Papers from the Maine Agricultural Experiment Station: Ento-
mology No. 64.
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Though so common every year throughout the state, there
are still many farmers who are quite unfamiliar with this flea-
beetle. This is due to the fact that the insect is so small and
active and feeds largely on the underside of the leaves.

HISTORY AND DISTRIBUTION.

In 1807 Illiger published a paper entitled “Portugiesische
Kafer” in which he mentions the species Faltica pubescens as
occurring in Coimbra and Lisbon (Portugal) stating further
that he also had the species from North America (Pennsylva-
nia). In 1835 Dr. T. W. Harris records the name Haltica
cucumeris in his Catalogue of the Iusects of Massachusetts.
The same author published in 1841 his “Report on the Insects
of Massachusetts Injurious to Vegetation” in which he says
(p. 103):

“The most destructive species (i. e. of the Halticini) in this vicinity
is that which attacks the cucumber plant as soon as the latter appears
above the ground eating the seed-leaves, and thereby destroying the
plant immediately. Supposing this to be an undescribed insect, I for-
merly named it Haltica cucumeris, the cucumber flea-beetle; but Mr,
Say subsequently informed me that it was the pubescens of Illiger, so
named because it is very slightly pubescent or downy.” In a later edi-
tion Dr. Harris says “Count Dejean, who gave to it the specific name
of fuscula considered it as distinct from the pubescens, and it differs
from the descriptions of the latter in the color of its thighs and in
never having the tips and shoulders of the wing-covers yellowish; so
that it may still bear the name given to it in my catalogue. It is
only one sixteenth of an inch long, of a black color, with clay-yellow
antennae and legs, except the hindmost thighs, which are brown. The
upper side of the body is covered with punctures, which are arranged
in rows on the wing-cases: and there is a deep transverse furrow across
‘the hinder part of the thorax.”

Subsequent investigations have shown that the species des-
cribed by Dr. Harris is distinct from pubescens and may there-
fore rightfully bear the name cucumeris. The specimens from
Pennsylvania mentioned by Illiger were cuycumeris and there-
fore differed from those collected in Portugal. The synonymy
now stands as follows:

Epitriz cucumeris Harris. In Catalogue of Insects of Mass.,
1835 ; Rept. on the Insects of Mass., 1841; Journal of Agricul-
ture, I, 103, 185I.

E. fuscula Dejean, Cat’l. 3 ed. 415.
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F. nigritula Dejean, olim.

E. pubescens, in part, Tlliger's Mag. VI. 58, 1807.

E. seminulum Le Conte. Proc. Ac. Phil. 358. 1861.

Though the adult insect has long been known to entomologists
it is only within the last few years that we have learned that
the larvae live in the ground feeding on the roots and tubers of
the potato and perhaps on related plants. It is true that both
Fitch and Riley statel more than 40 years ago that the larva
is a leaf miner but it seems that their statements are based upon
inference rather than upon actual observations.

Fitch in his Eleventh Report (page 62) says in his discussion
of the potato flea-beetle “Having given a full account of
the larvae and transformations of this genus in connection
with the striped flea-beetle (Haltica striolata), it is unnec-
essary to repeat the same details here.” The larva of the
striped flea-beetle mines in the leaves of turnips, beets and
other plants of the garden according to Fitch’s account, and
from his statement in the preceding sentence we are led to
infer that the larva of Epitriax cucumeris also is a leaf miner.
There is however nothing in his account in which he states
that he actually found the larvac of the potato flea-beetle and
we must therefore assume that it was merely ‘a guess on his
part. '

Riley in his First Annual Report as State Entomologist of
Missouri (p. 101, 1860) writes:

13

.............. The larva feeds internally upon the substance of the
leaf, like that of the closely-allied Furopean Flea-beetle of the turnip
(Haltica nemorum) ; and, from its near relationship to that insect, we
may infer that it goes underground to assume the pupa state, that it
passes through all its stages in about a month, and that there are two
or three broods of them in the course of the same season.”

Though it is definitely stated here that the larva mines in
the leaves there is nothing so far as I have been able to dis-
cover in Riley’s writings showing that this is based on personal
observations. A number of entomologists since then have
made similar statements but all of their accounts bear evidence
of having been copied from the writings of the earlier authors.

Another error, apparently also inherited from the earlier
writers, frequently found in the published accounts of these
beetles, is the unqualified statement that there are 2 or 3 gen-
erations a year. In Maine there is but one generation or at

2
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most only a partial second. Mr. F. A. Sirrine’s observations
made in 1896 in New York are confirmed by our own. He says
“As the facts stand there is probably but one brood of the
potato tlea-beetle a vear.”

Distribution. 'The potato flea-beetle has a wide distribution
in this country, having been recorded from most of the states
from Maine to California. The species is mentioned in the pub-
lications of over half of the Agricultural Experiment Stations.

HABITS AND DESCRIPTION.

The hibernating adult beetles emerge from their hiding places
under leaves and rubbish during April and May, in this State
usually the latter month, and may be found upon plantain, and
other weeds, as well as upon the foliage of wild cherry, apple,
maple and other trees, where they apparently feed but little if
at all at this time for the leaves upon which they are found
resting do not bear evidence of feeding punctures. A little
later when the young tomato plants are set out, early in June
in the vicinity of Orono, the flea-beetles feed upon them, fre-
quently in such numbers as greatly to impair the growth of
the plant. From the middle to the last week in June mating
pairs are seen. The first eggs the past season at Orono were
found on June 26, and none found later than the middle of July.
The cggs which were obtained from adults, confined under
cheese cloth covered lantern globes set over earth filled flower
pots, are laid singly in the ground. The egg (fig. 10) is white"
in color, elongate ellipsoid in shape, its long diameter about
2 1-2 times the shorter, about .25 mm. long, the surface feebly
sculptured. Some potato plants growing in flower pots in
breeding cages were “charged” with flea-beetles on July 3. On
July 30 full grown larvae and a few pupae were found among
the roots of these plants, the larvae mining in the seed potato,
the body over half buried within the tuber, the posterior end
sticking out at right angles to the surface. The pupae as well
as some of the larvae were found free in the ecarth among the
roots.

The larvae (fig. 11) are white, slender, wormlike creatures
with distinct dark brown head and yellowish-brown thoracic
shield. The head is oval; the mandible subtriangular, the apex
with about 4 blunt teeth of which the laterals are smallest (fig.
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10, a) ; the antenna is short, less than half as long as the man-
dible, subcylindrical, about twice as long as wide; the palpus is
stout at base, apical joint conical, nearly as long as the antenna;
eyes apparently wanting; setae of head distinct, but few in
number. Thorax white, first segment with yellowish brown
chitinized dorsal shield, setose. The legs are short, stout, setae
few, tarsal claw simple, empodium distinct. Abdomen white,
9 segmented, each segment provided with about 24 setae, the
spiracle distinct; ninth segment with rounded apex, unarmed
except for the setae. Length about 5 mm.

Fig. 10. Fig. 12.

The pupa (fig. 12) is white, becoming darker when it is ready
to transform. A transverse line of several setae is found on
each abdominal segment, those on the lateral line longest. Apex
of abdomen bifurcate; the forks slender, incurved and sharp.
Length 2.2 mm.

During August 1912 larvae and pupae were to be found in
the ground among the young tubers but by the end of the first
week in September they had all disappeared. About the middle
of July the beetles of this generation begin to emerge in Maine,
becoming very abundant upon the potato vines and reaching a
maximum about the first of September. The first killing frost
in September marks the disappearance of the beetles to their
places of hibernation. Our own observations are confirmed
by those of Sirrine who says that the beetles emerge about
Julv 10 in New York, and by those of Jones who gives July
20 as the date in Vermont.
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From the dates given above it will be seen that six or seven
weeks must elapse from the time of mating to the maturity of
the adults of the next generation so that in this region at least,
where we may expect killing frosts about the middle of Septem-
ber, there is time for but one complete generation per year.

Fig. 11. Larva.

The fact that neither larvae nor pupae were to be found among
the roots or tubers after the first week in September, though
abundant enough in the same field in similar situations in
August, further substantiates this view.

Although in this state, as far as we have been able to ascer-
tain, it is only the adult, which, by its leaf feeding habits, has
proved injurious, in New York Messrs. F. A. Sirrine and F. C.
Stewart have shown that the larvae are also responsible for
seed potato in the ground.

Fig. 13. Epitrid cucumeris: adult flea-beetle much enlarged. (From
Bulletin U. S. Div. Entomology No. 10.

In New York, the little larvae have heen found boring into
the tubers, roots, and root stalks of the potato. The wound
made by the boring of the grub results in the formation of the
some injury to potatoes, namely in causing, what has been
termed “pimply” potatoes. So far as our own observations
went the past season, the larvae fed only on the fragments of
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“sliver”, but a “pimple” may or may not be produced. In 1894
this trouble was sufficiently common in Eastern Long Island
to attract the attention of the farmers. The following year
buyers were on the lookout for potatoes thus affected and of-
fered a reduced price for them.

The adult beetle (Fig. 13) is a $mall insect about one-twelfth
of an inch in length with black body and dull yellow legs, and
antennae. Its hind legs (Fig 17) are particularly stout and
adapted for jumping, hence the name ‘‘flea-beetle.” It is often
called the cucumber flea-beetie because it was originally des-
cribed as feeding on the cucumber ; but this name is rather a mis-
nomer, as the insect feeds by preference upon plants of the
family Solanaceae which includes the potato and the tomato.

The genus Epifriaz to which this insect belongs may be dis-
tinguished from its nearest allies by the following characters;
very small convex species, bearing on its upper surface short,
semierect hairs, sparsely placed over the thorax and arranged
in a single row on each interval of the wing covers. The head
has an oblique ridge each side extending from the end of the
frontal carina to the eye and limited above by an impressed
line, the two forming together a broad V. The_ front angles of
the thorax are obliquely truncate with a small tooth behind
the truncation. Several species are known from the United
States of which three 'may occur in Maine. The species under
consideration differs from its nearest relatives in having the
thorax finely but not densely punctate, (Fig. 14) the punctures
well sepafated, the ante basal impression well marked ; the striae
of the wing covers, especially those nearest the suture, very
feeble, the punctures round, not crowded, the upper surface of
the body shining piceous. The antennae and legs are reddish
_yellow, only the femora are darker, somewhat oblong. The
thorax is nearly twice as wide as long, slightly wider at the base
than the thorax, the umbone rather prominent. Length 1.5 to 2
millimeters (1-16 to 1-12 inch).

HOST PLANTS.

This insect feeds by preference on the members of the
Solanaceae or Nightshade family embracing the potato (Sola-
num tuberosum), the wonder berry -(S. nigrum wvar.), bitter-
sweet or blue bind weed (S. Dulcamara) Jerusalem cherry,
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(S. Pseudo-Capsicum), horse nettle (S. carolinense), black or
common night shade (S. nigrum) egg plant (S. melongena)
tomato (Lycopersicum esculentum), Cayenne pepper (Capsi-
cum annuum), ground cherry or husk tomato (Physalis pubes-
cens), Petunia (Petunia nyctagintflora), tobacco (Nicotiana
tabacum), and Jimson or Jamestown weed (Datura Stramo-
niuwm.) Of these the beetle seems to prefer above all others the
leaves of the wonder berry.

It has also been recorded as feeding upon leaves of the cu-
cumber, squash, watermelon, muskmelon, bean, corn, radish,
turnip, cabbage, sunflower, plantain, beet, spinach, celery, rasp-
berry, apple, sweet potato, rhubarb, and hop.

In order to test the susceptibility of various plants other
than those of the nightshade and gourd families to the attack of
this insect, a number of flea-beetles, were placed in glass jars,
with some leaves, each jar containing but a single species of
plant. The beetles were collected at random from a potato
field and all subjected to the same conditions. It was found
that the leaves of the bean, sunflower, lettuce and the basswood
were eaten with evident relish, and that the leaves of Oswega
tea, wood sorrel, bluets, hemp nettle, celery, beet and plantain
were slightly attacked. In our tests the insects refused to eat
the foliage of raspberry, corn, turnip, cabbage, ground ivy, red
clover, self heal, evening primrose, maple, dogwood, honey
suckle, woodbine, (Psedera), twin flower, carrot, arbutus,
vaccinium, viburnum, red elder, horse chestnut, dog bane, jewel
weed, St. John’s wort, wintergreen, violet, ilex, bedstraw,
pipsissewa, partridge vine, sarsaparilla, phlox, ash, sumac, ant
shin leaf.

It will be noted that we were unable to induce the insects to
eat the leaves of corn, turnip, cabbage and raspberry, upon
which they had previously been recorded, while celery. heet
and plantain were but very slightly attacked. Tt must be said
however that in our experiments we used leaves that were full
grown. Had new and tender leaves heen placed in the jars the
results might have been different. ‘

CONTROL.

"Parasites. In our own experiments with the flea-beetles we
have found no parasites associated with them. In looking over
the published accounts we find but two records in which para-
sites are mentioned.
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Professor Forbes in the 21st report of the State Entomologist
(p. 117) says “They are sometimes parasitized by a hymenop-
terous insect, probably one of the Braconidae.” 'The other
observation is by Dr. Chittenden in Bulletin 19, N. S. Division
of Entomology, U. S. Department of Agriculture. He writes
-—“The flea beetle (i. e. E. paravula) as well as E. cucumeris,
is parasitized while in the adult condition by what is evidently,
judging by the larvae, a species of the hymenopterous family
Braconidae. Numbers of beetles were collected in order to rear
the parasite. Larvae were first observed July 14, but none lived
more than a few days after issuing from the beetles. All of
the parasitic larvae, as far as could be learned, made their es-
cape from an aperture made at the anal orifice of their host.”

Tests of poisons. Tt has been frequently said that flea-bee-
tles cannot be poisoned. While this of course is not true, it is
well known that potato fields sprayed in the usual way for the
Colorado potato beetle are not exempt from the attacks of the
flea-beetle. Observation has shown that the flea-beetle feeds

upon the unsprayed portion of the leaf and appears to avoid
~ the poisoned part. If the upper surface of the leaf is wholly
covered with the spray the beetle will feed on the underside,
where indeed it usually feeds, by preference.* If some poison
mixture could be devised that would prove attractive to the
insect it would no doubt solve the problem of flea-heetle con-
trol. The successful use of sweetened poisoned bait for the
combating the Grape Fidia (Fidia witicida) by the ento-
mologists at the New York Experiment station at Geneva has
suggested a trial of this method for the potato flea-beetle. The

*The peculiar feeding habit of the potato flea-heetle has been sub-
ject to field observation by Dr. W. J. Morse for eight or ten years both
in Vermont and Maine and we can do no better than quote him in
this particular :—“The flea-beetles, though they may be present in
large numbers and doing much damage, are seldom seen by the potato
growers. One reason, of course, is that they are so small. A more
important one is that they are almost always found on the under sides
of the leaves and eat from the under sides, never clear through the
leaf, stopping just short of the upper surface. They eat so nearly
through that the tissues ahove dry away leaving a small hole entirely
through the leaf. Tt is certain that bordeaux mixture would be much
more effective as a repellant to flea-heetles if it could be applicd to the
‘under side of the leaves.”
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following experiments were made during the summer of 1912,
at Orono.

A small field was planted with potatoes and divided into five
plots; one of which was sprayed with Bordeaux to which was
added three pounds of arsenate of lead, per 50 gallons of spray
mixture: the second like the first but with the addition of 2 1-2
quarts of Karo corn syrup per 50 gallons of the spray, the third
without bordeaux but using three pounds of arsenate of lead
in 50 gallons of water; the fourth as in the third with the addi-
tion of 2 1-2 quarts of syrup; the fifth, unsprayed. The pota-
toes were spraye: at intervals of about two wecks during the
season, and put on at the rate of 250 gallons per acre. The
conditions under which these experiments were conducte’l ren-
dered it impossible for us to keep a guantitative record of flea-
beetle injury (counts of flea-beetle punctures) but in general it
may be said that there was decidedly more flea-beetle injury in
in the unsprayed plot than in the sprayed and least injury in the
first and second plots which were sprayed with a mixture con-
taining bordeaux. There was no noticeable difference hetween
the plots which were spraved with the mixture containing the
syrup and the corresponding one without it. Had a pure corn
syrup been used instead of Karo corn the result might have been
different. T'he difference between the sprayed and the un-
sprayed plots was much more noticeable during September than
earlier in the season.

Some laboratory experiments were also made. A number of
beetles were placed in a glass jar with some tender potato leaves
thoroughly drenched in an arsenate of lead spray mixture
(three pounds in 5o gallons.)

In a second jar Watson’s soluble arsenoid (an efficient poison
for potato beetles) was used; in the third as in the first but
with the addition of Karo corn syrup {2 1-2 quarts per 30
gallons). At the end of 24 hours all the beetles were still alive
in the first and second jars, but over 2-3 were dead in the third.
All the leaves showed feeding puncture at the conclusion of the
test. Though we are scarcely justified from so limited a series
of experiments in assuming that the syrup would be service-
able when used on a large scale, nevertheless, the results are
interesting and suggestive. .
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Remedies. The foregoing experiments with Bordeaux mix-
ture have only again demonstrated whaj has long been known
that this fungicide is an excellent flea-beetle repellant. As it is
not a poison but a repellant the key note to success in its use
lies in thoroughness and frequency of spraying. Professor R.
L. Jones formerly of the Vermont Experiment Station was the
first to test this remedy anl to demonstrate its efficiency.

Although flea-beetles are sometimes abundant in fields whicli
are fairly well sprayed it must be borne in mind that the spray
rarely covers the whole leaf and that the beetles attack the un-
sprayed part. There is, however, another factor which enters
and that is that the beetles are much inclined to feeed on the
underside of the leaf frequently stopping just short of the
upper surface. The tissue above dries away and this leaves &
small hole through the leaf. As the spray for the most part
strikes only the upper surface its effectiveness as a repellant is
thus largely nullified. It is certain that bordeaux mixture
would be much more effective 11 1t could be applied to the under
surface of the leaves. A spraying apparatus so devised that a
portion of the spray could be directed upwards against the un-
derside of the leaves would do much towards lessening the dam-
age wrought by flea-beetles and thus also diminish the injury
caused by early blight, Director Chas, D. Woods, of this station
in a letter published Oct. 19, 1912, upon the subject of “Early
Blight and Flea beetles” closes with these words, “One of the
projects of the Maine Agricultural Experiment Station for the
coming year is the construction of a more efficient potato spray-
er and one with the nozzles so arranged, if possible, that they
will meet the necessary requirements in the manner pf the ap-
plication of the spray to control early blight and flea-beetles.
This may mean, to secure sufficient pressure and volume of
spray, the construction of some sort of a gasoline power spray-
er for potatoes.”

From what has already been said it will be noted that the
most effective reme’ly yet known against flea-beetles is the use
of bordeaux mixture. It must be sprayved on so that the vines
are well coated, and repeated at frequent intervals, at the rate of
100 or more gallons per acre. If other insects are also present,
two pounds of lead arsenate to 50 gallons of the bordeaux. may
be a-lde.
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LIST OF INSECTS RECORDED ON POTATO.

Eprra M. Parcm.

This list was compiled from various sources as a part of the
General Insect Catalogue used at the Maine Agricultural Ex-
periment Station and the fact that it has proven useful in manu-
script is the only excuse offered for its publication. It is a
working list and doubtless incomplete. Additions or corrections
from anyone kind enough to make them would be appreciated.
The references are to accounts where the potato is recorded as
a food plant.

LEPIDOPTERA.

Agrotis campestris. Fletcher—Canada, Rept. Ent. for 1889, 70, 18g0.

Agrotis subgothica, Dingy Cutworm. Fletcher—Canada, Rep. Ent. for
1889, p. 70, 1800.

Agrotis ypsilon, Greasy Cutworm. Forbes—Ill. Exp. Sta. Bul. 95, p. 351,
1904 ; Ill. St. Ent. 23d Rep., p. 21. (Forbes—izth), 1905; Har-
vey—Me. Agr. Exp. Sta. Rep. for 1801, p. 104.

Autographa (Plusia) bassicae, Common Cabbage Looper. Chittenden—
Insects Injurious to Vegetables, p. 140, 1907; Bu. Ent. U. S. Dept.
Agr. Bul. 33.

Chloridea virescens. Forbes—Field Tables of Lepidoptera, p. 125, 1906.

Chorizagrotis agrestis, Western Army Worm. Chittenden—Bu. Ent.
U. S. Dept. Agr. Bul. 43, p. 32, 1903.

Drasteria erechtea, Clover. Drasteria. Forbes—14th Rep. St. Ent. IIL
Appendix, p. 8.

Euxoa (Agrotis) (Carnecades) messoria, Dark-sided Cutworm. Felt—
2oth Rept. St. Ent. N. Y., p. 407, 1905. Forbes—23d Rep. IlI. St.

" Ent, p. 32. (Forbes—1zth), 1903.

Euxoa tessellata, Common Striped Cutworm. Forbes—23d Rep. Ill. St.
Ent. p. 34 (Forbes—1i2th), 1005.

Feltia gladiaria, Clay-backed Cutworm. Forbes—23d Rep. Ill. St. Ent.
p. 28. (Forbes—izth), 1905.

Hcliothis obsoleta (armigera), Cotton Boll Worm. Bishop and Jones—
U. S. Dept. Agr. Farmers’ Bul. 290, 1907; Lowe and Sirrine—
N. Y. Agr. Exp. Sta. 14th Ann. Rep., p. 559, 1896. ’
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Laphygma (Caradring) cxigua, Beet Army Worm. Chittenden—Div.
Ent. U. 8. Dept. Agr. Bul. 33, p. 42, 1902.

Laphygma (Caradrina) flavimaculata. Forbes—Ill. Exp. Sta. Bul. 6o,
p. 498, 1900; Chittenden—Div. Ent. U. S. Dept. Agr. Bul. 33, p.
30, synonyms, 1902.

Laphygma frugiperda, Grass-worm, Fall Army Worm. Forbes—IIl St.
Ent. 23d Rep., p. 81, (Forbes—i2th), 1905.

Loxostege similalis (Eurycercon rantalis), Garden Webworm. Forbes—
11, St. Ent. 23d Rep., p. 89, (Forbes—i2th), 1905; Brunner—Neb.
Agr. Exp. Sta. Bul. 16, 1801.

Mamestra (Ceramica) picta, Zebra caterpillar. Felt—14th Rep. St.
Ent. N. Y., p. 204, 1808 ; Forbes—IIl. Exp. Sta. Bul. 60, p. 501, 1900.

Oligia nucicolora. Forbes—Field Tables of Lepidoptera, p. 115, 1900.
Potato Family.

Papaipema cataphracta, Burdock Borer. Gibson—36th Rep. Ent. Soc.
Ont. for 1903, p. 118, 1906. .

Papaipema (Hydroccia) (Gortyna) mnitela, (nebris), Stalk Borer.
Forbes—I1l. Exp. Sta. Bul. 93, p. 374, 1904. Smith—N. J. Col.
Exp. Sta., Rep. of Ent. for 1905, p. 584.

Feridroma wmargaritosa (Agrotis saucia), Variegated Cutworm. Chit-
tenden—Div. Ent. U. S. Dept. Agr. Bul. 29, 1901; Forbes—IIl. St.
Ent. 23d Rep., p. 23, (Forbes—izth), 1905.

Phlegethontius  quinquemaculata (Protopare celeus) (Macrosila 5-
maculata), Potato, Tomato, Northern Tobacco' Sphinx. Smith—
Economic Entomology, p. 255; Forbes—r14th Rep. St. Ent. TIl. Ap-
pendix, p. 8.

Phlegethontius  sextus  (Protoparce carolina) (Macrosila), Southern
Tobacco Sphinx. Forbes—14th Rep. St. Ent. Ill. Appendix, p. 87.

Phthorimaea operculells (Lita and Gelechia solanella), Potato-Tuber
Moth. Howard—Farmers’ Bul. 120, U. S. Dept. Agr.,, p. 19, 1900;
Clarke—Bul. 135, Cal. Agr. Exp. Sta, 29 pp., 7 figs, 1901;
Chittenden—Bu. Ent. U. S. Dept. Agr. Circ. 162, 1912.

Frodenia eridania, Semitropical Army Worm. Chittenden and Russell—
Bu. Ent. U. S. Dept. Agr. Bul. 66, Pt. V, 1909.

Prodenia ornithogalli (lineatella) (eudiopta), Cotton Cutworm. 23d
Rep. St. Ent. I, p. 79, (Forbes—i2th), 1g05.

‘COLEOPTERA.

Adimonia tanaceti. Schoyen—Div. Ent. U, S. Dept. Agr. Bul. 9, p. 8o,
189;.

Cetonia metallica.  Schoyen—Div. Ent. U. S. Dept. Agr. Bul. 9, p. 8o,
180;.

Chrysochus auratus. Lintner—N. Y. St. Ent. Rep. IV, p. 142, 1888.

Colaspis brunnea, Brown Colaspis. Felt—N. Y. St. Ent. Rep. 17, p.
734, 1901.

Coptocycla  bicolor (Cassida aurichalcea), Golden Tortoise Bectle.
Lintner—N. Y. St. Ent. Rep. VII, p. 376, 1891.
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Coptocycla (Cassida) clavata, Clubbed Tortoise Beetle. Lintner—N. Y.
St. Ent. Rep. VI, p. 126, 1800.

Coptocycla signifera (guttata). Lintner—N. Y. St. Ent. Rep. VII, p.
360, 1801.

Diabrotica 12-punctata. Webster—Ohio Agr. Exp. Sta. Bul. 45, p. 203,
1893.

Diabrotica vittata, Striped Cucumber Beetle. Felt—i8th Rep. N. Y.
St. Ent., p. 148, 1902 (1903).

Drasterius elegans. Felt—zoth Rep. N. Y. St. Ent., p. 422, 1004 (1905).

Lpicaerus imbricatus, Imbricated Snout-beetle. Chittenden—Div. Ent.
U. S. Dept. Agr. Bul. 43, p. 28, 1903.

Epicauta cinerea, Gray Blister Beetle. Chittenden—Div. Ent. U. S.
Dept. Agr. Bul. 43, p. 24, 1903.

Lipicauta lemniscata, Three-lined Blister Beetle. Chittenden—Div. Ent.
U. S. Dept. Agr. Bul. 43, p. 23, 1903.

Epicauta maculata, Spotted Blister Beetle. Chittenden—Div. Ent. U. S.
Dept. Agr. Bul. 43, p. 24, 1903

Epicauta marginata, Margined Blister Beetle. Chittenden—Div. Ent.
U. S. Dept. Agr. Bul. 43, p. 24, 1003.

Epicauta pennsylvania, Black Blister Beetle. Chittenden—Div. Ent. U.
S. Dept. Agr. Bul. 43, p. 25, 1903.

Epicauta wvittata, Striped Blister Beetle. 'Chittenden—Div. Ent. U. S.
Dept. Agr. Bul. 43, p. 22, 1903.

Epitrix (Crepidodera) cucumeris, Potato Flea-beetle. Johannsen—Me.
Agr. Exp. Sta. Bul. 211. Bibliography, 1913.

Epitrix fuscula, Eggplant Flea-beetle. Garman—2nd Ann. Rep. Ky.

' Agr. Exp. Sta. for 1889, p. 26, 1802; Chittenden—Div. Ent. U. S.
Dept. Agr. Bul. 19, p. 87, 1800. .

Epitrix parvula, Tobacco Flea-beetle. Garman—znd Ann. Rep. Ky. Agr.
Exp. Sta. for 1889, p. 30, 1892; Chittenden—Insects Injurious to
Vegetables, p. 219, 1907.

Henous confertus. Schwarz—Div. Ent. U. S. Dept. Agr. Bul. 22, p.
108, 1900.

Lachnosterna, White Grub, Britton—12th Rept. of the St. Ent. Conn.
Plate 15 (d), 1912 (1013). "

Lema trilineata, Three-lined Potato Beetle. O’Kane—Injurious Insects,
p. 146, 1012,

Leptinotarsa  (Doryphora) decemlineala, Colorado Potato Beetle.
Chittenden—Bu. Ent. U. S. Dept. Agr. Circ. 87, 1907.

Ligyrus gibbosus, Carrot Beetle. Chittenden—Div. Ent. U. S. Dept. Agr.
Bul. 43, p. 26, 1903.

Macrobasis albida, Two-spotted Blister Beetle. Chittenden—Div. Ent.
U. S. Dept. Agr. Bul. 43, p. 26, 1903. i

Macrobasis immaculata, Immaculate Blister Beetle. Chittenden—Div.
Ent. U. S. Dept. Agr. Bul. 43, p. 26, 1903.

Macrobasis segmentata, Segmented Black Blister Beetle. Chittenden—
Div. Ent. U. S. Dept. Agr. Bul. 43, p. 26, 1903.
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Macrobasis unicolor, Ash-Cray Blister Beetle. Chittenden—Div. Ent.
U. S. Dept. Agr. Bul. 43, p. 26, 1903.

Macrodactylis subspinosus, Rose chafer. Lintner—ist Ann. Rept. N. Y.
St. Ent., p. 229, 1882.

Meloe angusticollis. "Patch—Bul. 148, Me. Agr. Exp. Sta., p. 278, 1907.

Phyllotreta decipiens. Forbes—Univ. TIl. Agr. Exp. Sta. Bul. 60, p. 471,
190C. )

Psylliodes punctulata. Piper—Wash. Agr. Exp. Sta. Bul. 17, p. 55, 1895.

Svstena blanda, Pale-striped Flea-beetle. Chittenden—Div. Ent. U. S.
Dept. Agr. Bul. 43, p. 16, 1003.

Systeria fromtalis, Red-headed Flea-beetle. Chittenden—Div. Ent. U. S.
Dept. Agr. Bul. 43, p. 17, 1903.

Systena hudsonias, Smartweed Flea-beetle. Chittenden—Div. Ent. U.
S. Dept. Agr. Bul. 23, p. 23, 1900; and Bul. 43, p- 17. 1903; Patch
—Bul. 134, Me. Agr. Exp. Sta., p. 214, 1906.

“Trichobaris (Baridius) trinotata, Potato-stalk Weevil. Chittenden—Bul.
33, Div. Ent. U. S. Dept. Agr., p. 9, 1902.

DIPTERA.

Drosophila busckii. Johannsen—Bul. 177, Me. Agr. Exp. Sta, p. 37,
1910,

Pegomya (Phorbia) fusciceps, Seed-corn Maggot. Chittenden—Bu.
Ent. U. S. Dept. Agr. Bul. 33, p. 91, 1002. Johannsen—Bul. 187.
Me. Agr. Exp. Sta., p. 5, I9I1I.

Puyxia (Epidapus) scabici. Johannsen—Fungus Gnats of N. Am. Bul
200 Me. Agr. Exp. Sta, p. 58, 1912. Reference to the account
given by Dr. A. D. Hopkins. "

Sciara fucata. Lintner—N. Y. St. Ent. Rep. V, p. 265, 1880.

Sciara hyalipennis. Lintner—N. Y. St. Ent. Rep. V, p. 265, 1880.

Sciara longipes. Lintner—N. Y. St. Ent. Rep. V, p. 265, 1880.

Sciara pauciscta. Lintner—N. Y. St. Fnt. Rep. XII, p. 244, 361.

Sciara pulicaria. Lintner—N. Y. St. Ent. Rep. V, p. 265, 1880.

Sciara quinguelineata. Lintner—N. Y. St. Ent. Rep. V, p. 265, 1880.

Sciara vittata. Lintner—N., Y. St. Ent. Rep. V, p. 265, 1880. .

Trichocera regelationis. Johannsen—Bul. 177 Me. Agr. Exp. Sta., p. 34,
1910.

HETEROPTERA.

Corimelacna  pulicaria, Flea-like Negro-bug. Lugger—6th Ann. Rep.
Ent. St. Exp. Sta. Univ. Minn. Id. Bul. No. 69, p. 96, 1900.
Cosmopepla carnifex. Patch—Bul. 134 Me. Agr. Exp. Sta., p. 214, 1906..
Luchistus tristigma. Patch—Bul. 148 Me. Agr. Exp. Sta., p. 276, 1907.
Halticus uhleri, Carden Flea Hopper. Britton—4th Rep. St. Ent. Conn.

for 1904, p. 217, 1905.
Leptoglossus phyllopus, Banded Leaf-footed Plant-bug. Chittenden—-
Div. Ent. U. S. Dept. Agr. Bul. 19. p. 46, 1899.
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Lygus pratensis, Tarnished Plant Bug. Patch—Bul. 134 Me. Agr. Exp.
Sta., p. 214, 1906.

Nysius angustatus, False Chinch-bug. Forbes—Bul. 60, Univ. Ill. Agr.
Exp. Sta., p. 443, 1900.

Pentatoma juniperina. Patch—Bul. 134, Me. Agr. Exp. Sta., p. 214,
1906,

Pentatoma (Lioderma) uhleri, Western Green Stink-bug. Forbes—
Bul. 60, Univ. Ill. Agr. Exp. Sta., p. 445, 1900.

Poecilocapsus lineatus, Four-lined Leaf-bug. Slingerland—Cornell Exp
Sta. Bul. 58, p. 223.

HoMOPTERA.,

Aleyrodes waporariorum, White TFly. Britton—Conn. Agr. Exp. Sta.
Bul. 140, p. 6, 1902.

Ceresa bubalus, Buffalo Tree-hopper. Goding—Insect Life Vol. 5, p. 92.

Lmpoasca mali. Osborn—Bul. 108, Bu. Ent. U. S. Dept. Agr. p. 100,
1912,

Empoasca viridescens. Bul. 18, Bu. Ent. U. S. Dept. Agr.,, p. 101, 18098.

FEntilia sinuata. Goding—Insect Life, Vol. 5, p. 92.

lcerya purchasi, Cottony Cushion-Scale. Riley—Report of Ent, for 1886
in Rep. U. S. Comm. Agr., p. 474, 1887.

Ormenis (Pocciloptera) pruinosa. Mealy Flata, Frosted Lightning.
Hopper. Chittenden—Bu. Ent. U, S. Dept. Agr. Bul. 22, p. 98§,
1900,

Orthezia insignis. Lounsbury—Bul. 28, Hatch Exp. Sta., p. 26, 1895.

Faratriosa cockerelli, Tomato Psyllid. Johnson—News Notes Col. Agr.
Col. ‘

Aphidae. Omitted from this list.

ORTHOPTERA.

Dissosteira longipennis. Forbes—I1l. St. Ent. 23d Rep., p. 213. 1905.

Gryllus sp. Riley—Insect Life. Vol. 1, p. 87, 1838.

Melanoplus femur-rubrum, Red-legged ILocust. Patch—Bul. 148, Me.
Agr. Exp. Sta,, p. 277, 1907.

ielanoplus  (Caloptenus) spretus, Rocky Mountain Locust, Riley-
Packard-Thomas—1st Ann. Rep. U. S. Ent. Com. 1877 (1878), p.
251, .

Scapteriscus abbreviatus, Southern Short-winged Mole Cricket. Chit-
tenden—Div. Ent. U. S. Dept. Agr. Bul. 40, p. 117, 1903.

Stenopelmatus.. Clarke—Univ. Cal. Agr. Exp. Sta. Bul. 135, p. 29, 1001.

THYSANOPTERA.
Luthrips occidentalis. Hinds—Proc. U. S. Nat. Mus. Vol. 26, p. 152.

Euthrips tritici, Wheat Thrips. ‘Hinds—Proc. U. S. Nat. Mus. Vol. 26.
p. 148
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COLLEMBOLA.
Lipura fimctaria. Lintner—N. Y. St. Ent. Rep. II, p. 209. 188s.
ACARINA,

Rhizoglyphus (Tyroglyphus) phylloxerae. Lintner—ioth Rep. St. Ent.

N. Y, p. 451, 1804 (1895).
Gamasus obovatus. Lintner—ioth Rep. St. Ent. N. Y. p. 455 1804

(189s).

MYRIOPODA.

Julus caeruleocinctus. Lintner—N. Y. St. Ent. Rep. III, p. 132, X, p.
445.
Polydesmus complanatus. Lintner—N. Y. St. Ent. Rep. III, p. 132.

NEMATODE WORMS.
Monthly Bulletin of St. Comm. of Hort. Cal, Vol. 1, pp. 26, 61,

1912; Stone and Smith—Hatch Exp. Sta. Bul. 55, 1808; Watson—
Univ. _Fla. Agr. Exp. Sta. Bul. 112, p. 24, 1912.



Fig. 14.  Potato Flea-beetle, showing punctures. Enlarged. Figs. 15
and 16. Fore and middle legs. Fig. 17. Ilind leg. Fig 18. Portion
of head showing antenna. Fig. 19. Potato leaf riddled by flea-beetles.






BULLETIN No. 212.
ORCHARD SPRAYING EXPERIMENTS IN 1912,

W. J. Morse aND G. A. YEATON.

At this Station the first tests of lime-sulphur as a substitute
for bordeaux mixture in spraying apple orchards was made in
1908. This was an experiment planned and conducted by the
Department of Plant Pathology, the results being reported in
Bulletin 164. In this work self-boiled lime-sulphur was pre-
pared by using both hot and cold water and was compared with
bordeaux mixture to test its efficiency in the control of apple
scab. Five varieties of apples were used, including the Fameuse
and the McIntosh, both of which are quite susceptible to scab.

Although three applications of the sprays were made, the
first when the leaves were unfolding, the second just after the
petals fell, and the third about three weeks later, considerable
scab developed on all of the sprayed trees. While the results
from the self-boiled lime-sulphur showed that it had materially
reduced the amount of scab the bordeaux mixture showed much
more efficient control of the disease. However the test was a
severe one and g9 per cent of the apples on the unsprayed trees .
were scabbed.

The same experiment was repeated in 1909 in the same or-
chard but, on account of weather conditions, that season scab
failed to develop even on the unsprayed trees, consequently the
results were inconclusive and were not written up for publica-
tion. Neither in 1908 nor in 1909 was there any spray injury
to be observed on foliage or fruit, even where the bordeaux
mixture was used.

Highmoor Farm came under the management of the Maine
Agricultural Experiment Station on July 1, 1909, and the or-
chards, which now consist of over 2300 trees, furnished the
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Station for the first time in its history an opportunity to make
spraying experiments on a large scale in an orchard entirely
under its control. By this time the results of experiments made
in other parts of the country indicated that a concentrated mix-
ture of lime and sulphur in water, cooked by artificial heat and
then diluted before applying, was the most promising lime-sul-
phur spray for apple orchards. It was claimed to be more ef-
fective than the self-boiled article and entirely free from spray
injury, thus, in this respect, being much superior to bordeaux
mixture.

Therefore an experiment was planned for 1910 as one of the
plant pathology projects for that year in which it was proposed
to test the value of artificially boiled or cooked lime-sulphur as
an orchard spray, as compared with the self-boiled and with
bordeaux ‘mixture. Also it was planned to test the relative
efficiency of several commercial brands of concentrated, boiled
lime-sulphur as compared with the home-cooked article. With
the appointment of Mr. W. W. Bonns as Station Horticultural-
ist, stationed at Highmoor Farm, the project was-transferred to
his department. Mr. Bonns carried on two series of experi-
ments, one in 1910 and one in 1911, the results of which were
quite fully reported in Bulletins 189 and 198. In the first publi-
cation, in addition to giving an account of the results of the
experimental work of the season, he reviewed in considerable
detail the literature upon the use of lime-sulphur as a summer
spray, the use of sulphur and its compounds as fungicides, the
question of spray injury from bordeaux mixture, etc. On
account of the great demand for Bulletin 189 it was soon out of
print. ‘Therefore a summary of the experimental results ob-
tained in 1910 were included in Bulletin 198 with those obtained
in 191T1.

The apple orchards at Highmoor Farm consist almost entirely
of the Ben Davis and Baldwin varieties. The entire orchards
were sprayed once late in June 1909 with bordeaux mixture and
arsenate of lead, largely to control leaf-eating insects, just as
soon as it was found that the purchasing committee had decided
to buy this farm. So far as known this was the first time the
trees, which were then in a much neglected, half-starved condi-
tion, had ever been sprayed. In 1910 all but the experimental
plots received three applications of hordeaux mixture and arse-
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nate of lead. During both seasons much damage from spray
injury resulted to both foliage and fruit, particularly on the Ben
Davis. Since 1910 the main orchards have been sprayed yearly
with home-cooked lime-sulphur and with uniform success as far
as spray injury was concerned.

On account of weather conditions no real severe test of lime-
sulphur as a means of control of apple scab was experienced
until the present year, although the data secured in 1910 Were
sufficiently conclusive for practical purposes with regard to cer-
tain questions under consideration. The artificially cooked
lime-sulphur gave that year, as a rule, much better results as to
scab control than did the self-boiled article. The results in 1910
were also slightly in its favor in this respect when compared
with bordeaux mixture. The commercial brands of concen-
trated lime-sulphur were, during that season, somewhat more
effective than the home-cooked material, but this advantage was
not considered sufficient to offset the greater cost of the former
for large orchards.

With regard to injury to foliage and fruit all of the lime-
sulphur sprays proved to be much more satisfactory than bor-
deaux mixture, although one proprietary spray, the name of
which indicated that it was some sort of a sulphur compound,
produced much greater spray injury than did bordeaux mix-
ture. IHowever, in these orchards of over 2300 trees, mostly
Ben Davis and Baldwin, wherever bordeaux mixture has been
used during the past four years the resulting injury to foliage
and fruit has, as a rule, more than offset the benefits derived
from fungus control. It will be seen later that during 1912,
while the foliage escaped, much russeting was produced on the
fruit. On the other hand, properly made and properly applied
lime-sulphur has produced practically no foliage injury and very
little russeting of the fruit could be attributed to it. At the
+ same time when applied at the proper time, particularly in the
experiments to be described in this bulletin, it was quite effective
in the control of the apple scab fungus on both foliage and fruit.

While it has been shown conclusively in these experiments
and those conducted elsewhere that lime-sulphur is a much
safer spray to use on those varieties of apples like the Ben
Davis which are very susceptible to spray injury, there are cer-
tain varieties of apples which are not injured or are but slightly
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injured by bordeaux mixture. Moreover the work of Stewart
and his associates of the New York Station has shown that
lime-sulphur not only is far inferior to bordeaux mixture as an
agent to control the late blight and other potato leaf-diseases,
but it is apparently positively detrimental to the potato.*
Therefore it seemed justifiable to plan a series of experiments
extending over a number of years in which the relative efficiency
of bordeaux mixture and lime-sulphur as a spray for apple or-
chards could be tested under a variety of seasonal weather
conditions. While the reports are everywhere quite favorable
to lime-sulphur, as an orchard spray the data so far accumu-
lated are not sufficiently varied and complete to draw final con-
clusions. If bordeaux mixture is more effective or even equally
effective in scab control there is no reason for the orchardist
who experiences no injury from it upon the varieties which he
grows to discard it in favor of lime-sulphur.

Certaip writers, a summary of whose work Mr. Bonns gave
in Bulletin 198 have noted the fungicidal value of lead arsenate.t
Therefore the experiments for 1911 were so planned as to in-
clude a test of the fungicidal value of lead arsenate, further
comparisons of the fungicidal value of bordeaux mixture and
home-cooked lime-sulphur, and a test of different dilutions of
lime-sulphur to determine which is the most satisfactory
strength to use, both with regard to control of scab and freedom
from spray injury. The variety used for making these tests in
all cases being the Ben Davis.

On account of weather conditions being unfavorable to the
growth of the fungus practically no scab developed in the or-
chards in 19171 so that from that standpoint no data of value was
secured. In fact on account of the failure of scab to develop
the only clear-cut result of the experimental spraying of that
year was with regards russeting the fruit. Where bordeaux

* Stewart, F. C. and French, G. T., Lime-Sulphur vs. Bordeaux Mix-
ture as a Spray for Potatoes. Bul. N, Y. Agr. Exp. Sta. 347, 10II.
Munn, M. T., Lime Sulphur vs. Bordeaux Mixture as a Spray for Pota-
toes II. Bul. N. Y. Agr. Exp. Sta. 352, 1012.

t Taylor, E. P., Spraying Peaches for Brown Rot, Western Fruit
Grower, pp. 20-21, Oct. 1909, pp. 16-18, Feb. 1910.

Wait, M. B. Experiments on the Apple with Some New and Little
Known Fungicides, Cir. U. S. D. A. Bu. PL Ind. 58, 1910.

 Wallace, E., Blodgett, F. M. and Hessler, L. R. Studies of the Fungi-
cidal Value of Lime Sulphur. Bul. Cornell Agr. Exp. Sta. 290, 191T.
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mixture was used over 70 per cent of the apples were so affected
while on the other plots this was not over 2 per cent in any
case and the amount was fairly uniform, regardless of the kind
and strength of the spray. :

THE 1912 EXPERIMENTS.

In 1912 the apple spraying experiments were again trans-
ferred to the Department of Plant Pathology. When the first
two applications of the spray were applied in the experiments
which will be described the Station pathologist was on a leave
of absence, otherwise an unsprayed check-plot would have been
saved for comparison. That part of the work which was pri-
marily concerned with the fungicidal value of the different
sprays was an exact duplicate of that carried out the season
before, but as has already been pointed out the weather condi-
tions of the summer of 1912 were much more favorable to the
test.

In this experiment there were used 139 Ben Davis trees, about
twenty-five years old and which constituted a block at one
corner of the most thrifty orchard on the farm. This is the
same block of trees which was used in 1910 and 19IT experi-
ments. Previous to 19og this orchard, like the others on the
farm, had been much neglected, although it showed some evi-
dence of previous cultivation and had also been used for a sheep
pasture in recent years. For the past three years it has been
well fertilized and has been thoroughly cultivated each year.
It is now in a quite thrifty condition. The block was divided
into six different plots.

Plot A was sprayed with arsenate of lead 4 pounds in 50 gal-
lons of water.

Plot B was sprayed with home-cooked lime-sulphur, 27°
Beaumé density 2 gallons, in water sufficient to make 50 gallons.
This was called the “one-fifth stronger” plot as the spray car-
ried 20 per cent more of the concentrate than is commonly
recommended.

Plot C or the “standard dilution” plot was sprayed with 1 2-3
gallons of the same lime-sulphur concentrate, diluted with water
to make 50 gallons. This is the same dilution as is used on the
general orchards on the farm.
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Plot D was called the “one-fourth weaker” plot as only I 1-4
gallons or 25 per cent less of the concentrate than in Plot C was
used to each 5o gallons of the spray.

Plot E was sprayed with 2 pounds of arsenate of lead in 50
gallons of water.

Plot F was sprayed with a 3-3-50 bordeaux mixture.

Two pounds of arsenate of lead were added to the spray in
each case on plots B, C, D and F. All of the sprays were ap-
plied with a gasoline power sprayer outfit, using two leads of
hose at a time at about 150 pounds pressure. Care was taken
to thoroughly wash out both the tank and the pump after using
each different kind of spray, before putting in the next. The
relative position of the plots and the number of trees in each are
best shown in the following plan.

PLaN oF EXPERIMENT.

CO0CO0
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9 trees, arsenate of lead 4 lbs. to 50 gallons.

35 trees, lime-sulphur 2 gallons in 50, 2 lbs. arsenate of lead.
36 trees, lime- -sulphur 1% gallons in 50, 2 lbs. arsenate of lead.
35 trees, lime-sulphur 1% gallons in 50, 2 lbs. arsenate of lead.
12 trees, arsenate of lead 2 lbs. to 50 gallons

12 trees, 3-3-50 bordeaux mixture, 2 lbs. arsenate of lead.

BEDOwE

As originally planned three applications of the sprays were to
be made, the first just as the blossoms were showing pink, the
second after the petals fell and the third about three weeks
later. 'The early part of the season was very wet and for sev-
eral days before the first application should have been made it
rained almost constantly. Partly on this account and partly on
account of a misunderstanding on the part of those in charge of
the work at that time the first application of the sprays on the
experimental plots was delayed so long that the blossoms opened
before it could be applied. Fortunately, on the orchard adjoin-
ing the plot, where exactly similar conditions existed with re-
gards soil, age, variety and condition of the trees, this first
application was made just before the blossoms opened. Hence
this furnished opportunity to select a plot of trees sprayed three
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times with standard dilution lime-sulphur and where the appli-
cations were made at the proper dates as was intended in the
original experiment. As will be seen later the results from this
~ block of trees furnished an excellent demonstration, when com-
pared with the other experimental plots, of the value of a fungi-
cidal spray for apple scab when applied just before the blossoms
open. 'This plot will be referred to as Plot G.

Plots A to F inclusive were sprayed first on June 5 and again
on July 1. Plot G was sprayed on May 24, June 5 and July 1.

EFFECT OF THE SPRAYS ON THE FOLIAGE.

The experimental plots were under the constant observation
of the orchardist, Mr. Yeaton, and were frequently visited by
Dr. Lewis, the associate pathologist, and the writer during the
season.

On June 5 there was no evidence of scab in any of the
orchards. On plot G where the first application of lime-sul-
phur was made on May 24 there was no evidence of spray
injury although an occasional leaf showed scorching at the mar-
gin. ; ’

Plot A, 4 pounds of arsenate of lead with no fungicide,
showed a small amount of scab on the leaves of all of the trees,
some leaves being quite badly affected on the first of July. No
spray injury was noted at that time. By the middle of July
the scab had not developed much more but there was by this
time abundance of spray injury on the leaves. By August first
the foliage still plainly showed the effects of spray injury but
the evidences of scab on the leaves had largely disappeared. A
record was also kept on the appearance and development of
scab on the fruit on this and other plots but this w111 be dis-
cussed under another heading.

Plot B, sprayed with 2 gallons of lime-sulphur and 2 poun.s
of arsenate of lead diluted to 50 gallons, showed a quite general
infestation of scab on the leaves by July 1. However, while
some of the leaves on all of the trees in this plot were attacked,
the infestation was, on the whole, recorded as slight as com-
pared with plots C. D. and E. By the middle of July there was
not much evidence of farther development of scab, but some
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spray injury was plainly evident on the foliage. This was,
however, frequently plainly associated with scab spots and sug-
gested that it might be analogous to arsenical injury on potato
leaves which have been injured by flea beetles. A given amount
of Paris green or other arsenical may be used on potato plants
with perfect safety so long as the epidermis of the leaves-is
unbroken. On the other hand, if a considerable number of flea-
- beetle punctures are present in the leaves arsenical injury is
quite likely to result, the severity of the injury varying with the
number of punctures. ‘

By August 1 the evidence of scab infestation on this plot had
largely disappeared and no increase of the amount of spray
injury on the foliage was observed during the remainder of the
season.

Plot C sprayed with 1 2-3 gallons of lime-sulphur and 2
pounds of arsenate of lead diluted to 50 gallons. Detailed
records made of the amount of scab on the leaves of the indi-
vidual trees in this plot at various times during the season
showed relatively more scab was present than on plot B, where
the “one-fifth stronger” dilution of lime-sulphur was used. On
the other hand very little leaf-spot or spray injury was observed
on plot C.

Piot D, sprayed with 1 1-4 gallons of lime-sulphur and 2
pounds of arsenate of lead diluted to 5o gallons. Much more
scab was observed on this than on any of the other lime-sulphur
plots. Judging from the appearance of the leaves alone, and in
comparison with plot E the two applications of this weaker
dilution of lime-sulphur failed to exert any restraining influence
on the development of the scab fungus whatever, although it
will show later that it did reduce somewhat the amount of scab
on the fruit.

Plot E, sprayed with 2 pounds of arsenate of lead in 50 gal-
lons of water. With the exception of plot D this showed the
greatest development of scab on the foliage of any. In this
connection it should be noted that there was a decidedly less
amount of scab on the leaves of the trees in plot A where double
the amount of arsenate of lead was used without any lime-sul-
phur. In fact on the last mentioned, considering plot E as a
check. the control of scab on the foliage was fullv equal to that
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on the “standard dilution” plot and nearly equal to that on the
“one-fifth stronger” plot. :

Plot F, sprayed with a 3-3-50 bordeaux mixture. During the
present season if final conclusions were to be based on the effects
on the leaves alone bordeaux mixture showed much better
results than lime-sulphur. However the final record of the per-
centages of perfect and imperfect fruit, which are given later,
tell a somewhat different story. On plot F, where bordeaux
mixture and arsenate of lead was used there was almost perfect
control of scab on the foliage and no spray injury of the leaves
was observed. On the other hand very severe spray injury to
the leaves was experienced on the same variety in previous
years.

Plot G, sprayed with “standard dilution” lime-sulphur the
same as plot C, except that it received an application on May
'24, just before the flower buds opened. On this plot throughout
the season the control of scab on the leaves was all that could
be asked for, and little or no spray injury was apparent.

EFFECT OF THE SPRAYS ON THE FRUIT.

Notes and observations were made and records kept of the
development of scab and the appesrance of russeting on the
fruit during the season. These records do not give any addi-
tional information which is of material value and which is not
indicated by the condition of the fruit at the time of harvesting,
therefore they are omitted.

The fruit on the trees on the experimental plots under con-
sideration averaged about 3 barrels per tree, giving on the entire
area over 400 barrels. So far as could be observed the condi-
tion of the fruit on the different trees in each plot was fairly
uniform, therefore it seemed to be .an unnecessary expenditure
of time and labor to attempt to sort and count the entire quan-
tity. For the purpose of obtaining the necessary data the entire
crop on 6 trees in each plot was picked separately, placed in bar-
rels and taken to the packing shed for sorting. In all plots
except A, E, and F, where this was impossible, the 6 trees con-
stituted one of the rows nearest the center of the plot. The
amount of fruit actually used and counted to obtain the data
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recorded in the following table amounted to about 20 barrels
per plot or treatment. In some cases it ran over this and in
others, notably in plot G, it was somewhat less than 20 barrels.

It will be noted in the table that in plot E the percentages
total slightly more than 100 while in plot F they amount to con-
siderably more than this. This is accounted for by the fact that
in some cases, particularly in plot F the same apples were both
scabbed and russeted.

REsurrs oF THE FUNGICIDE EXPERIMENTS ON THE FRUIT.
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+ The per cents. do not total 10) a3 in sone instanzes a considerable number of the
same apples were both scabby and russeted.

1 Like plot T except that an application was made just before the flower buds opened.
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DiscussioNn or REesurrs.

As has already been mentioned the original plan of the ex-
-periment called for an application of the various sprays when
the flower buds began to show pink, or before they opened.
The failure to do this greatly lessened the value of the data
which it was planned to obtain. Fortunately, however, this
omitted spray was applied to the adjoining orchard from which
plot G was taken. As a resuit certain other data were obtained
which are doubtless of more practical value than that originally
desired.

Efficiency of the first spray application. Perhaps the most
striking thing about the results secured is with regards the value
of the spray applied before the blossoms opened as compared
with the two following applications. This is shown by the
figures obtained on plo# C and G. The treatment on these two
plots being exactly alike except that on C the first spraying was
omitted. In one case only about 50 per cent of perfect apples
were obtained and nearly all of the remainder of the fruit was
scabbed. In the other nearly go per cent of the fruit was sound
and perfect and less than 1.5 per cent was scabby. It is true
that on the last plot nearly 10 per cent were classed as russeted
but this figure is somewhat misleading as the russeting was, as
a rule, very slight. Very few of these so-called russeted apples
would have to be sold for less than a No. 2 grade.

The general conclusion was that, under the existing weather
conditions of the past season, where the first spraying was
" omitted the profits derived from the two following sprayings
paid little more than the cost of application. This statement
should not be taken as implying that these are not important or
advising that they should be omitted, but as pointing out the
great importance of the first spraying, applied at the proper
time. 'The more complete knowledge of the life history of the
scab fungus which has been gained in recent years coincides
with these experimental results.

The fungus passes the winter on fallen leaves under the trees.
In early spring on these leaves of the season before it matures
within a capsule an entirely different type of spore from that
which leads to the propagation and spread of the fungus during
the following summer. These sac spores are thrown out in the



68  MAINE AGRICULTURAL EXPERIMENT STATION. = 1QI3.

spring in large numbers, are carried to the leaves of the lower
branches of the trees, and there serve as centers of infection
as soon as they have germinated and have begun to produce a
diseased atea. This period of ejection of the sac spores lasts
but for a éomparatively short time and then the danger from
them is largely past. Consequently if a fungicidal spray is
applied to the trees when these spores are being matured and
thrown off, or at least before they have germinated and infected
the leaves and parts of the young blossom buds, a large propor-
tion of the potential possibilities of scab infestation for the com-
ing season will be eliminated at the start. If, on the other hand,
the first application is too long delayed and infection has oc-
curred no amount of later spraying will absolutely controt the |
disease although it may do much to prevent its spread to unin-
fected fruit and leaves,

That two applications of standard dilution lime-sulphur did
materially check the development of scab is plainly shown in
comparing plots C and E where the former gave 32 per cent
more peifect apples than the latter. On the other hand plot G,
sprayed three times, gave a like increase of over 70 per cent.:
‘This much greater efficiency in disease control is very evidently
due to the prevention of the early spring infection frem the sac
spores produced on the old leaves under the trees.

Dilution of lime-sulphur. The fact that only two applications
were made to the different plots of which the different dilutions
of lime-sulphur were tested detracts from the value of the data
obtained. While too sweeping conclusions should not be drawn
from them, the results taken for their face value are fairly sug-
gestive.. The “one-fifth stronger” dilution was decidedly more
efficient in scab control than was the “standard dilution” and
produced but little more russeting of the fruit. This did, as
has been previously noted, produce some slight leaf injury.
Judging from this season’s experience and that of the year be-
fore it would seem that a 27° Baumé lime-sulphur can be used
at the rate of two gallons to 48 of water with comparative
safety on varieties like the Ben Davis which are very susceptible
to spray injury. Judging from the results of the present season
alone this stronger dilution is much more efficient than the
standard dilution in scab control—possibly sufficiently so to
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warrant its use in commercial spraying. However this is a
matter which requires more confirmatory evidence.

The “one-fourth weaker” dilution on plot D proved to be
entirely inefficient in scab control and doubtless what gains there
were did not pay the cost of spraying. While it is very likely
that much better results would have been obtained if another
application of this spray had been made earlier it is not felt that
the results are sufficiently encouraging to warrant following it
farther another year. -

Lime-sulphur vs. bordeaux mixture. The percentage of per-
fect apples obtained from the plot sprayed with bordeaux mix-
ture exceeded that produced on those plots sprayed with lime-
sulphur the same number of times with the exception of plot B
where the strongest lime-sulphur spray was used. Here again,
however, the figures do not tell the whole story. Strange as it
may seem, practically all of the scabbed apples on the bordeaux
sprayed plot were also among the russeted. However, very
few of the apples on this plot were very badly affected with
scab. On the other hand the scabbed apples on the lime-sulphur
sprayed plots were, as a rule, somewhat more seriously affected.
While the slightly scabibed apples on the bordeaux plot would
doubtless keep in storage better than the slightly more severely
attacked fruit on the lime sulphur plots the latter fruit on ac-
count of ‘its freedom from spray injury or russeting would
bring a higher market price.

Arsenate of lead as a fungicide. Another very striking fact
in connection with results obtained was the apparent effective-
ness of heavy applications of arsenate of lead in the control of
apple scab as is shown by a comparison of the per cent of scabby
apples recorded from plots A and E. In one case where 4
pounds of arsenate of lead to 50 gallons of water was used with
no other material added as a fungicide only a little over 25 per
cent of the fruit was scabbed while in the other case where only
half as much arsenate of lead was applied over 8o per cent of
the apples were scabby. Moreover it will be seen on reference
to the table that where the 4 pounds of arsenate of lead was used
alone the percentage of perfect apples obtained was greater than
on all other plots which received the same number of applica-
tions except B, where the stronger dilution of lime-sulphur was
used.
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It was in connection with these comparisons that the lack of
an unsprayed check-plot was most apparent. Apparently when
plots A and C are compared, 4 pounds of arsenate of lead were
decidedly more effective in scab control than standard dilution
lime-sulphur plus 2 pounds of arsenate of lead. If 4 pounds of
arsenate of lead exerts so decided a fungicidal effect, is it not
possible that the amount of scab on plot E, sprayed with 2
pounds of arsenate of lead alone, is considerably less than would
have developed on an unsprayed plot? If such is the casé its
use -as a check plot does not measure the true fungicidal value
-of sprays used on the other plots. Similarly how much of the
fungicidal value of lime-sulphur combined with arsenate of lead
is due to the presence of the last named material? There is
one outside factor which may have exerted an influence on the
apparent effectiveness as a fungicide of the heavy application
of arsenate of lead. As is illustrated on p — the nine trees in
this plot were at the corner of the orchard and were thus much
better exposed to the sunlight than those on the other plots.
However it does not seem that this location with regards light
is sufficient to account for the recorded differences.

EXPERIMENTS WITH DIFFERENT ARSENICALS IN COMBINATION

wITH LIME-SULPHUR.

The ordinary arsenate of lead paste commonly used for or-
chard spraying is a very variable substance. Some lots as pur-
chased may be quite soft and carry a considerable percentage of
water. Other lots, sometimes from the same manufacturer, are
received in the form of a rather dry, sticky paste. This varia-
tion in composition may cause considerable variation in the
amount of arsenate of lead actually used in the spray no matter
how careful the user is to accurately weigh the quantity taken.
Also considerable difficulty is frequently experienced in disolv-
ing the arsenate of lead paste, particularly that which has par-
tially dried out, so that it will mix thoroughly and well with
the spray. Certain manufacturers are now selling a dry arsenate
of lead in powder form which dissolves readily and quickly in
water and which, if not adulterated, should always: carry the
same amount of poison pound for pound. Arsenite of zinc is
also being sold as a substitute for arsenate of lead.
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While the use of these substances as a substitute for the ordi-
nary form of arsenate of lead as an insecticide is primarily a
problem of economic entomology, their effects upon foliage and
fruit, injurious or otherwise, are matters which concern the
pathologist. Therefore an experiment was conducted, with the
object in view of determining whether or not these substitutes
produce injurious effects, in which the ordinary form of arse-
nate of lead paste was compared with the dried or powdered
arsenate of lead and the arsenite of zinc.

For this Ben Davis trees were used in blocks of 36 trees each.
‘The records were taken on the fruit from one row of 6 trees
near the center of the plot as was the case in the fungicide ex-
periments. So far as could be observed none of the insecticides,
all of which were used in connection with standard dilution
lime-sulphur, produced any appreciable injury to the foliage.
Three pounds of arsenate of lead paste, 1 1-2 pounds of the dry
arsenate of lead and one pound of arsenite of zinc were used
with each 50 gallons of the lime-sulphur spray. The following
gives in tabular form the condition of the fruit when harvested.

REsurTs oF THE INSECTICIDE EXPERIMENTS ON THE FRUIT.
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Arsenite of zinc............... ... ... ) 5790 5485 5 . 300 “ 93

In the above table the term “sound” is used to include all
apples which were not attacked by insects and were not russeted.
In this experiment no account was made of scabby fruit.
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DiscussioN or RESULTS.

The results set forth in the above table are so self-evident that
very little discussion is necessary. It will be seen that with
regards insect control the three different insecticides produced
almost exactly identical results. It may be said in this connec-
tion that not one of the apples classeld as “wormy” was at-
tacked by the codlin-moth but by the lesser apple worm. It will
also be seen on comparing the per cents of sound fruit that the
two substitutes produced even better results with regard to
russeting than did the arsenate of lead paste, although these dif-
ferences are probably within the limits of experimental error.
So far as can be judged from the data obtained by this one
experiment dry arsenate of lead and arsenate of zinc are fully
as effective and are as safe to use as arsenate of lead paste.
The results of the experiment, were on the whole so satisfac-
tory, both with regards insect control and ease in mixing with
the spray liquid, that dry arsenate of lead will be used on all
the orchards at Highmoor Farm in 1913,
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It is interesting to note that the aphides attacking willows
and poplars are restricted to comparatively few genera. Many
of the species are troublesome on shade and ornamental trees.
The complete life cycle of certain gall forming species of the
poplar is not yet known, but with Pemphigus betae (Gillette
1912) traced to the cottonwood for its winter host we have a
stimulus for ascertaining whether the poplar serves as alternate
host for other species of economic importance to vegetation
outside of the willow family itself. :

Pemphigus populimonilis Ritey. The galls of this species
are so familiar and characteristic with their bead like rows of
cells each containing a single occupant, that populimonilis has
been free from synonymic difficulties. Fig. 47. ’

Fig. 20. P. populimonilis. Antenna of spring migrant.

Fig. 21. Antenna of pupa drawn to same scale as Fig. 20.

~ * Papers from the Maine Agricultural Experiment Station: Entomol-
ogy No. 65.
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Alate viviparous female—Spring migrant. From late July
until mid-August this form can be found winged and solitary
in the gall which it is now ready to desert. Fig. 20 shows the
antenna of this form and Fig. 46 D. the wing. Fig. 21 is a
drawing of the antenna of the pupa, the joints IV and V of
which are typically rather short and bulging, and VI longer
narrower and with nearly parallel margins.

Apterous viviparous female,—Stem mother. This form has
not previously been recorded. I first took it.in 1905 and have
met with it since though the galls of the progeny so far out-
number those of the stem mother that many occur to one con-
taining the apterous parent. Sometimes the stem mother is
present in one of a chain of galls containing pupae, but often
she is found in a single gall separate from those occurring in
a chain but not differing from them in structure or appear-
ance,—at least there is not enough difference so that those
containing the stem mother can readily be separated without
examining the insect itself.

Fig. 22. P. populimonilis. Antenna of stem-mother.

The antenna of this form (Fig. 22) is ordinarily 6-jointed
though sometimes, as is often the case with stem mothers of
allied species, there is some irregularity in the development of
the antehna and it appears with 5 joints. The joints have the
same rotundity as in the pupa, a character accentuated by the
shortness of IV and V which are literally about as broad as,
they are long. ’

Collection data for this species are as follows: 46-05. Popu-
lus balsamifera. Aug. 15, 1905. Veazie, Me. Several stem
mothers taken singly in galls but these were dead either from
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parasitic insect or fungous attack. Winged form and pupz were
present in other galls, and a species of Cha'tophorus was
populating galls deserted by this Pemphigus.

86-06. Populus balsamifera. July 26, 190o6. Veazie, Me.
A single winged specimen in each small gall except where the
gall was already vacated or occupied by a syrphus maggot.

81-09. Populus balsamifera. July 22-27, 1909. Veazie,
Me. Galls very numerous. A single leaf was found bearing
65 galls. Four stem mothers, numerous pupz and winged
migrants still in galls,—each solitary.

99-12. Populus balsamifera. July 18, 1912, Veazie, Me.
Galls numerous each containing a single insect in pupal stage.

Pemphigus gravicornis n. sp. For the past three years the
pseudo-galls of this species have been common on Populus bal-
samifera. 'The affected leaves are folded lengthwise along the
midrib and their margins are applied together at their ventral
surfaces. The whole leaf except at the margin is swollen into
a large sac or pocket which is filled with aphides. Fig. 53.
This gall resembles that of populiconduplifolii but the two
aphides are readily separated on antennal characters. So far
as my observations go the galls of gravicornis occur on leaves
anywhere on the tree while those of populiconduplifolii are on
terminal leaves only.

Winged viviparous form.—Spring migrant, with antennal
joints III, IV, V heavily charged with large irregular sensoria
giving them a knurled appearance; and VI very slender and
ordinarily without sensoria except the usual one at base of
spur, though one or more others may be present, Fig. 23.

Fig. 23. P. gravicornis. Antenna of spring migrant.

The wings are delicate and the veins faint. Fig. 46 H. No
description has been made of the living specimens, but the
" peculiar antenna will serve to distinguish this species.

Collection data are as follows:

87-06 July 26, 1906. Veazie, Me.; 26-11 July 7, 1911, Orono,
Me.; 9812 July 18, 1912, Veazie, Me. Pupz and migrants
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were taken but mo stem mothers in these collections. The
deserted galls are frequently appropriated by colonies of
Chaitophorus. ‘

Pemphigus populiconduplifolius Cowen. The galls of this
species resembles that of gravicornis closely. Fig. 52. Some-
times galls of this species instead of being folded along the
midrib are all on one side of the midrib in which case they are
elevated above the level of the surface, and like those of gravi-
cornis the ventral surface of the leaves forms the inside of the
gall. Galls are pale green tinged with red and have a swollen
appearance. The terminal leaves are those ordinarily attacked.

Fig. 24. P. populiconduplifolius. Wax gland areas of stem-
mother. '

Apterous viviparous female,—Stem mother. The wax gland
areas of this form are shown in Fig. 24 and the antenna in
Fig. 26. This insect is globular, dark greenish blue and woolly.

Winged wviviparous form,—spring migrant. 'The antenna of
this form is shown in Fig. 25 and the wing in Fig. 46 c.

— ) °

Fig. 25. P. populiconduplifolius. Antenna of spring migrant.

Fig. 26. Antenna of stem-mother.
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Collection data are as follows:—23-06 (in part) June 14,
19o6. Stem mothers; 37-10 June 29, 1910, Veazie, Me. Pupz
numerous and some migrants just winging; 46-10, 47-10, July
5, 1910, Veazie. One stem mother and numerous pupz and
winged forms. 9I-12, a single stem mother in each gall with
several nymphs, Orono Campus. 110-12, July 15, 1912, Orono,
same tree as 91-12 and probably some of the same lot. Winged
forms numerous. Populus balsamifera.

Pemphigus populicaulis Fitch. This species is structurally
very close to bursarius. A few of the galls are shown in Figs.
49, 50, and 51. As will be noticed these are formed near the
midrib and may be at the base of the leaf or elsewhere along
the midrib, the opening being sometimes on the ventral (Fig.
49) and sometimes on the dorsal surface (Fig. 51). The galls
vary considerably in size and in shape though they are more or
less globular., This species is common on Populus balsamifera
in this vicinity.

Winged viviparous female,—spring migrant. 'The wing of
this form is shown in Fig. 46 I. and the antenna in Fig. 27. It
will be noticed that joint VI is as heavily annulated as the other
joints. I have specimens from Minnesota and Texas which
accord with the Maine material and the figures of California
specimens (Essig 1912) show the same characters as typical.

T TP O T s

Fig. 27. P. populicaulis, Antenna of spring migrant.

Collection data are as follows:—23-11, Orono, July 6, 191:
Winged forms in galls.

1o1-12, July 18, 1912, Veazie. Galls on stem at base of leaf
(Fig. 50) causing a twist in the stem. Opening on the ventral
side. Galls are more or less pinkish and some are decidedly
reddish.

102-12 Veazie, July 18, 1912, galls on ventral side of leaf
opening on dorsal surface, greenish or occasionally pinkish.
They measured from half an inch to three-quarters of an inch
along the mid-rib. Fig. 5I.
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103-12, Veazie, July 18, 1912. Pinkish galls along the mid-
rib on the dorsal side opening on the ventral surface. F ig. 49.

Pemphigus bursarius Linn? A species closely allied to, if
not identical with bursarius of Europe (Tullgren 1909) is com-
mon on poplar here. The life cycle is not ascertained but
breeding tests for an alternate host are planned. The antenna
and wing are represented by figures 28 and 46 B.

sy y= A

Fig. 28 P. bursarius. Antenna of spring migrant.

The gall is found on the petiole of the léaf in the form of
irregular swellings of varied size, anywhere from near the base
of the leaf to the extreme proximal end of the petiole. Gall
causes curve in the petiole or sometimes a confused twist where
two or three galls are crowded close together. Galls are also
sometimes found on the new growth twig itself. The opening
is a rather lip like slit usually transverse to the petiole. Fig.
48.

Collection data are as follows:—

60-06, and 65-10, July 7 and 10, 1906. Irregular globular
galls on petiole containing winged forms and pupe.

64-06, July 10, 1906. Irregular globular galls on new growth
twigs of Populus.

28-11, Orono Campus. Populus deltoides Marsh (var. Caro-
lina poplar) July 12, 1911. Galls contained stem mother, small
nymphs, pupe and winged migrants. ‘

Chaitophorus populicola Thomas. This well marked species
does not seem to be confused with other American species
either in our literature or collections. Common in Maine on
- Cottonwood, American Aspen (P. tremuloides) and Balsam
Poplar (P. balsamifera).

Alate viviparous form. General color a varnished black.
Antenna black with III paler. Sensoria as shown in figure 29.
Abdomen black, hirsute with cornicles yellow. Wing veins
black and heavily shadowed, shadow broader at tip of veins
especially with the two discoidals where it broadens to a dark
V. Fig. 46 K.
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Fig. 209. C. populicola. Antenna of alate female.
Fig. 30. Antenna of apterous female.

Apterous viviparous form. Head and antenna black with
ITT pale. Abdomen black dorsally and highly polished, ventral
side paler and brownish. Cornicles light almost white. The
progeny of these are reddish brown with a distinct yellowish x
the stem of which extends to front of head, the fork coming
on the abdomen and being much more distinct than the stem.
Another yellow spot at caudal part of abdomen, and cornicles
are very pale. Body mottled with black specks. Antenna
brownish with III pale. Fig. 30. Legs brown.

Collection data as follows:—

47-04, Orono, June 23, 1904. Dark apterous females and
nymphs on Aspen Poplar.

47-05, Veazie, Aug. 15, 1905. Balsam Poplar.

33-06, June 18, 1906. Both winged and apterous v1v1parous
females on Balsam Poplar.

59-06, July 3, 1906. Both apterous and winged viviparous
females and pupz on Aspen Poplar.

03-06, August 3, 1g06. Both apterous and winged viviparous
females on Aspen Poplar.

13-08, June 19, 1908, Veazie. Winged and apterous vivi-
parous females, pupe and nymphs on leaves and tender shoots
of Balsam Poplar. :

36-08, Veazie, July 10, 1908. Winged viviparous females
and nymphs on leaves and tender shoots of Balsam Poplar.

40-10, Veazie, June 29, 1910. Winged viviparous female and

her progeny on ventral side of Balsam Poplar leaf.

41-10, Veazie, June 29, 1910. Winged and apterous females
and nymphs on Aspen Poplar.

56-10, Orono, July 12, 1910. Winged and apterous females
anl nymphs on Balsam Poplar.
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70-10, Veazie, July 21, 1910. On leaves and petioles.
Apterous females very dark,—some entirely black except for a
yellow mark on cephalic portion of abdomen and whitish yel-
low cornicles,—others yellowish brown as wusual. Newly
dropped nymphs orange yellow. Winged forms also-present.

71-10, Veazie, July 21, 1910. On leaves and petioles -of
Aspen Poplar. Alate females and small dark apterous females.

5-11, Orono, July 14, 1911. On petioles and new growth
twigs of cottonwood. Alate viviparous female.

96-12, Veazie, July 18, 1912. Apterous and alate females,
on Balsam Poplar leaves and also in galls of Pemphigus gravi-
cornis.’

Chaitophorus delicata n. sp. A tiny species which I had
not seen before and which appears to be undescribed was col-
lected from the leaf of Aspen Poplar (P. tremuloides) by
Mr. William C. Woods last summer.

The apterous females, nymphs and pupz, were all a pellucid
water white with a vivid green mark on prothorax, a transverse
green stripe on first abdominal segment, and a green blotch in
the region of the white cornicles more or less connecting them.
Fig. 31 shows the relative length of the antennal joints.

Fig. 31. C. delicata. Antenna of apterous female,

No winged forms were obtained.

Collection data as follows:—

104-12, Veazie, July 18, 1912. Leaf of Aspen Poplar. A
small collection of apterous females, nymphs and pupee.

119-12, Orono, July 29, 1912. A small collection from ven-
tral leaf of Aspen Poplar. Apterous females, nymphs and one
pupa.

Chaitophorus viminalis Monell? Until the life cycle of
this species with careful detailed descriptions of the successive
generations has been worked out by some one I refrain from
definitely attributing Maine collections to either viminalis or
nigrae as at present I am too much confused to contribute any
aid to the situation. What I take to be viminalis has two suc-
cessive generations of apterous forms which are so different
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in appearance that they might easily be mistaken for two dis-
tinct species and it would not be strange if -this aphid has
already been described under several names.

My color notes on collection 30-06, Veazie, June 15, 1906,
Salix may be of interest in this connection. The apterous vivi-
parous female had dorsal surface blackish with single well
defined yellowish green streak extending from front of head
to style,—streak very narrow through head but broadening in
the central surface of body to an ovate space, narrowing again
toward tip of abdomen. Cornicles yellow, style yellowish
green, whole ventral surface greenish yellow. The apterous
aphides that the form just described give birth to are uniform
pale yellowish green with two vivid green longitudinal lines on
the abdomen.

The alate viviparous females of this species present at the
same date (June 15) have head and thorax black and abdomen
black with greenish yellow lateral margin, cornicles dark, ven-
tral abdomen greenish yellow. The wing (Fig. 46 E) is uni-
formily smoky dark with slender brown veins and brown
stigma. For antennz see Figs. 32 and 33..

Fig. 32. C. viminalis. Antenna of alate female.

Fig. 33. Antenna of apterous female.

There are other species of Chaitophorus on Salix in Maine
but my notes are not sufficient to record.

Aphis salicicola Thomas, I have taken only twice. It is
characterized by long cylindrical cornicles, a style proportion-
ately long, and the short branch of Media (Fig. 46 L). The
relative length of the antennal segments are shown in Fig. 34.
Antennal IIT has a single row of about seven rather faint
sensoria. Fig. 35 shows the cornicle drawn to the same scale
as the antenna.
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36-04. Apterous and alate viviparous females collected from
Salix, Orono, June 14, 1904.

88-12. Apterous viviparous females, Salix, Orono, July 16,
1912.

Fig. 34. A. salicicola. Antenna of alate female.
Fig. 35. Cornicle of same.

Aphis populifoliae Davis. Speckled Poplar Aphid. This
remarkable species found usually on the upper surface of poplar
leaves was described by Mr. Davis under the name of Aphis
populifoliae (Fitch) in June, Econ. Ent. Vol. 3, 1910, p. 489.

The alate viviparous female has the following characters.
Head black; no frontal tubercles; antenna with from about
20 to 30 sensoria on 1II, and few or none on IV relative length
of joints shown in Fig. 36; eyes black; beak black, extends to
between 2nd and 3rd coxa; prothorax black, lateral tubercles
prominent; shape and venation of wings as usual for Macro-
siphum, Fig. 46 G, veins and stigma black; legs with femora
black, tibie pale proximal 2-3 and black distal 1-3, tarsi black;
abdomen black or reddish black with snow white pulverulent
spots on dorsum arranged in transverse rows of one row per
segment, venter slightly powdered; cornicles long cylindrical
slightly swollen near base and black; style ensiform and up-
turned.

The apterous viviparous female is in general appearance
black spotted with white. Head black, antenna (Fig. 38) black
except proximal III which is very pale; sensoria present on
IIT; eyes black; prothorax black with 2 white dotrsal dots,
tubercles present; thorax brownish black; legs with femora
mostly dark proximally pale, tibiee mostly pale, distally dark,
tarsi black; abdomen brownish black with white pulverulent
spots and venter pulverulent; cornicles long, black, cylindrical,
slightly swollen near base. Fig. 39 shows cornicle drawn to
the same scale as Fig. 38.
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" Fig. 36. A. populifoliae. Antenna of alate female. Fig. 37. Joint
III of same from another individual. Fig. 38. Antenna of apterous
female. Fig. 30. iCornicle of same.

.

Habitat of this species on new growth twigs but especially
on dorsal surface of leaves causing a slight longitudinal curl
upward. Found on Populus balsamifera, P. tremuloides, and
certain other species of Populus.

Collection data: 58-06. One apterous viviparous female
with progeny on dorsal leaf. Two alate viviparous females
with progeny on dorsal leaves. Populus balsamifera and P.
tremuloides July 3, 1906.

20-08. Apterous viviparous females and progeny. Populus
sp. Orono, June 22, 1908.

36-08. A mass of this black and white species with a black
and white larva of a lady beetle made one of the prettiest
“coloration” schemes I have ever seen. Populus sp. terminal
leaves and tender shoots. Orono, July 9, 1908.

- 70-08. Winged viviparous female and pupz on balsam
poplar (tender growth of water sprout). Orono, Aug. 25,
1908.

58-10. Apterous viviparous females and progeny on dorsal
surface of leaves of Populus balsamifera causing a very slight
upward curl of leaf. Orono, river bank, July 12, 1910.

77-10. Apterous and alate viviparous females, nymphs and
pupe on P. balsamifera on dorsal surface of leaves causing
slight curl upward. Orono, river bank, July 23, 1910.

95-12. Apterous and alate viviparous females and nymphs
on dorsal surface of leaves of balsam poplar turning the edges
of edge and more or less crumple. Also present in galls of
Pemphigus gravicornis, Veazie Sand Bank, July 18, 1912.

106-12. Alate and apterous viviparous females and nymphs
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on dorsal surface of leaves of balsam poplar turning the edges
slightly upward. Veazie, July 18, 1912. ‘

Macrosiphum laevigatae Essig. In 1910 a colony of
Macrosiphum was collected on the campus here at Orono since
described from California as laevigatae. They were found on
the ventral side of the tender tip leaves of willows at the rear
of campus heating plant. Only apterous viviparous females
and nymphs were taken that season, collection 78-10, but July
16, 1912, winged forms were found on Salix at Orono, col-
lection 87-12.
- The apterous viviparous female has a light greenish yellow
head; antenne (Fig. 40) with I, II, and III except articulation
pale, and IV-VI black, III with 3 to 5 inconspicuous sensoria
near base; eyes black, thorax, abdomen almost white with
greenish yellow tinge and with a vivid green longitudinal line
extending from prothorax to the fifth or sixth segment of
abdomen where it sometimes stops abruptly; cornicles longer
than antennal 111, concolorous at base and dusky at tip which is
distinctly though irregularly reticulated for a distance equaling
about one-ninth the length of cornicle, the basal eight-ninths
being comparatively smooth (Fig. 42); style concolorous with
abdomen. There is a minute lateral abdominal tubercle just
cephalad the base of the cornicle.

The winged viviparous female has about 10 delicate sensoria
on basal half of antennal III. Fig. 41, drawn to the same scale
as Fig. 42.

Fig. 40. M. laevigatae. Antenna of apterous female. Fig. 4I.
Joint ITI of antenna of alate female. Fig. 42. Cornicle of apterous
female.
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Melanoxantherium bicolor Oestlund. A species which I
take to be bicolor is not uncommon here on Balsam Poplar.

Apterous viviparous female. Head reddish brown. Eyes
black. Antenna with proximal part dingy yellow and distal
part black. Spur much longer than basal VI. Prothorax and
thorax reddish brown, lateral tubercles prominent. Fig. 44 A.
Legs with femora dingy yellow and tibize and tarsi black. Abdo-
men dark mottled reddish brown with pale inconspicuous median
dorsal line, lateral tubercles prominent. Cornicles light dingy
yellow like femora and longer and more slender than in
smithiage. (51-10). Pupa colored like the apterous female.

Alate viviparous female. Head reddish brown. Antenna
(Fig. 43) with spur much longer than basal VI. Prothorax
reddish brown, lateral tubercles prominent, Fig. 44 A. Thorax
reddish brown. Wings with pale slender veins and light brown
stigma. Legs with brownish yellow femora and tibie tipped
with black, tarsi black. Abdomen reddish brown, cornicles
light, dull brownish yellow. Fig. 45 A. Only a slight indica-
tion of a median dorsal line toward tip of abdomen. The
young progeny of this form have a median grayish dorsal line
the whole length of the body. (34-06).

1

Fig. 44. Melanoxantherium. Prothoracic tubercles all drawn to
the same scale. A, bicolor, apterous viviparous; B, saliciti, alate
viviparous; C, smithiae, alate viviparous; D and E, salicis, apterous
viviparous.

Collection data:—4-04 (m part). Orono, May 26, 1904.
Winged specimens of both this species and smithiae were fairly
abundant resting on the upper side of cultivated currant leaves.
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They had probably merely alighted there as a resting place as
no nymphs were present. The currants were not adjacent to
willows, though willows were not far distant.

34-06, Veazie, June 19, 1906. Winged form on Populus bal-
samifera.

51-10, Veazie, July 7, 1910. Balsam Poplar. Apterous and
alate females and pupee.

Melanoxantherium salicti Harris. A species which I have
taken for salicti was collected in Maine on willow in 1906.
Head slaty black, not glistening, antenna black except at base.
IIT with about 2z sensoria irregularly placed (Fig. 43, B.).
Eyes black. Prothorax black, lateral tubercles present. Fig.
44, B. Thorax black with scutel lobe brownish, wings hyaline
with pale brown veins and stigma the color of veins, legs with
femora bright yellow, tibiae yellowish with dark distal tip,
tarsi black. Abdomen black with bright yellow cornicles which
are shaped much as in the foregoing species. (Fig. 45 B).

Predominating color slate-black with orange yellow legs and
cornicles. There is the faintest suggestion of a light mid-dor-
sal line. (25-06). Orono, June 16, 1906. Willow twig.

Nymphs (half grown progeny of foregoing). Predominat-
ing color dark reddish brown with conspicuous median dorsal
line of grayish white extending from front of head to cauda.
Ventral surface slightly powdery gray. Antenna light, clear,
with distal end dark. Legs with femora light clear, slightly
yellowish, tibiee dusky, and tarsi black. Cornicles yellow. 26-
06. Orono, June 16, 1906. Willow twig.

Melanoxantherium smithiae Monell. A dusky reddish
species with hyaline wings, and pale pulverulent longitudinal
median line on abdomen, cornicles orange, shorter and more
bulging than in the three species preceding, accords with named
specimens of smithive kindly given me by Mr. Monell. Figs.
43 C, 44 C and 45C, D. On Populus, migrating to Salix early
in June. :

Collection data for this species are as follows:

4-04 (in part). Mixed collection of bicolor and smithiae.
Winged forms resting on cultivated currant (probably alighted
there temporarily only). Twelve taken in one hour. No pro-
geny present. May 26, 1go4. Orono.

15-04. Winged females. Willow. May 26, 1904, Orono.
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66-04 and 67-04. Heavy infestation of winged and apterous
females on willow in front of Experiment Station Building
Sept. 9, 1904. This species proved such an annoyance to
people using the building that the willows were removed.

6-07. Specimens received from Caribou, Maine, June 17,
1907, with the complaint that “they cover a limb and suck the
bark until it is dead and peels off.” On Carolina Poplars and
Aspen trees.

64-10. Apterous viviparous females and nymphs on Salix,
near*Campus Greenhouse, new growth twig, Orono, July 18-25,
1910. '

95-10. Apterous viviparous females and nymphs numerous
along Salix stem. Orono, Aug. 18, 1910.

126-10. Winged and apterous viviparous females numerous
on same willows from which 64-10 were collected. Sept. 15,
1910.

26-13. Orono Populus. June 2, 1913. Pupe, and migrants
ready for flight.

35-13. Orono, June 5, 1913. Salix. Migrants occurring
singly with young.

Melanoxantherium antennatum n. sp. This remarkable
species I have not met since 1908, and only the apterous ovipar-
ous females were seen at that time. However, this form is so
distinctive it seems unnecessary to wait longer for the winged -
forms before presenting a brief description.

The apterous oviparous female has a blackish head with
black eyes; antenna blackish and with but' 4 joints, IIT with
single terminal circular sensorium; (Fig. 43 D) prothorax
greenish brown; tubercle lacking or inconspicucus; entire leg
black ; abdomen hirsute ; incrassate clavate cornicles black upon
a yellow spot; (Fig. 45 E) dorsal surface of bo’y with a gen-
eral dark greenish brown coat or blackish; ventral surface '
greenish yellow. Ventro-lateral margin of abdomen with the
appearance of a longitudinal roll. ‘

103-08. Apterous oviparous females and eggs received from
E. No. Yarmouth, Maine, Oct. 31, 1908, with the statement
“we find a great many of these insects on and in a pump which
. stands beneath an old willow.”

104-08. Apterous oviparous females received from Cherry-
Jﬁeld, Maine, Nov. 4, 1908.

2
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Melanoxantherium salicis Linn. This black bodied aphid
with conspicuous white spots, brilliant cornicles and heavily
veined wings is a striking contrast to the allied but more sub-
dued species of this genus.

Alate viviparous female. Head blackish; antenna (Fig. 43 E)
with I, II, IIT brown, others blackish, III with about 14 sen-
soria in irregular row, base and spur of VI subequal; eyes
black; prothorax blackish with prominent lateral tubercle;
thorax with lobes all uniform black; wings with very heavy
black veins, anal vein heaviest; legs with femora and %ibie
brown with points dark, tarsi black; abdomen greenish or
brownish black with white median line composed of dots and
with 4 white spots cephalad the cornicles in a row bordered by
smaller ones and a large white spot at base caudad of cornicle;
cornicles brilliant orange, long large bulging and with very little
flare at opening, about as in the apterous form.

The young progeny of the alate viviparous females are dull
greenish with bright orange cornicles and white markings
arranged as in the parent.

Apterous viviparous female. 'The antenna (Fig. 43 F) with
sensoria on III, but fewer than in the alate form. The corni-
cles are bright orange, long, large, bulging, constricted at tip
with a very slight flare. (Fig. 45 F). The lateral tubercles of
prothorax and abdomen are very large and conspicuous.  In
Maine collections the number and arrangement of those on the
prothorax seem subject to variation. There is always one large
prominent one but one or two others may be present. (Fig.
44 D and 44 E).

Collection data: 49-06. June 28, 1906. Alate viviparous
females and nymphs on Salix along branches more than 1-4
inch in diameter.

8-08, Orono, June 16, 1908, on trunks and branches of Salix
in gregarious colonies.

12-10. May 16, 1910. Gregarious along stem of Saliv,
Orono. Apterous viviparous females just mature not yet with
progeny. Body black, cornicles bright orange.

16-10. May 18, 1910. Nymphs. First instar with 4-jointed
antennaz and beak reaching beyond tip of abdomen. Second
instar with 4-jointed antenna and beak extending beyond 3rd
coxa. 'Third instar with g-jointed antenna. June 6, winged‘
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forms rapidly developing from colonies near base of main
willow trunk.

i
W

D E F

Fig. 45. Melanoxantherium cornicles all drawn to the same scale.
A, bicolor, alate viviparous; B, salicti, alate viviparous; C and D,
smithiae, alate and apterous viviparous; E, antennatum apterous
oviparous; F, salicis apterous viviparous.



Fig. 43. Antennz of Melanoxantherium, all drawn to the same scale. A, bicolor, alate viviparous;
B, salicti, alate viviparous; C, smithiae, alate viviparous; D, antennatum, apterous oviparous; E, salicis,
alate. viviparous; F. salicis. apterous viviparous.
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APHID CONTROL.

Shade or ornamental trees can be protected frequently from serious
aphid attacks by keeping watch from year to year. This is especially
desirable while trees are young. Later it is more difficult, but the dam-
agé is not usually as serious on large well established trees.

From small or isolated trees the galls of gall forming species can
sometimes be collected by hand before the aphides leave them. thus
lessening the trouble in that vicinity for another year. .

Species inhabiting the trunk of large branches can be destroyed in
great numbers by using a brush dipped in any of the spray solutions
ordinarily used for aphides.

Tips of branches bearing leaves which have been curled by aphides
can be dipped into a tobacco decoction long enough for the solution to
penetrate. Such a method as this is of course only applicable for a few
treasured plants or small trees.

In recent years tobacco extracts have rapidly taken the place of other
sprays for aphides, and well informed apple growers are using them
almost to the exclusion of other insecticides. It should be remembered
that this is a contact insecticide and kills only the insects actually
‘touched. It is, therefore, necessary to be very thorough in the spraying

Formula—Tobacco Decoction.
Tobacco stems or tobacco dust................ 2 pounds.
Water ...... L PP 4 gallons.

Put the tobacco in the water, enough to cover, which may be either
cold or hot. Place over the fire and when the water has reached the
boiling point, remove some of the fire and allow the water to simply
simmer for fully one hour, when the liquid is ready to be drained off,
diluted to the above proportmns and applied. Boiling violently drives
off the nicotine.

If whole-leaf tobacco is used, prepare as above, using one pound of
tobacco to each four gallons of water. '

No lime or other alkaline substance should be added to the tobacco
while cooking. Apply at once or within a few days after making, if
possible.

Certain reliable” extracts such as “Black Leaf,” “Black Leaf 40,” and
“Nikoteen” are on the market and can be secured through local drug-
gists. The Black Leaf preparations are manufactured by The Kentucky
Tobacco Product Company, Louisville, Ky., and are carried by the Col-
lins Hardware Company, 97 Friend St., Boston, Mass. Nikoteen is
manufactured by The Nicotine Manufacturing Company, St.‘Louis, Mo.,
and can be secured from Joseph Brick & Sons, 47-54 N. Market St.,
Boston, Mass. .
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Directions for use come with the products. There is nothing to do
in the preparation of these extracts except to stir the contents of the
can before pouring out any. quantity for dilution. In most cases one
gallon of the Black Leaf will be found sufficient for each seventy gallons
of water. But if in the treatment of any louse this does not seem suf-
ficient it may be used in proportion of one gallon to sixty or sixty-five
gallons of water. Careful sprayers have usually succeeded in killing
plant lice with this preparation in the proportion of one gallon to each
one hundred gallons of water. Thoroughness of application is of as
much importance as the strength of the material used.

Nikoteen is a more concentrated abstract, 1 part being used with
from 400 to 600 parts of water.

Black Leaf 40 is a concentrated solution of nicotine-sulphate and is
widely and successfully used in large western orchards, at the rate of 1
part to 700 or 800 parts of water.

It is the common practice to add soap,—whale oil soap or good laun-
dry soap at the rate of 2 bars to 50 gallons. This is to lessen  the
formation of drops; causing the spray to cover surfaces more in the
form of a thin film. )

Better success is obtained by some by using a little lime instead of
soap, the inert solid in suspension aiding the extract to “wet” and
“stick” to the bodies of the aphids. For this purpose 1 pound of
stone lime, slaked and strained into 50 gallons of tobacco extract as
prepared for application, is sufficient.

When other plant enemies besides aphids are present “Combination
sprays” are frequently successfully applied. Self-boiled lime-sulphur
(8-8-50 cold) may be used adding 1-70 of its volume of Black Leaf.
On the same basis Black Leaf may be combined with Bordeaux (5-5-50)
or with lead arsenate or with both together when foes combine against
one kind of plant.



FOOD PLANT CATALOGUE OF THE APHIDAE OF THE
WORLD.

Parr IL*

Epira M. PATCH.

SALICACEAE. WILLOW FAMILY.

POPULUS. Poplar. Aspen.

P. alka I,. (canescens). White Poplar, Silver-leaved Poplar.
Chaitophorus  populi (Linn.) Pass. (Myzaegirus Amyot),
(Arctaphis populi Walker). Buckton, 2, p. 142.
Cladobius populae Kalt. (Aphis) Macchiati, 1883, p. 260.
Guercioja populi Del Guercio. Mordwilko, 1908, p. 361 (9)
Lachnus longirostris Fab? Passerini, 1860, p. '38.
Lachnus longirostris Fab. Kaltenbach, 1874, p. 92.
Lachnus longirostris Pass. Kaltenbach, 1874, p. 562.
Pachypappa vesicalis Koch. Cholodkovsky, 1001, p. 293.
Schizoneura tremulae DeGeer. Kaltenbach, 1874, p. 561.
P. angustifolia James (laevigata).
Chaitophorus pdpulicola Thomas. Hunter, 1901, p. 88.
Pemphigus populi-monilis Riley. Cowen, 1895, p. 116.
P. balsamifera I, Balsam Poplar, Tacamahac (1911).
Aphis populifoliae Davis, 1910. Patch, 1913, Bul. 213, p. 82.
Chaitophorus populicola Thomas. Patch, 1913, Bul. 213, p. 78.
Melanoxantherium bicolor Oestlund. Patch, 1913, Bul. 213, p. 85.
Pemphigus balsamiferae Williams. Williams, 1910 (1911), p. &
Pemphigus gravicornis Patch. Patch, 1913, Bul. 213, p. 75
Pemphigus popularius Fitch. Jackson, 1908, p. 19I.
Pemphigus populicaulis Fitch. Jackson, 1908, p. 193.
Pemphigus populiconduplifolius Cowen. Gillette, 1909a, p. 355.
Patch, 1913, Bul. 213, p. 76.
Pemphigus populiglobuli Fitch. Jackson, 1008, p. 197.
Pemphigus populimonilis Riley. Essig, 1912, p. 707. Patch, 1013,
Bul. 213, p. 73.
Pemphigus populiramulorum Riley. Jackson, 1908, p. 200.
Pemphigus populitransversus Riley. Jackson, 1908, p. 207.
Pemphigus populivenae Fitch. Jackson, 1908, p. - 195.
Stagona vesicalis Rudow. Rudow, 1875, p. 240.
* Papers from the Maine Agricultural Experiment Statlon Ento-
mologv No. 66. For Part I see Bulletin zo2.
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P. berolinensis.
Pemphigus bursarius L. (lactucarius Pass) (pyriformis Licht.)
Tullgren, 1909, p. 122.
P. canadensis.
Pewmphigus filaginis Boyer. (gnaphalii Kalt) (prociphilus gnaphalii
Koch) (Pachypappa marsupialis Koch) (ovato-oblongus Kess-
ler). Tullgren, 1909, p. 136.
P. candicans Ait. Balm-of-Gilead.
Aphis candicans Fitch. Monell, 1879, p. 26.
Chaitophorus candicans Thomas. Hunter, 1901, p. 87.
Melanoxanthus salicis Linn. Cowen, 1895, p. I17.
P. deltoides Marsh. (monilifera) (angulata) Cotton-wood, Necklace
Poplar. i
Arctaphis sp. Cooley, 1912, p. 8. “New Aphis of Cottonwoods.”
Chaitophorus populicola Thomas. 1879, p. 104.
Chaitophorus populifolia Fitch (stevensis Sanborn). Sanborn,
1904, p. 36 and 1906, p. 225.
Chaitophorus populifolize (Fitch). Hunter, 1001, p. 88.
Melanoxantherium salicti Harris. Weed, 1801, p. 2g0.
Pemphigus betae Doane. Gillette, 1912, (24th Rept. Exp. Sta.)
p. 28. “On iCottonwood.”
Pemphigus bursarius Linn? Patch, 1913, Bul. 213, p. 78.
Pemphigus oestlundi Cockerell, 1906, p. 34.
Pemphigus populicaulis Fitch. Sanborn, 1904, p. 20.
Pemphigus populicaulis Fitch. Jackson, 1908, p. 1093.
Pemphigus populiconduplifolius Cowen. Jackson, 1908, p. 217.
Pemphigus populitransversus Riley. Sanborh, 1904, p. 22.
Pemphigus populitransversus Riley. Jackson, 1908, p. 207.
* Pemphigus pseudobyrsa 'Walsh. Jackson, 1008, p. 199.
Phylloxém popularia Pergande. Pergande, 1904b, p. 266.
(In galls of Pemphigus transversus Riley).
Phylloxera prolifera Oestlund. Oestlund, 1887, p. 17. (In galls
of Pemphigus populicaulis Fitch).
P. Fremonti S, Wats.
Chaitophorus populicola Thomas. Williams, 1891, p. 0.
Melanoxamhu\s salicti (Harris). Williams, 1891, p. 0.
Mordwilkoja  oestlundi  (ICockerell) (Pemphigus vagabundus
Walsh) Davis, 1911, p. 4. :
Pemphigus populicaulis Fitch. Williams, 1801, p. 0.
Pemphigus populimonilis Riley. Davidson, 1910, p. 374.
Pemphigus populiramulorum Riley. Jackson, 1908, p. 209.
Pemphigus populitransversus Riley. Williams, 1891, p. 9.
Pemphigus pseudobyrsa (Walsh). Williams, 1891, p. 0.
Phylloxera prolifera Oestlund. Williams, 1891, p. 9.
Thomasia populifolize (Fitch). Essig, 1912a, p. 716.
P. grandidentata Michx. Large-toothed Aspen.
Aphis populifolize Fitch. Thomas, 1879, p. 102.
Aphis (Dactynus) populus-grandidentata Raf. Rafinesque, 1818.
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Chaitophorus populi (Linn). Hunter, 1901, p. 88.
Chaitophorus populifoliac (Fitch) “= C. populi (Lmn)?” Oest-
lund, 1887, p. 39.

P. nigra 1. Black Poplar.

Anuraphis populi Del Guercio. Del Guercio, 1909 (1910). Redia
VII, p. 208.

Aphis populi 1. Kaltenbach, 1874, p. s61.

Chaitophorus leucomelas Koch. Passerini, 1863, p. 58.

Chaitophorus leucomelas Koch., Pass. Buckton, 2, p. 135.

Chaitophorus lyratus Ferrari. Del Guercio, 1900, p. II9.

Chaitophorus nassonowi Mordwilko. Mordwilko, 1899, p. 4I0.

Chaitophorus populi (Linn) Pass. (Myzaegirus Amyot) (Arcta-
phis populi Walker). Buckton, 2, p. 142.

Chaitophorus wversicolor Koch (Aphis populi var. Kalt) Ferrari,
1872, p. 76.

Lachnus viminalis Boyer. (Aphis). TFerrari, 1872, p. 8o.

Pemphigus affinis Kalt. (Thecabius populneus Koch). Passerini,
1863, p. 74.

Pemphigus bursarius (L.) Kalt. Kaltenbach, 1874, p. 56I.

Pemphigus  bursarius Hartig. (Eriosoma populi - Mosley)
(Aphioides bursaria Rondani). Buckton, 3, p. 118.-

Pemphigus filaginis Boyer (gnaphalii Kalt.) (Prociphilus gnap-
halii Koch) (Pachypappa marsupialis Koch). (ovato-oblon-
gus Kessler). Tullgren, 1909, p. 136.

Pemphigus spirothecae Koch (affinis Koch) (Puceron de
peuplier Reaumur). Buckton, 3, p. 122.

Pemphigus spyrothecae Pass. Passerini, 1860, p. 390.

Pemphigus tortuosus Rudow. Rudow, 1875, p. 248.

Pemphigus wvesicarius Pass. Passerini, 1863, p. 76.

Stomaphis bobretzkyi Mordwilko. Mordwilko, 1809, p. 4II.

Stomaphis longirostris (Fab.). Del Guercio, 1907 (1908) Redia
V, p. 344

Thecabius populneus Koch. Koch, p. 205.

Thecabius populneus Koch. XKaltenbach, 1874, p. 562.

P. pyramidalis Salisb. (italica Duroi) (dilatata), Lombardy Poplar.
Chaitophorus leucomelas Koch. Kessler, 1882, p. 37.
Chaitophorus massonowi Mordwilko. Mordwilko, 1899, p. 410.
Chaitophorus populeus (Kalt.) (Lachnus punctatus Burm?)

(Cladobius populeus Koch). Buckton, 2, p. 137.
Chaitophorus populi (Linn). Pass. (Myzaegirus Amyot)
(Arctaphis populi Walker). Buckton, 2z, p. 142.
Cladobius populea Kalt. (Aphis.) Ferrari, 1872, p. 76.
Drepanosiphum smaragdinum Koch. Koch, p. 205.
Drepanosiphum (Aphis) tiliae Koch. Kaltenbach, 1874, p. 561.
Pemphigus affinis Kalt. Kaltenbach, 1874, p. 56I.
Pemphigus bursarius Linn. Reaum (Aphis). Ferrari, 1872, p. 83.
Pemphigus  bursarius Hartig (Eriosoma populi Mosley)
(Aphioides bursaria Rondani). Buckton, 3, p. 118,
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Pewmphigus filaginis Boy. de Fonsc. (gnaphalii Kalt,) (Proci-
philus gnaphalii Koch.) (Pachypappa marsupialis Koch)
(ovato-oblongus Kessler). Tullgren, 1909, p. 136.

Pemphigus glandiformis Rudow. Rudow, 1875, p. 247.

Pemphigus populicaulis Fitch. Jackson, 1608, p. 193.

Pemphigus protospirae Licht. Tullgren, 1909, p. 155.

Pemphigus spirothecae Pass. (affinis Koch). Tullgren, 1909,
p. 161.

P. tremula [,

Aphis populi tremulae Ascanius. Hagen, p. 449.

Asiphum populi (Fab.) Koch. Koch, p. 246.

Asiphum tremulae DG. Tullgren, 1909, p. 66.

Chaitophorus  populi (Linn.) Pass. (Myzaegirus Amyot)
(Arctaphis populi Walker). Buckton, 2, p. 142.

Chaitophorus populi (Linn.) (Ch. tremulae Koch). Koch, p. 0.

Chaitophorus wersicolor Koch. Passerini Flora. »

Pachypappa lactea Tull. Tullgren, 1909, p. 72.

P. tremuloides 'Michx. (trepida). American aspen.

Aphis populifoliae Davis, 1910. Patch, 1913, Bul. 213, p. 82.

Aphis (Dactynus) populus-trepida Raf. Rafinesque, 1818

Chaitophorus bruneri Williams. Williams, 1910, (1911), p. 26.

Chaitophorus delicata Patch, Patch, 1913, Bul. 213, p. 8o.

Chaitophorus populicola Thomas. Gillette, 1909a, p. 388. Patch,
1913, Bul. 213, p. 78.

Cladobius beulahensis Cockerell. Cockerell, 1904, p. 263.

Pemphigus populicaulis Fitch. Hunter, 1001, p. 78.

Pemphigus? rileyi Stebbins. Stebbins, 1910, p. 0.

P. trichocarpa Torr. & Gray.

Chaitophorus populicola Thos. (?). Essig, 1909, p. 08.

Chaitophorus salicicola Essig. Essig, 1011b, p. 534.

Eichochaitophorus populifolii Essig. Essig, 19123, p. 7I5.

Pemphigus populicaulis Fitch. Essig, 1912a, p. 712

Pemphigus populimonilis Riley. Gillette, 1909a, p. 356.

Pemphigus populitransversus Riley. Davidson, 1910, p. 372.

P. sp.

Aphis populi-albae Boyer. Lichtenstein, La Flore.

Byrsocrypta vagabunda Walsh. Walsh, 1862, p. 306. (migrants
“on various forest trees”).

Chaitophorus albus Mordwilko. Mordwilko, 1899 (1g01), p. 4I0.

Chaitophorus populifolice Fitch. Davidson, 1910, p. 375.

Cladobius longirostris Mordwilko. Mordwilko, 18g9, (1901), p.
414,

Cladobius rufulus Davidson. Davidson, 1910, p. 375.

ILachnus longistigma Monell. Sanborn, 1904, p. 3I.

Pemphigus borealis Tullgren.  Tullgren, 1909, p. 146.

Pemphigus immunis Buckton. Buckton, 1896, p. sI.

Pemphigus infaustus Ferrari. Lichtenstein, 1885 (“var. de P.
spirothecae Pass.”).
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Pemphigus lichtensteini Tull. Tullgren 1909, p. 15I.

Pewmphigus napaeus Buckton. Buckton, 1896, p. 50.

Pemphigus oestlundi Cockerell, (P. vagabundus (Walsh) of
authors). Oestlund, 1887, p. 2z2. Cockerell, 1906, p. 34.

Pemphigus populi Courchet. Courchet, 1881, p. 46.

Pemphigus populicaulis Fitch (betae Doane?). Clarke, 1903, p.
248.

Pewmphigus spiriformis Licht. Zoodlogical Record, 1886, p. 319
(misprint for pyriformis).

Pemphigus tortuosus Rudow. Lichtenstein, La Flore.

' Pemphigus varsoviensis Mordwilko. Mordwilko, 1890, p. 41I.

Schizoneura passerinii Signoret. Lichtenstein, La Flore.

Schizoneura populi Gillette. Gillette, 1901, p. I.

Thecabius (Pemphigus) affinis Kalt. (ranunculi Kalt.). Tullgren,
1000, p. IIO. .

SALIX, Willow.

S. acuminata,
Lachnus viminalis (Boyer) Pass. (salicis Shaw?) (salicis Cur-
tis?) (saligna Walker). Buckton, 3, p. 57.
S. alba L. (vitellina) White Willow. :
Aphis populea Kalt. (Lachnus punctatus Burmeister). Kalten-
bach, 1843, p. 117.
Aphis populea Kalt. Kaltenbach, 1874, p. 56I.
Aphis salicis Linn. Kaltenbach, 1874, p. 586.
Chaitophorus saliceti Schrank (Aphis). Macchiati, 1883, p. 261.
Chaitophorus salicti Schrank (Aphis). Ferrari, 1872, p. 77.
Chaitophorus smitheae Monell. Monell, 1879, p. 32.
Chaitophorus viminalis Monell (?). Weed, 1888 p. 133.
Chastophorus vitellinae Schrank (Aphis). Ferrari, 1872, p. 76.
Cladobius populae Kalt (Aphis). Macchiati, 1883, p. 260.
Cladobius steinheili Mordwilko.  Mordwilko, 1899, p. 350.
(? on Salix alba).
Lachnus longirostris Fab? (Aphis). Ferrari, 1872, p. 81
Lachnus longirostris Fab., Kaltenbach, 1874, p. 92
Lachnus longirostris Pass. Kaltenbach, 1874, p. 562.
Lachnus viminalis Boyer. Kalterbach, 1874, p. 585. Del Guercio,
1907 (1908). Redia V, p. 345.
. Melanoxanthus salicis (Linn.). Williams, 181, p. 27.
Melanoxanthus smithiae Monell. Williams, 181. p. 27.
Myzus ribis Linn. et auct (Aphis). Ferrari, 1872, p. 62.
Siphocoryne capreae (Fab.) Pass. (pastinacae L.) (A. aegopodii
Scop) (R. capreae Koch) (R. cicutae Koch) (A umbellatarum
Koch). Passerini, 1863. p. 52.
Stomaphis longirostris (Fab.) (Aphis Fab.) (Phylloxera Boyer)
(Lachnus Passerini) Del Cuercio, 1907 (1908) Redia V, pp.
250. 344.
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§. amygdaloides Anders. Peach-leaved Willow.
Aphis salicicola (Thomas). Cowen, 1805, p. 121
8. babylonica I,. (annularis) Weeping Willow.
Aphis capreae Fab. (A. aegopodii Scop.). Kaltenbach, 1843, p.
109. ‘
Aphis saliceti Kalt. Passerini, 1863, p. 37.
Aphis witellinae Schrank. Kaltenbach, 1874, p. 58s.
Chaitophorus viminalis Monell (?). Weed, 1888, p. 133.
Rhopalosiphum salicis Monell. Monell, 1879, p. 27.
8. laevigata Bebb.
Chaitophorus salicicola Essig. Essig, 1911b, p. 534.
Fullawaya saliciradicis Essig. FEssig, 1912a, p. 7I6.
Macrosiphum laevigatae Essig. Essig, 1911b, p. 540.
Micrella monelli Essig. FEssig, 1912a, p. 715.
Symdobius salicicorticis Essig. Essig, 1912a, p. 715.
S, lapponum [,
Chaetophorus salicivorus Passerini. Schouteden, 1906a, p. 213.
8. lasiolepis Benth.
Micrella monelli Essig. Essig, 1912a, p. 7I5.
8. longifolia M. (interior) Sand Bar Willow.
Chaitophorus nigrae QOestlund. Cowen, 1895, p. 117.
Melanoxanthus salicis (Linn.). Williams, 1891, p. 27.
8. lucida Muhl. Shining Willow.
Chaitophorus viminalis Monell (?). Weed, 1888 p. 133.
Melanoxanthus salicis (Linn.). Williams, 1891, p. 27.
Siphocoryne (Rhopalosiphum) salicis (Monell). Oestlund, 1887,
p. 70.
8. macrostachya Nuit.
Symdobius macrostachyae Essig. Essig, 1912a, p. 715.
Thomasia crucis Fssig. Essig, 19123, p. 716,
8. nigra Marsh. Black Willow. .
Chaitophorus mnigrae Oestlund, QOestlund, 1887, p. 40.
Rhopalosiphum salicis Monell. Monell, 1879, p. 27.
"~ 8. nigricans Sm. _
Chaitophorus capreae Koch. Buckton, 2, p. 136.
Chaitophorus salicti (Schrank) Pass. Passerini, 1863, p. 6o.
Cladobius populea (Kalt.) Koch. Passerini, 1863, p. 56.
S. purpurea I, Purple Willow.
Chaitophorus salicivora Walker? Passerini, 1860, p. 37.
Chaitophorus salicivora Pass. (salicivora Walker?) Passerini,
1863, p. 58.
Lachnus viminalis Boyer. Kaltenbach, 1874, p. 58s.
S. repens L.
Chaitophorus hypogeus Del Guercio. Schouteden, 1906, p. 213.
S, caprea L.
Aphis alterna Walker. Walker, 1849¢, p. 43.
Aphis capreae Fab. (A. aegopodii Scop.) Kaltenbach, 1843, p.
. 100.
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Aphis populea Kalt. (Lachnus punctatus Burmeister). Kalten-
bach, 1843, p. 117.

Aphis saliceti Kalt. Buckton, 2, p. 53.

Aphis salicis Linn. Kaltenbach, 1874, p. 586.

Aphis secunda Walker. Walker, 1849¢, p. 44.

Chaitophorus capreae Koch. Buckton, 2, p. 137.

Chaitophorus salicivorus (Walker) Pass. Buckton, 2, p. 135.

Lachnus viminalis Boyer. Kaltenbach, 1874, p. 585. Del Guercio
1907 (1908) Redia V, p. 345.

cinerea I,.

Aphis saliceti Kalt. Del Guercio, 1909 (1910) Redia VII, p. 297.
Chaetophorus salicivorus Passerini. Schouteden, '1906a, p. 213.
Chaetophorus salicti Schrank. Schouteden, 19062, p. 213.
Lachnus viminalis (Boyer) (Aphis saligna Sulzer, Walker, p.
959). (A. salicina Zett.). (A. salicis Curtis) (Lachnus dentatus
Le Baron) Del Guercio, 1907 (1908) Redia V, p. 345.
Melanoxantherium sp. Schouteden, 1906a, p. 215.

. cordata Muhl.

Chaitophorus cordatae Williams. Williams, 1910 (1911), p. 27.
Chaitophorus viminalis Monell. Williams, 1910 (1911), p. 30.

daphnoides Vill.

Lachnus viminalis (Boyer) Pass. (salicis Shaw?) (salicis Cur-
tis?) (saligna Walker). Buckton, 3, p. 57.

. discolor Muhl. Glaucous Willow.

Aphis (Siphonophora) salicicola (Thomas) Monell. Oestlund,
1887, p. 63.

. fragilis I.. (Russelliana). Crack Willow.

Aphis wvitellinae Schrank. Kaltenbach, 1874, p. 58s5.
Lachnus viminalis Boyer. Kaltenbach, 1874, p. 38s.

. glaucophylla, .
Chaitophorus n. sp. Sanborn. Sanborn, 1904, p. 34.
. speciosa,
Aphis spectabilis Ferrari. Ferrari, 1872, p. 64.
. triandra I,
Aphis vitellinae Schrank. Kaltenbach, 1874, p. 585.
viminalis 1., Osier.

Aphis saliceti Kalt. Ferrari, 1872, p. 64. Del Guercio, Redia
VII, p. 297.

Aphis salicti Kalt. Theobald, 1911-12.

Cladobius populea (Kalt.) Koch. Passerini, 1863, p. 56.

Lachnus longirostris Fab.? (Aphis). Ferrari, 1872, p. 81,

Lachnus viminalis (Boyer) Pass. (A. saligna Walker?). Pas-
serini, 1869, p. 64. (dentatus Le Baron) Del Guercio, 1907
(1908), Redia V, pp. 281, 34s.

Melanoxanthus salicis (Linn.). Buckton, 2, p. 23.

S, vitellina I,.

Aphis populea Kalt. Kaltenbach, 1874, p. 561.
Cladobius populea (Kalt.) Koch. Passerini, 1863, p. 56.
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Lachnus longirostris Fab. Kaltenbach, 1874, p. 92.
Lachnus longirostris Pass. Kaltenbach, 1874, p. 562.

Aphis amenticola Kalt. Kaltenbach, 1874, p. 586.

Aphis cicutae Koch. (capreae Fab.) Kaltenbach, 1874, p. 585.

Aphis gracilis Walker. Walker, 1852, p. 1040.

Aphis saliceti Kalt. Kaltenbach, 1874, p. 58s.

Aphis saliceti Schrank. Kaltenbach, 1874, p. 586.

Aphis salicicola (Thomas) Monell (A. brevifurca Monell MSS)
Monell, 1879, p. 24.

Aphis salicicola Thomas. Gillette, 1910, p. 403.

Aphis salicina Zetterstedt. (Chaitophorus?) Tullgren, 1909, p. 6.

Aphis pilosa Haldeman (A. salicis?) Hunter, 1901, p. I02.

Aphis spectabilis Ferrari (? amenticola Kaltenbach). Schoute-
den, 1906a, p. 228. .

Aphis truncata Hausmann. Lichtenstein, La Flore.

Chaitophorus populeus (Kalt.) - (Lachnus punctatus Burm?)
Buckton, 2, p. 130. .

Chaitophorus salicicola Monell.  (Lachnus salicicola Uhler?)
Thomas, 1879, p. I105.

Chaitophorus salicis Williams. Williams, 1801, p. 27.

Chaitophorus viminalis Monell. Patch, 1913, Bul. 213, p. 8.

Chaitophorus sp. Davidson, 1909, p. 30I.

Cladobius rufulus Davidson. Davidson, 1909, p. 3c0.

Lachnus dentatus Le Baron. Weed, 1890, p. 117.

Lachnus salicellis Fitch (L. salicicola Harris?). Thomas, 1879,
p. II1Q.

Lachnus saligna Walker. Lichtenstein, La Flore.

Lachnus viminalis (Boyer) (L. dentatus Le Baron). Oestlund,
1887, p. 32.

Macrosiphum laevigatae Essig. Patch, 1913, Bul. 213, p. 84.

Melanoxantherium antennatum Patch. Patch, 1913, Bul. 213, p

Melanoxanthus bicolor Oestlund. Weed, 1801, p. 290.

Melanoxantherium flocculossum (Weed). Gillette, 1909a, p. 385.

Melanoxantherium salicis (Linn.). Gillette, 1909a, p. 387, Patch,
1913, Bul. 213, p. 8.

M elanoxantherium salicti Harris. Patch, 1913, Bul. 213, p. 86.

Melanoxanthus salicis (Linn.). Weed, 1890, p. 1I5.

Meclanoxanthus smithiae (Monell) Gillette, 1909a, p. 387; Patch,
1913, Bul. 213, p. 86.

Mwyzus achyranies Monell. Sanborn, 1904, p. 71.

Myzus persicae Sulzer. Gillette and Taylor, 1908, p. 35.

Nectarophora californica Clarke. Clarke, 1903, p. 254.

Phylloxera salicicola Pergande. Pergande, 1904b, p. 269.

Phylloxerina salicis (Licht.) CB. Boérner, 1909b, p. 60.

Pterocomma pilosa Buckton, Buckton, 2, p. 144.

Siphocoryne aegopodii Scopoli. Lichtenstein, La Flore.

Siphocoryne salicis Monell. Weed, 1803, p. 297.

Siphonophora salicicola Thomas. Thomas, 1879, p. 193.



Vig. 46. A, FPemphigus gravicornis; B, P. bursarius; C, P. condupli-
Sfolius; D, P. populimonilis; X, C. viminalis ? G, Mac. laevigatae ; ¥, Aphis
dorsalis ; H, P. gravicornis; 1, P. populicaulis; J, Melanoxantherium salicis ;
K, C. populicola ; L, A. salicicola.
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¥ig.47. P.populimonilis. Galls collected at Veazie, Maine, July 27, 1909.
Fig. 48. 2. bursarius. Galls collected at Orono, July 12, 1911.






Galls of Pemphigus populicaulis,

Figs. 49-51.






Fig. 52.  P. populiconduplifolius.  (Galls collected at Orono, July 15, 1912,
Fig. 53. 2. gravicornis. Galls collected at Oiono, July 7, 1911.

Fig. 54. Melanoxantherium salicis. Collection made at Orono, May 16,
1910. Fig. 55. Aphis populifoliae.  Collection made at Veazie, July 18, 1912.






BULLETIN No. 214.

THE BIOLOGY OF POULTRY KEEPING.*
RayMmoND PEARL.

There are certain phases or branches of agriculture which
are from their very nature specialized and locally restricted
either in space or time. The growing of beef cattle is not
adapted to the conditions of the city back-lot not could it be
considered sound economic policy for the Saskatchewan wheat
grower to set out an orange grove. There is, however, one
kind of farming, which in one form or another, knows no lim-
itations of space, and only those limitations of climate which
forbid any sort of agriculture whatever. This is poultry keep-
ing. No plot of ground is too small to keep a few hens on, or
at least to try to keep them on, and no ranch, however large,
is complete without a flock of hens to furnish eggs for the table
and perhaps a few over to sell. It may be safely said that there
is no phase of agriculture which is so universal and wide spread
over the whole world as poultry husbandry. The adaptability
of the business is marvellous. Poultry raising may be, and
probably has been, successfully combined with every other kind
of farming known to man. One farm recently visited would
seem to have about reached the limit in the way of oddity of
the combination. This was a fox and poultry farm. Raising
foxes was one part of the business, and raising chickens and
turkeys the other part. Needless to say the two lines of en-
deavor were kept strictly apart. :

When combined with other things as an integral part of
diversified farming poultry keeping is usually one of the most
profitable activities of the farm, and can be made so in every

* A lecture given at Columbia University on Jan. 31, 1912, in a course
of “Lectures on Economic Agriculture.”

Papers from the Biological Laboratory of the Maine Agricultural
Experiment Station, No. 49.
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case with attention to fundamental principles. If given a
chance hens will make money on a farm. Of specialized poul-
try plants, where the chickens form the main or sole line of
endeavor, there are all sizes ranging from the town dweller’s
one, two or three hens in a box in the back yard, or on the roof,
or the fire escape, to the immense poultry ranches or farms
where the unit of production is the flock of a thousand birds
and there may be many such units. Sad it is but true that not
all of these specialty plants are profitable. The back yarder’s
usually is, but after a certain magnitude of plant and of opera-
tion is passed trouble begins and frequently does not end until
the available capital is exhausted and the business is brought to
an end.

If it is true that some men find poultry keeping profitable
while others fail in it, we may well ask what are the essentials
to success in the business. It would appear that there are three
fundamental elements involved in every successful venture in
poultry husbandry. These are:

1. Good stock

2. Proper management
3. Good business sense in the conduct of the commercial end,

including :

a. Buying the supplies.

b. Selling the product.

c. Economically controlling the labor factor in the busi-
ness.

Of the third of these categories, namely good business ability,
nothing further need be said here. It is something with which
the hens have nothing to do. It is not primarily a biological
problem as are the other two. Furthermore nearly every nor-
mal man feels sure, down deep in his own mind, that while he
may not be a financial genius, still after all he possesses a rea-
sonable modicum of business sense, and is quite certainly not
keen on being advised as to how to run his business by any
itinerant college professor.

Goop STock.

Good stock is in last analysis a question of breeding. Of
course it may not be directly such for the man just starting out
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in the poultry business. e must purchase his stock in one
form or another. But somebody must have bred it. There is
no way to get stock of high quality except by breeding. Good
stock may be very much hurt by bad management, and on the
other hand stock which has been run down by improper man-
agement may be very much improved by correcting the evils
in this direction. But stock which is inherently poor can only
be made inherently good by changing its innate constitution.
Such a change can only be wrought by careful breeding along
definite lines.

In considering the subject of breeding from the practical
standpoint it must always be remembered that the rank and file
of successful poultrymen are not in any sense of the word
scientific breeders. They know little or nothing about the sci-
ence of breeding and are only interested in it, if at all, in what
might be called a somewhat academic manner. Indeed it is
fair to say that many of those doctrines which the practical
poultry breeder usually holds to with the greatest firmness on
the supposition that they are *‘scientific” principles of breeding
are things which modern exact scientific studies of heredity
have shown to be either quite erroneous or of exceedingly
limited applicability. What the successful practical poultry
breeder is an expert at, however, is the art of breeding. Pos-
sibly some who are interested only in the investigation of the
laws of inheritance may be inclined to doubt whether really
there is any such thing as an art of breeding, distinct from the
science of breeding. The contention might possibly be made
that what we call the art of breeding is merely a convenient
verbal shroud to cover the nakedness of the empiricism in
breeding, which in large part can now be reduced to scientific
principles and should ultimately be entirely so. This sounds
well in theory, but anyone who is disposed to maintain that there
is no such thing as an art or craft of breeding, quite apart from
the scientific side of the matter, should attempt once to produce,
on scientific principles, a winning male in the Barred Rock
class in the Madison Square Garden Poultry Show, for exam-
ple. Let me hasten to say that no doubt this could be done.
But when it is done the person accomplishing it will in the
meantime have become something more than a student of the
science of inheritance. He will have become an expert practical
poultry breeder.
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Granting that practical success in the breeding of poultry
depends upon the knowledge of something more than the laws
of inheritance thus far set down in books, it is none the less
important to know the fundamental principles or qualifications
upon which success in this field depends. There are three pri-
mary factors involved in poultry breeding without anyone of
which success of the highest type will never come, and with all
three of which it is sure to come in time.

THE RECOGNITION OF INDIVIDUALITY.

The first of the factors is what may be characterized as the
ability to “see™ a bird. This is the most fundamental qualifica-
tion for a breeder to possess and is the most difficult of all to
acquire. Some years ago, at a very enthusiastic meeting of men
engaged in the teaching of poultry hushbandry in the various
colleges and schools of agriculture in this country, a whole day’s
session of the meeting was devoted to the pedagogy of poultry
husbandry. With much vigor and at great length such matters
were debated as the text work method versus the lecture method
in imparting a knowledge of how to grow chickens; whether the
higher theory of caponizing should precede or follow the
advanced philosophy of broiler production in general; how the
recondite subject of “brooding” might be best presented and so
on. After the discussion had proceeded along these lines all
day the chair finally called upon a distinguished teacher of poultry
husbandry, who had not hitherto taken any part, for an expres-
sion of his opinion on these weighty matters. In response this
gentleman said that, while he had been much interested in the
discussion which had gone on, it seemed to him after all very
academic. After considerable experience in trying to teach
poultry husbandry he had found that about all he could hope to
do in four years was “to teach the students to see a chicken.”
He felt if he succeeded in doing this that his teaching had been
successful, as measured by the highest standards. He admitted,
however, that he by no means always succeeded. It is worth
noting that this gentleman’s summing up of the essential pur-
pose of a college course in poultry husbandry agrees precisely
in principle with the statement of James that the function of a
college in general was to help you “‘to know a good man when
you see him,”
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It is in regard to just this point of ability to see a bird that
lies the chief difference between the expert poultryman and the
rank amateur. By “seeing a chicken” is meant, in brief, the
recognition of the individuality of that bird. FEvery human
being is able to recognize the individuality in the appearance of
other human beings. At a glance we recognize in looking at a
number of people the points of difference which distinguish one
individual from another. The distinguishing trait may be only
some very unimportant feature. Almost certainly it is some-
thing which is nearly, if not quite, impossible of accurate
description. The case simply is that our eyes are trained to
recognize individuality in appearance amongst men. It is just
precisely this ability to recognize instantly, easily and fully indi-
vidual differences amongst fowls which characterizes the expert
poultryman.

To him a flock of chickens is not simply an aggregation of
living things all very much like one another. It is, on the con-
trary, a group of individuials, each one of which possesses some
distinguishing trait which can be found, if one cares to look for
it, and which will mark this bird out from its fellows for all
time to the “seeing” eye. The minute differences upon which
such distinction of individuals depends may be in form, or
color, or size, or pattern. Quite as often there will be differ-
ences in behavior, expression, or disposition. Such matters as
carriage, the method of holding the head and the body, the
expression of the eyes, and so on are characteristic of indi-
vidual fowls as of individual men. Many of the differences
which the expert poultryman will readily recognize are quite as
difficult of precise description as are the differences which
prevent you from confusing your next-door neighbors when
you meet them.

Not only does this ability to “see” a bird mean the ability to
recognize it as an individual of the flock, but also it means. the
ability to form a judgment as to its bodily condition and state
of health. We are able to recognize at a glance whether a per-
son appears to be in good health, or whether, on the contrary,

“he is off condition. Relatively small differences of this kind
in human beings are easily recognized. It is not necessary that
an individual should be moribund before we are able to say that
he is not looking well. In the case of poultry, however, it
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usually has to be a very sick chicken before the amateur will
realize that there is anything the matter with it. On the con-
trary the expert, who is accustomed really to see his fowls as
individuals, will recognize as slight changes in well-being amoeng
them as he will among his fellow men.

The first great underlying principle then, which biology has
to give to animal husbandry of any sort, and particularly to
poultry husbandry, is the principle of individuality. The living
organism, whether it be a hen or a dairy cow, is not primarily a
fraction of a flock or a herd, but is before anything else an
mdividual, endowed with a whole mass of individual peculiari-
ties of structure, physiology and hehavior. Furthermore the
ultimate foundation for practical success in the conduct of a
poultry business depends not only upon a recognition of this
principle of individuality, but an ability to put it intc actual
operation in the daily work. No one can ever be a successful
practical poultryman until he acquires, in some degree, the
ability to see his fowls as individuals, in the same sense that
he sees his fellow men as individuals. Other things being equal
the greater his powers of discrimination in this particular, the
greater will be his practical success in the business.

ConstrrurioNar VIGOR.

Having acquired the ability to see the individual birds as
individuals, the next step is to learn to distinguish a good hird
from a poor one. Here it is ever to be kept in mind that the
primary and most essential characteristic of a good bird must
always be a sound constitution and plenty of vitality and vigor.
Without these qualities it is impossible to have first class stock.
Constitutional vigor and vitality may be put as the second
fundamental requisite in the successful practical breeding of
poultry. In all kinds of breeding operations whether for utility
purposes, or for the fancier’s show pen, or for the purpose of
experimentation in the field of heredity, the first selection of
birds for the breeding pen should be made on the basis of their
general constitutional vigor. No bird which shows signs of
weakness in this fundamental regard should ever he used as a
breeder under any circumstances, If such a bird is used the
breeder will eventually have to pay the penalty.
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The external, visible evidences of a sound constitution and a
possession of abundant v.itality and vigor are numerous. In the
first place the bird of sound constitution will be in perfect
health. Perhaps its most striking characteristic will be an inde-
pendence of disposition and demeanor. By this is not neces-
sarily meant aggressiveness. 'Lhe bird, whether male or female,
which is forever picking quarrels with its fellows is by no
means always the bird of greatest vigor. Strange as it may
seem a bird may indeed be very far from a mollycoddle and yet
have a peaceable disposition. It may be taken as an unfailing
characteristic of birds of high constitutional vigor, however,
that they are able to take care of themselves and may not be
imposed upon, or bullied by their fellows, with impunity. While
they may not pick a quarrel, they are abundantly able to make
a forceful presentation of the merits of their end of any debate
which another bird may choose to enter upon with them. In
other words they have, as has been said, an independence of
disposition; an ability, reaching to the limits of gallinaceous
capacity, to meet all situations which may arise in the day’s
work of a fowl, whether food getting, fighting, rearing young,
or what not.

The bird of high constitutional vigor will have a thrifty
appearance with a bright eye, and clean, well kept plumage.
The head will be broad and relatively short, giving in its ap-
pearance plain indication of strength. It will show nothing of
the long-drawn-out, sickly, crow-like appearance of the head
which is all too common amongst the inhabitants of the average
poultry yard. The beak will be relatively short and strong, thus
correlating with the general conformation of the head. Comb
and wattles will be bright in color and present a full-blooded,
healthy, vigorous appearance.

The body of the bird of high constitutional vigor will be
broad and deep and well meated, with a frame well knit to-
gether, strong in the bone but not coarse. In fowls of strong
constitution and great vigor all the secondary sexual differences
will usually be well marked. In other words the males will be
masculine to a degree in appearance and bhehavior, and the
females correspondingly feminine. It must be noted, however,
that this last is a general rule to which there are occasional
exceptions.
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INBREEDING.

The third basic factor which makes for success in practical
breeding is inbreeding.* This may seem a radical statement, but
a careful study of the history of the best improved strains of
live stock of all sorts, including poultry, leaves no room for
doubt that the attainment of the highest degree of excellence
has always been associated with the practice of a very consid-
erable amount of inbreeding, of rather close degree. It is a
curious paradox of animal husbandry in general, and of poultry
husbandry in particular, that while, as a matter of fact, every
successful breeder of high grade stock practices inbreeding to
a greater or lesser extent, a great many of these men are vio-
lent, even fanatical, opponents to inbreeding in theory. Most
of them will deny stoutly that they ever practice inbreeding.
They contend that they practice “line breeding,” but never,
never “inbreeding.”

The distinction here is obviously verbal and not biological,
being in its essentials precisely similar to that between Tweedle-
dum and Tweedledee. The essential and important biological
point is that what is actually done is to purify the stock in
respect to all characters to as great a degree as possible. What
the successful breeder aims to do is to get his stock into such
condition that he has only one kind of “blood” in it. Fxpressed
more precisely, though unfortunately more technically, it may
be said that the breeder endeavors to get his stock homozygous
with reference to all important characters or qualities. The
quickest way, indeed the only way, practically to obtain this
result is by the practice of some degree of inbreeding. Some-
times a great stride towards the desired end may be made by
mating brother and sister or parent and offspring together.

That a mating of such close relatives will surely result in
disaster is one of the carefully nursed superstitions of breeding,
which has often been exploded, but will doubtless always be
with us. It may be said that all the evidence which may be
gleaned from the experience of stock breeders indicates that the
results which follow inbreeding depend entirely upon the nature
of the individuals inbred. If one inbreeds weak animals, lack-

*The following discussion of inbreeding has already appeared, in
slightly altered form, in The Farm and Home Poultry Annual for 1913.
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ing in constitutional vigor, and carrying the determinants of
undesirable qualities in their germ cells, the offspring resulting
from such a mating will undoubtedly be more nearly worthless
than were their parents. If, on the other hand, one inbreeds in
the same way strong and vigorous animals, high in vitality, and
carrying the germinal determiners of desirable qualities there
may be expected a corresponding intensification of these quali-
ties in the offspring. The time has come when a vigorous pro-
test should be made against the indiscriminating condemnation
of inbreeding. Tt should be clearly recognized that if the ex-
perience of stock breeders extending throughout the world, and
as far back as trustworthy data are available, means anything
at all it plainly indicates that some degree of inbreeding™ is an
essential to the attainment of the highest degree of success in
the breeding of animals, poultry forming no exception to this
rule. .

This contention receives full support from the results of
modern exact studies in genetics. Such studies show that the
personal bodily characters of the parents have no casual relation
to the personal characters of the progeny. What the progeny
shall be like is determined by the constitution of the germ cells
of the parents. When by a proper system of selective breeding
the point is reached where these germ cells are pure with refer-
ence to a particular character, or degree of a character, then
that character will unfailingly appear in the offspring, in the
degree of perfection in which it is represented in the germ cells.
This is the highest goal of the practical breeder. But in a sex-
ually reproducing organism like the domestic fowl purity of the
germ cells with respect to the determiners of any character is
only to be obtained, in the hands of a practical breeder without
special scientific training, by the practice of inbreeding.

It should not be understood that indiscriminate inbreeding
without definite purpose or reason is advised, or-advocated as
a panacea for all the difficulties which beset the breeder’s path.
All successful breeding is the working out of carefully made
plans. In those plans inbreeding has a place. For the average

* Of course if the term “inbreeding” makes too violent a strain upon
anyone’s intellectual, moral or merely human prejudices, there is no
objection to his using for the practice the term “line-breeding,” or some
other even milder designation.
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poultryman who does not keep individual pedigrees, and could
scarcely afford to do so if he wanted to, the safest and wisest
plan to follow in breeding is to make matings without any
thought whatever of the relation to one another of the indi-
viduals mated. In some instances they will be closely related,
in others not so, purely as a result of chance. If only indi-
viduals of high constitutional vigor are used as breeders no
thought need be taken as to relationship, and there will be no
necessity of going out of the flock to get “new blood” to reju-
venate the stock. Further if “new Dblood” is not brought in
there will be sufficient inbreeding purely from chance to bring
about in time (in a flock of not too diverse origin) a consider-
able degree of purification in respect to selected characters.
Introduction of new blood for purposes of rejuvenation or
reinvigoration, which is one of the commonest practices of the
poultryman, is, as ordinarily done, one of the surest ways to pre-
vent any real or permanent improvement of his stock by breed-
ing. The difficulty here is that when one introduces new blood
he runs the risk of introducing a whole set of characters infe-
rior in their degree of perfection to what he already has in his
own stock. The real cause which so frequently leads poultry-
men who should know better to take this risk is a failure rigor-
ously to select breeding birds for high constitutional vigor.
The average poultryman finds it very hard to discard some
particularly fine specimen just because it shows a little weak-
ness in one way or another. He is disposed “just this once” to
let the bird by, and use it as a breeder. This practice continued
will make “new blood” necessary for rejuvenating purposes.
Again the careful breeder often finds himself in this situa-
tion. e has by well planned and executed breeding brought
his stock up to a particular level of excellence. There the
improvement stops. His birds breed true to that particular
degree of quality but cannot be made to attain a higher degree.
In other words, he has substantially purified his stock relative
to the characters which interest him. But he sees that the stock
of some other breeder is measurably better than his. If A is to
get his stock up to the B level he must introduce some B blood.
This has long been the poultryman’s procedure, and if done in
the right way, it is found to be as successful in practice, as it is
justifiable in theory in the light of modern ideas respecting
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inheritance. 'The danger in the matter in such a case as this
under discussion all turns on the way in which the thing is
done. 1f one feels it to be desirable, for the reason specified,
to introduce “new blood” into his flock of birds let him by all
means do it gradually, and not swamp the whole flock with
the new germinal combinations all at once. For if he does he
may destroy in this way at one blow results which have taken
years of careful breeding to build up. The proper procedure in
introducing “new blood” is, in most cases, to buy a male bird
and mate it the first year with only a small number of females,
perhaps three or four. In this way it is possible to find out
whether the new “blood” “nicks” with the old, as the breeders
express it.* If it does he may then extend its introduction to
the whole flock. If it does not “nick” he will not have lost all,
but may still continue with his original foundation stock, with
all its good qualities.

Having considered in detail the principles volved in the
production of good stock in poultry keeping, we may next turn
to the conservation of this stock once it has been obtained.
While well bred stck of sound constitution is fundamental for
all permanent success in the poultry business, yet.if is equally
true that the best stock in the world may be made very unpro-
ductive, and in nearly all respects practically worthless, by im-
proper management. Furthermore in the hands of a skillful
poultryman the same stock can be made to yield a great deal
more profit, both in egg production and in meat production, than
if handled and cared for by an amateur without any under-
standing of the business.

Housing.

In the management of adult fowls there are in the main two
things to be considered, housing and feeding. A vast multitude
of methods of doing these two things to poultry have been tried
during the history of the industry.

There have been published plans for poultry houses of all con-
ceivable shapes and sizes. Long houses, short houses, tall houses

* From the standpoint of modern conceptions of heredity “nicking”
possibly means nothing more than that the individuals mated form
homozygous combinations of many important characters rather than
heterozygous combinations.
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low houses; square, hexagonal, octagonal and round houses;
heated houses and cold houses; all these and many more have
had their advocates and detailed plans for their construction
can be found. It would appear that there must be realized
here the primary condition of the experimental method, namely
the “trying of all things.” It only remains to discover that
which is “good” in order that we may “hold fast” to it.

This discovery has indeed been made in regard to a few of
the basic things in the housing of poultry. It would be strange
if something had not come out of all the indignities to which
innocent and inoffensive generations of fowls have been sub-
mitted in the way of dwelling accommodations. It is now
clearly recognized, and generally admitted by all competent
poultrymen, that certain things are absolutely essential in any
poultry house which is to give good results. These are (1)
fresh air, (2) sfreedom from dampness, (3) freedom from
draughts, (4) sun-light, and (5) cleanliness.

1f these five things are realized in a poultry house the birds
will thrive and be productive in it* provided they are well and
regularly fed and watered. It makes no difference particularly
to the well-being of the birds how these necessary specifications
of their dwelling are attained. To the poultryman, however, it
is important that they be attained at the smallest expense, hav-
ing regard to (a) initial cost, (b) repairs and up-keep and (c)
labor necessary to operate the house to get the specified results.
The housing problem is to the poultryrhan, then, both a biologi-
cal and an economic one. The biological solution is definite.
The requisites named above must be met, and there is one addi-
tional factor to be taken into account; namely size of house.
Experiments made at various times and places indicate clearly
that in northern climates, where birds must be shut up in the
house during a part of the year in order to give best results,
there should be allowed in the house at least three square feet
of floor space per bird, and preferably a little more. Four
square feet floor space per bird is a liberal allowance.

A factor which it was formerly thought necessary to control
in the housing of poultry was the temperature. It was long
held that if fowls were to lay well in the winter it was necessary
that they should be in a heated house. Later experience has
shown conclusively that this was an utterly fallacious idea. As
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a matter of fact, even in the coldest climates, fowls will lay
better during the winter months in a properly constructed house
wide open to the outside air in the day time, so that they are
living practically out of doors, than in any heated house which
has yet been devised. If a laying house is dry the temperature
factor may be neglected. If a house has a tendency to damp-
ness, it will give poor results regardless of temperature.

From the economic standpoint there are two systems of hous-
ing poultry to be considered. One of these is the system of
long continuous houses for the laying birds. The other is the
so-called colony house system, in which the birds are housed in
small separate houses which may either be set a considerable
distance apart over a relatively wide area, or may be placed
relatively near one another. FEach system has its strenuous
advocates. Experience covering a fairly long period of years
now has demonstrated that both systems have good points. As
to which shall be adopted in a particular instance depends upon
a variety of considerations, each in some degree peculiar to the
particular case in hand.

In the extreme northern part of the country where the cli-
mate is very cold in the winter and there is an abundance of
snow there can be no question that the long house is much to
be preferred to a colony system. There are two reasons for
this. In the first place experience indicates that the birds are
somewhat more productive and keep in better condition in a
properly constructed and managed long house than in colony
houses. Furthermore the labor expense involved in caring for
a given number of fowls is much less, under such climatic con-
ditions, than with the colony house system, where the birds are
scattered over a wider area and more paths must be broken
out in the snow.

The great advantage of the colony house system is its flexi-
bility. Furthermore it gets around the troubles involved in the
contamination of the ground by the long continued keeping of
poultry on the same small area. In general, local conditions
and circumstances must decide in each individual case which
system of housing shall be adopted.

Having decided upon the general system to be followed,
what particular type of house is best? There is one outstand-
ing type of “long” house which has been very widely used with
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great satisfaction. This is the so-called “curtain front house.”
The particular form of this which was devised and has been
used for many years at the Maine Station is probably the most
widely used. See Fig. 56 and 57. Description of this house
with specifications for its construction may be found in Circular
No. 471 of the Maine Agricultural Experiment Station, which
will be sent free to any resident of Maine. The essential feature
of this type of house is that during the day the front of each
pen, which is formed of a cloth curtain, is wide open, so that
the pen becomes in effect a shed open on the south side. At
night this curtain is closed, but it still permits of some circula-
tion of air so that the house is at all times a strictly “fresh air”
house.

In the case of the colony house there cannot be said to be
any single type which, by common consent, is of such outstand-
ing merit as the “curtain front” type in the case of the long
house. There are two types of colony houses which are at pres-
ent popular and seem to be of greatest merit. One of these is
essentially nothing more than a single unit or pen of a “curtain
front” house. That is, it is a “curtain front” colony house built
on essentially the same plan as the long house only very much
smaller. The other type of colony house is the so-called
Tolman house, which is another modification of the open front
principle. Another house of this general type which has been
advocated is the Woods house.*

FEEDING.

Having housed our fowls they must be fed. Here the same
sort of history is to be found as in the case of housing. Sub-
stantially all known edible substances must, at some time or
other, have been suggested or tried as component parts of the
rations of fowls. Not only have many and curious substances
been suggested as poultry food, but they have been combined in
formulee asweird as a medieval apothecary’s prescription

* Detailed plans and specifications for the construction of poultry
houges of various types may be found in Bulletin 215 of the Wisconsin
Agricultural Experiment Station, entitled “Poultry House Construction,”
by J. G. Halpin and C. A. Ocock; “Poultry Houses and Fixtures”
published by the Reliable Poultry Journal Pub. ‘Co.,, Quincy, Iil., and
many other standard poultry books give house plans.



5 Fi¢. 56. Curtain-front poultry house No. 3, at the Maine Agricultural Experiment Station.



Fic. 57. Interior of curtain-front poultry house No. 3.
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Actually practical poultry feeding is much more of an art than
a science, in the present state of knowledge. While for peda-
gogical reasons it seems wise in the teaching of poultry hus-
bandry to spend a considerable amount of time in calculating
balanced rations and nutritive ratios it is very doubtful if all
such activity has any very real or tangible relation to practical
poultry ‘eeding.

Such attempts at a science of poultry feeding would anpear
to suffer from a serious defect. The assumption is made in
calculating a nicely balanced ration that all hens are going to
partake of this ration in the same way. DBut this is very far
from the biological actuality. Some individual hens like no
grain except corn, and if fed a mixture will eat only corn.
Others are very partial to beef scrap, and so on. To anyone
who studies the behavior of fowls it is clear that the ration on
paper and the ration in the crop are two very different things.

The successful feeding of poultry depends upon experience
and acquaintance with fowls. The basic biological factor is,
once more, individuality. FEach individual hen is an independ-
ent living thing, possessing well marked likes and dislikes of her
own with respect to food. There can be no question that the
best results in the way of egg production and meat production
would be obtained if a skillful feeder could feed each individual
fowl by and for itself. Evidence that this is the case is found
in the fact, which is universal wherever poultry is kept, that
on the average fowls kept in small flocks, of say under 25 birds
each, do relatively much better than larger flocks. The produc-
tion and money returns per bird are greater. The fundamental
reason for this is that the birds in small flocks get better care
as individuals. When a man has only such a small number to
take care of he can recognize their individual peculiarities more
easily. Furthermore an individual bird stands a better chance
of having its peculiar taste gratified in a small than in a large
flock.

So while the biological ideal would be to feed each bird indi-
vidually, this is obviously impossible in practice. With poultry
the individual unit of production (the hen) is so small that it
must be handled in flocks. The correct principle of manage-
ment is to feed and handle a flock in such a way as to afford

the maximum opportunity for the expression and gratification
2
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of the individual preferences of the component units, with a
minimum labor cost. The larger the flock and the plant as a
whole, the more machine-like the methods of feeding and hand-
ling must be. They must of necessity be calculated to suit that
mythical creature, the average hen. Coincidently the total pro-
duction or profit per bird will diminish. Presently a point is
reached in size of plant where the outgo exceeds the income
over a period of years. Such a plant if it has a hustling busi-
ness man at the head takes a fancy name to itself, advertises a
great deal, invents a “system,” writes and sells a book ahout it,
manufactures incubators and supplies, in general endeavers to
make a loud noise about what a profitable thing the poultry
business is, and finally goes dismally, completely and perma-
nently “broke.”

In the practical feeding of flocks of poultry large enough to
be a commercial proposition, the methods which have been
worked out empirically by the successful poultryman are essen-
tially attempts to satisfy the individual tastes of the birds to as
great a degree as possible, at a minimum labor cost. This result
is obtained in practice by offering to the flock a variety of food -
materials so that they may have some opportunity of choice as
to what they shall eat. If we feed corn, wheat, and oats the
fowl which likes corn has the opportunity to live on corn,
whereas the fow!l which likes about three parts wheat and one
part oats is able to satisfy her taste in this regard.

As a result of this manifest need for a variety of food it has
come about that the practice now generally accepted as best is
to put regularly before fowls food substances belonging to four
different categories. These categories are:

1. Dry whole (or coarsely broken) grains (e. g.. corn, wheat
oats, barley, etc.).

2. Ground grains (e. g., bran, middlings, corn meal, linseed
meal and other finely ground grains).

3. Animal products (e. g., beef scrap, blood meal, fish scrap,
green cut bone, etc.).

4. Succulent or green foods (e. g., mangolds, cabbages,
beets, sprouted oats, green corn fodder, etc.).

The proportions in which these different kinds of food mate-
rial are fed differ to a considerable extent among different
poultrymen. The exract proportions in which they are given
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really matters very little, owing to the fact, already brought out,
that the hen compounds her own ration to her own taste if
given the material. Furthermore it makes little difference
whether the ground grains are fed dry or wet. It is cheaper to
feed them dry (because of labor saved), and therefore the
“dry-mash system” of feeding has become popular.
At the Maine Agricultural Experiment Station the following
ration is fed to laying pullets.
' Dry whole (or cracked) grains.
Early morning. Cracked corn in litter.
11 A. M. Mixture of equal parts of wheat and oats
in litter.
These grains are fed at the rate of about 2 quarts for 50
birds.
Ground grains (dry mash) thoroughly mived together.
- First month pullets are in laying house.

Wheat bran ....... ... ... ... L. 300 lbs.
Corn meal ................. o iun... 100 lbs.
Daisy flour (or other low grade flour)...100 Ibs.
Meat scrap ....oiiiii 100 lbs.
Second month in house.
Wheat bran ......... ... ... .. 200 lbs.
Cornmeal ........coiviieiiiinnna.n. 100 lbs.
Daisy flour (or other low grade flour)...100 lbs.
Gluten feed ................. ... ... 100 lbs.
Meat scrap ......coiiiiiiiiiii L, 100 lbs.

Third month in house.
Same mixture as second month with 50 lbs. linseed meal
added.
Fourth month in house.
Same mixture as second month.
Thereafter put 50 lbs linseed meal in second month mixture
on each alternate month.
This ground grain mixture or “dry mash” is kept in open
hoppers before the pullets at all times.
For green or succulent food either cabbages, mangolds or
green sprouted oats or a mixture of these materials.
A detailed account of the methods of feeding poultry in the
use at the Maine Station is given in Circular No. 471 of that
Station, entitled “Poultry Management at the Maine Station.
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Other ration formule for fowls are given in all books on
poultry husbandry and in bulletins published by agricultural
experiment stations in the various states and by the Department
of Agriculture in Washington.

In feeding fowls in flocks it is important, in accordance with
the principle of individuality, to select the birds which are to
make up a flock so that they will be as uniform a lot as possible
in respect to size, stage of development, etc. Careful grading
in this way in putting birds into the laying house pays in the
egg basket. The more nearly uniform in structure and habit
the component units of a flock are, the more will the effect of
individuality be minimized.

In conclusion it may be said that while the poultry business
is not a gold mine, nor a get-rich-quick scheme, it is a legitimate
business. When properly conducted it will pay liberal interest
on the investment of capital and labor. The keynote to
success in it is to begin in a very modest way, and only
enlarge the plant, if it be enlarged at all, as the fundamental
principles of breeding and management are thoroughly mas-
tered. Chickens are not machines. They are living creatures.
A poultry plant is not a factory. It partakes much more of
the nature of a girl’s boarding school, with a strong leaning on
the part of its inhabitants towards suffragette doctrines. Poul-
try management is a biological problem, and to be successful
must have due regard to fundamental biological principles.
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BULLETIN No. 215.

THE MEASUREMENT OF THE INTENSITY OF
INBREEDING.!

RayMmonD PEARL.

The effect of inbreeding on the progeny is a much discussed
problem of theoretical biology and of practical breeding. It
has been alternately maintained, on the one hand, that inbreed-
ing is the most pernicious and destructive procedure which
could be followed by the breeder, and on the other hand, that
without its powerful aid most of what the breeder has accom-
plished in the past could not have been gained and that it offers
the chief hope for further advancement in the future. While
there is now, among animal breeders at least, a more widespread
tendency than was formerly the case towards the opinion that
inbreeding per se is not a surely harmful thing, nevertheless
this opinion is by no means universally held and in any case
does not rest upon a definite and well-organized body of evi-
dence. Aside from a relatively small amount of definite experi-
mental data one’s judgment in the matter (so far as it is not
wholly speculative) is finally formed on the basis of his inter-
pretation of the vast accumulation of material comprised in the
recorded experience of the breeders of registered (pedigreed)
livestock.

1This bulletin is essentially an abstract (with some new material—see
p. 134) of a more extended technical discussion of the subject published,
with the title “A Contribution towards an Analysis of the Problem ot
Inbreeding,” in the American Naturalist (Vol. XLVTI, 1913). The
complete paper contains illustrative pedigrees and examples of the cal-
culation of coefficients of inbreeding, together with a more detailed dis-
cussion of the theoretical significance of these coefficients. Anyone
wishing to make use of these coefficients of inbreeding should consult
the original paper, in addition to this abstract. The paper referred to
is not available for general distribution by the Maine Agricultural Ex-
periment Station. Recourse must be had by those wishing to examine
it to the files of the American Naturalist, a journal available in many
of the larger public libraries, or by purchase at a nominal cost from the
publishers.

2
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In order that progress may be made in the analysis of this
important problem of inbreeding there is a fundamental need
which must first be met. This is the need for an appropriate
and valid method of pedigree analysis, which possesses general-
ity, and can on that account be depended on to give comparable
results when applied to two (or more) different pedigrees.
Specifically, there seems not to have been worked out any ade-
quate general method of measuring quantitatively the degree of
inbreeding which is exhibited in a particular pedigree. Without
such a measure it is clearly impossible to proceed far in the
analysis of inbreeding.

It is the purpose of the paper of which this is an abstract to
present a method for measuring, and expressing numerically in
the form of a coefficient, the degree of inbreeding which exists
in any particular case, and to show by illustrations the manner
in which these coefficients may be computed. It is shown that
the method is (a) wunique, in the sense that the value obtained
in any particular instance can only be affected by the degree or
amount of inbreeding which has been practiced in the line of
descent under consideration, and (b) general, in the sense that
it is equally applicable to all pedigrees and to all degrees and
types of inbreeding.

PRELIMINARY DEFINITIONS.

In attempting any general analysis of the problem of inbreed-
ing from the theoretical standpoint one is confronted with the
necessity for a definition of inbreeding, which shall be at once
precise and general, that is, such as to include all of the most
diverse ways in which this sort of breeding may be practised.

Leaving aside for the moment all consideration of details as
to how a particular piece of inbreeding may be brought about is
to be found the concept of a marrowing of the network of
descent as a result of mating together individuals genetically
reldted to one another in some degree. Let us take this as our
basic concept of inbreeding. It means that the number of
potentially different germ-to-germ lines, or “blood-lines” con-
centrated in a given individual animal is fewer if the individual
is inbred than if it is not. In other words, the inbred individual
possesses fewer different ancestors in some particular genera-
tion or generations than the maximum possible number for that
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generation or generations. 'This appears to be the most general
form in which the concept of inbreeding may be expressed. In
whatever way the mating of relatives is accomplished, or what-
ever the degree of relationship of the individuals mated
together, the case in last'analysis comes back to the above state-
- ment, namely that there are actually in the pedigree of the
inbred individual fewer different ancestors in some particular
generation or generations than the maximum possible number.

THE MEASUREMENT OF THE DEGREE OF INBREEDING.

This brings us to a consideration of a practical and general
measure of the degree of inbreeding exhibited in a particular
pedigree. 'This problem has been attacked by a number of
other investigators, but so far as I have been able to learn, all
previous measures have been modifications in one form or an-
other of the scheme of Lehndorff. All systems based on the
number of “free generations” alone, as in Lehndorff’s, do not
furnish a precise or reliable measure of the real intensity of
inbreeding. The essential reason for this failure, stated baldly,
_ is that they do not take account of the composition of the gen-
eration to which the “common ancestor” of an inbred pair
bélongs. ' ‘

In developing a general measure of the intensity of inbreed-
ing we may well start from the conception set forth in the pre-
ceding section, namely that the inbred individual possesses
fewer différent ancestors than the maximum possible number.
Besides this factor account must be taken of the generation or
generations in which the reduced number of different ancestors
is found, and the extent to which these generations are removed
(in the sense of Lehndorff mentioned above) from the indi-
vidual or generation under consideration. In other words the
two factors which must be included in a general measure of the
intensity of inbreeding are (a) the amount of ancestral reduc-
tion in successively earlier generations, and (b) the rate of this
reduction ever any specified number of generations.

Both of these demands are met by taking as a measure of
the intensity of inbreeding in any generation the proportionate
degree to which the actually existent number of different ances-
tral ‘individuals fails to reach the maximum possible number,
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and by specifying the location in the series of the generation
under discussion,

This statement is amplified and made more precise in the
following propositions.

1. The production of the individual must be the point of
departure in any analytical consideration of inbreeding, leading
towards its measurement. That is, the question to which one
wants an answer is: What degree of inbreeding was involved
in the production of this particular animal?

2. It is therefore necessary practically to start with the indi-
vidual and work backwards into the ancestry in measuring in-
breeding, rather than to start back in the ancestry and work
down towards the individual.

3. In the genetic passage from the n-}1’th generation to the
#w'th, or in other words the contribution of the matings of the
n-1'th generation to the total amount of inbreeding involved
in the production of an individual, the degree of inbreeding
involved will be measured by the expression

Zn: 100 (pn+1—q n+l) (l)
pn+1

where p,, denotes the maximum possible number of different
individuals involved in the matings of the n-1 generation,
9, the actual number of different individuals involved in
these matings. Zu may be called a coefficient of inbreeding. 1f
the value of Z for successive generations in the ancestral series
be plotted to the generation number as a base, the points so
obtained will form a curve which may be designated as the
curve of inbreeding.

It will be noted that the coefficient of inbreeding Z is the
percentage of the difference between the maximum possible
number of ancestors in a given generation and the actual num-
ber realized in the former. The coefficient may have any value
between 0 and 100. When there is no breeding of relatives
whatever (that is, in the entire absence of inbreeding) its
value for each generation is 0. As the intensity of the inbreed-
ing increases the value of the coefficient rises.

4. The above measure of inbreeding has to do solely with
the relationship aspect of the problem. It has nothing whatever
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to do directly with the gametic or zygotic constitution of indi-
viduals.

5. Since the only possible infallible criterion of relationship
between individuals is common ancestry in some earlier genera-
tion, we are led to the practical rule, in measuring the degree
of inbreeding in a pedigree, to regard all different individuals
as entively unrelated until the contrary is proved by the finding
of a common ancestor. 'This no doubt appears at this stage of
the discussion as an exceedingly obvious truism. The reader is
urged to accept it as such, and hold fast to it, because it will
help him over some apparent paradoxes later.

The method of calculating coefficients of inbreeding, and their
real significance will be made much clearer by the considera-
tion of illustrative examples of their application. To these we
may therefore turn.

TuE CALcuLATION OF COEFFICIENTS OF INBREEDING.
We may first consider some simple hypothetical pedigrees,
PepicReg TasrLe I.  (HypoTHETICAL).

To illustrate the Breeding of Brother X Sister, out of Brother
X Stister, Continued for a Series of Generations.
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before attacking the more complicated ones actually realized in
stock-breeding.

IrLustrarion I. CoNTINUED BROTHER X SISTER BREEDING.

Let us begin with the most extreme type of inbreeding pos-
sible, namely the mating of brother with sister for a series of
generations. Pedigree Table I gives the pedigree of an indi-
vidual so bred. v

Let us now proceed to calculation of the coefficients of in-
breeding Zo, Zi, Z:, and Zs. For Zo we have

=2,

q=2,

100 (0)

whence Zo—m-—o0o———0¢
2
‘ 100 (4—2)
In the same way Ji=me——— — =150

2

100 (8&—2)

Zi =———=75
8

100 (16—2) "
Zs— _— = 875
: 16

These results may be expressed verbally in the following
way: In the last two ancestral generations x is 50 per cent
inbred; in the last three generations it is 75 percent inbred; and
in the last four generations it is 87.5 per cent inbred.

This pedigree table and the constants will repay further con-
sideration, since the case is a limiting one. With the table at
hand it is possible to grasp a little more clearly the precise bio-
logical meaning of the coefficients of inbreeding. Thus it is
seen that what the value of Z:=s50 really signifies is that
because the individual a and b were brother and sister the num-
ber of different ancestors which 2 can possibly have in any
ancestral generation cannot be more than 50 percent.of the
total number theoretically possible for the generation. That is,
a’s sire and dam having been brother and sister means that »
cannot have more than 2049 different great-great-great-great-
great-great-great-great-great-grandparents, instead of the pos-
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sible 4096. He may have had fewer than 2049, but Z.=50 tells
us that he could not have had more. Similarly Z.=75 indicates
that since ¢ and d, the grand-sire and grand-dam of » were
brother and sister, »# cannot have in any ancestral generation
more than 25 percent of the theoretically possible number of
ancestors for that generation. And so on for the other values
of Z.

In the limiting case of the closest inbreeding possible the suc-
cessive Z’s will have the values given in the following table.

TABLE I.

Values of the Successive Coefficients.of Inbreeding (Zo to Zis)
in the Case of the Most Intemse Inbreeding Possible (Brother
X Sister Out of Brother X Sister Continued).

COEFFICIENT OF| Ancestral Generations| Numerical Value of
INBREEDING. Included. Coeflicient.
Zo 1 0
VAl 2 50
Z2 3 75
Z3 4 87.5
Z4 5 93.8
Zs 6 96.9
Ze | 7 98.4
Zr 8 99.2
Zs 9 99.6
Z9 10 99.8
Z1o 11 99.9
Zn 12 99.95
Z12 13 99.98
713 14 99.99
Z14 15 99.994
71 16 99.997

From this table it is apparent that while the narrowing or
exclusion of the possible different source lines of descent pro-
ceeds very rapidly in the first few generations of brother X
sister breeding, only relatively little change is made by further
generations of this sort of breeding. Thus in seven generations
of brother X sister breeding all but about 1 1-2 percent of the
potentially different ancestral “blood-lines” will have been
eliminated.

The values of the Z’s in Table 1 are maxima: No particular
coefficient of inbreeding can have a higher value than that given
in the table. It is not possible, for example, so to breed any
domestic animal that its pedigree on analysis will give Zs >
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87.5. If therefore, the coefficients of Table 1 are plotted the
result will be the maximum limiting curve of inbreeding.

Inrustration I PaRENT X OFFSPRING BREEDING.

The next illustration of the application of coefficients of in-
breeding will be the general case of back-crossing, that is the
mating of parent X offspring.

The values of the successive coefficients for parent X off-
spring breeding for 16 ancestral generations are given in Table
2.

‘I'ABLE 2.

Values of the Successive Coefficients of Inbreeding in the Case
of Continued Parent X Offspring Mating.

CoEFFICIENT OF|Ancestral Generations| Numerical Value of
INBREEDING. ncluded. Coefficient.

Zo 1 0

Z1 2 25

Z2 3 50

Z3 4 68.75
Zs 5 81.25
Z5 6 89.06
Zs 7 93.75
Z7 8 96.48
73 9 98.05
Z9 10 98.93
Z10 11 99 .41
Z11 12 99.68
Zy2 13 99.83
Z13 14 99.91
Z14 15 99.95
z» 16 99.97

By comparison of this table with Table 1 it is evident that
while the increase in intensity of inbreeding is not so rapid in
the first few ancestral generations by this parent X offspring
type of breeding as with the brother X sister type, by the time
the 1oth ancestral generation is reached the values are, for
practical purposes, the same.

IrLustraTioN III. THE PEDIGREE oF THE JERSEY Cow, BESs
WEAVER (155121).%

Leaving now the hypothetical cases we may consider some
pedigrees of actually existing animals. For a first illustration
of this sort the Jersey cow Bess Weaver may be taken. Her
pedigree through four ancestral generations is shown in pedi-
gree table II.
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i
|

|
o+ No. 35913 & No. 26271 o8 No. 14207 fat
w o Alphea’s Stoke Pogis
& Juno’s Stoke Pogis
No. 14436 Q
Sisera’s Stoke Carlo’s Juno
Pogis
| ™ No. 37346 ? No. 18811
= Duchess Stoke Pogis
] Sisera
F~ No. 6246
2 Edith Darby
=
& No. 79860 Q No. 19350 3 No. 10469
5 Regal Koffee
j Patrick Fawkes
a No. 21574 Q
Kermesse
0 Baltimore
2 No. 17900 Q@ | No.328
o3 Champion’s Son
. w Avoca 2nd No 17769 s
) o. ¢
E Z Avoca
o
& v
2 o+ No. 35913 & No. 26271 & No. 14207 g
-] (4] X X Alphea’s Stoke Pogis
Juno’s Stoke Pogis
No. 14436
Sisera’s Stoke X Carlo’s Juno
Pogis
No. 87346 Q No. 18811 3
X x  Duchess Stoke Pogis
o Sizera
8 No. 6246
é X Edith Darby
" B | No.126626 Q | No. 36382 & | No.19350 @
80 ® Patrick Fawkes
ay General Kelly
No. 95606 Q
(23] Balm
= 2 Kate Weaver
a 8 No. 95606 Q No. 7056 .
v 5] America’s Champion
— — Balm
S S No. 95605 Q
Z z Maid of Gilead 2nd

In the twelfth ancestral generation the theoretically possible
number of different ancestors is 4096. In a relatively long
pedigree, such as arises in dealing with registered cattle, it
would obviously be an extremely tedious business to determine
the value of g by direct counting, as has been done in the
preceding simpler illustrations. The calculation of the coeffici-
ents of inbreeding may be greatly simplified in the case of long
pedigrees by a system of counting which makes the line of

* The illustrations from actual pedigrees used in this abstract are not
the same as those used in the complete paper. The two illustrations here
given are chosen because of their probably greater interest to the Sta-
tion’s constituency.
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descent the unit rather than the individual. 'This system is
used in the above pedigree as an illustration of method, al-
though only 4 ancestral generations are here considered. While
each individual animal which is eliminated because of previous
appearances in a lower ancestral generation is marked with an
X, those at the apex of a line of descent are marked with a
cross within a circle. These latter are all that need to be
counted directly. Their elimination automatically eliminates
their own ancestors. Thus the bull Sisera’s Stoke Pcgis first
appears in the second ancestral generation as the sire of Davy
Stoke Pogis. He next appears (here marked with a cross
within a circle) in the same generation as the sire of Peg
Weaver. He will, by the general rule for coefficients of in-
breeding, not be counted as a “different” ancestor the second
time in this generation. But this automatically eliminates his
two parents in the third ancestral generation, his four grand-
parents in the fourth generation, and so on until in the twelfth
generation 1024 ancestors of Sisera’s Stoke Pogis will be so
eliminated. The same consideration applies in every other like
case. :

Practically then the method of dealing with a pedigree of
this sort is first to go through and indicate in a distinctive way
every primary* reappearance of individuals. Then form a table
on the plan of Table 3, the char\acter of which is so obvious as
not to need detailed explanation.

This table is to be read in the following way: Because of
the reappearance of Sisera’s Stoke Pogis in the 2nd ancestral
generation Bess Weaver has 1 fewer ancestors in that genera-
tion than she would have had in the entire absence of inbreed-
ing; 2 fewer in the 3rd generation and so on. The totals of the
columns of this table are the values, for each generation, of

frn+1—dn41
* By “primary” reappearance in the pedigree is meant a reappearance
as the sire or dam of an individual which has not itself appeared before
in the lower ancestral generations. Thus Patrick Fawkes makes a
primary reappearance in the fourth ancestral generation as the sire of
General Kelly, a bull which is not found in any generation below the
third.
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TaBLE 3.

Working Table Used in Calculating the Coefficients of
inbreeding for Pedigree Table II.

ANCESTRAL GENERATION.
ANIMAL. : ; -
2. ! 3. ‘ 4.
Sisera’s Stoke Pogis... ... [ 1 2 4
Patrick Fawkes.................. - - 1
Balm........covvviiiiivian. - - 1
TOtalS. .+ v verreeannnn 1 l 2 ‘ 6

in (i). These totals, multiplied by 100, have then merely to be
divided by p,,, in order to obtain the successive Z’s. The
wholé operation may be very quickly carried out. It is not
necessary, in fact, to fill out the whole of the later columns of
the table, the entries may be cumulated.

For the present pedigree we have

Zo =0, as always*

100 (1)
= —— =25%
4
100 (2)
Zz:————zzs%
8
100 (6)
Zs=————=237.5%
16

From these values it is seen that in the first four ancestral
generations the cow Bess Weaver is 37.5 percent inbred. This
is a perfectly definite figure, directly comparable with similar
constants for other animals. Of course, if we were to go back
more generations we should find Bess Weaver still more inbred,
that is, the coefficients would grow larger with each case of
the mating of relatives. Since the case is cited here merely for
illustration of method, four generations only are considered.

* The apparent paradox implied in the fact that Z, must always be
zero, or in other words that in the first ancestral generation, considered
alone there is no inbreeding will be cleared up, if it strikes the reader
as paradoxical, by a reconsideration of the general principle numbered
5 on p. 127. The point of course is that it is impossible to say whether
the parents are or are not related to one another until something is
known of their parentage, or in other words, ‘until a second ancestral
generation is considered.
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IrLustrarion IV. Tug PepIGREE oF THE JErRsEy Cow, Frccis
20th or Hoop Farm (190306).

Figgis 2oth of Hood Farm (190300) is a cow which, in
official test for advanced registry, produced as a two year old
437 1bs. 14.4 oz. butter fat. This is a high record. The com-
plete pedigree of this animal has been worked out for 12 ances-
tral generations, and the coefficients of inbreeding calculated.
Twelve generations cover practically the whole of the known
pedigree of this cow. On account of its great length it is
impossible in the space here available to reproduce this pedi-
gree. Nor is it necessary. The inbreeding coefficients in a
quarter of a page give more clear and definite information
regarding the amount of inbreeding practised in the breeding
of Figgis 2oth than could any visual inspection of the pedigree
itself. Furthermore the list of names in ‘T'able 4 shows just
what animals appear more than once in the pedigree, and how
frequent are their reappearances.

Table 4 is precisely the same sort of table for Figgis 2oth
that Table 3 is for Bess Weaver.

In dealing with this and all other pedigrees it is assumed, in
the absence of information on the point and the impossibility
of acquiring any, that any imported animal for which there is
no further pedigree, was not inbred to any degree whatsoever.
This is probably not often strictly true, but, on the other hand,
some assumption must be made, and this puts all individuals on
an equal footing. It is in accord with the principle laid down
earlier (p. 127) that in pedigree analysis all individuals must be
considered to be unrelated until the contrary is proved by the
evidence of their ancestry. After all, the only thing we can
possibly measure is the inbreeding shown in the recorded
pedigree. All that happened prior to the beginning of the
record must be a matter of assumption. The same assumption
should, however, be made for all cases. What this assumption
really means practically is that, in all cases of analysis of actual
pedigrees, which are bound after a time to come to an end, the
values of the coefficients of inbreeding obtained are lower limit-
ing values. They signify that the intensity of inbreeding in a
particular case could not have been /ess than that indicated; it
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may have been more. Whether it was or not is not a question
open to scientific determination but only to speculation.

From this table the following coefficients of inbreeding for
Figgis 2oth are easily calculated.

Zo=0

Zi=o0

Z: = 12.50 percent
Js — 12.50 “
Zi=2188 “
Zs=2500
Zs=3203 “
Z1=3594 *°
Zs = 37.30 ‘
Zo=3799 “
210—38.48 “
Zu:3857 “

These coefficients show that Figgis 2oth was at least 38 1-2
percent inbred. That is, she had rather less than two-thirds
as many different ancestors as she would have had in the event
of no inbreeding whatever. It is further clear that most of this
inbreeding took place in the fourth and earlier ancestral genera-
tions, chiefly in the fourth, fifth, and sixth generations.

Comparing Figgis 2oth with Bess Weaver we see that the
latter is practically as much inbred in the first 4 ancestral gen-
erations as Figgis 2oth is in the first 12. Considering in each
case only the first four ancestral generations the figures show
that, within these generations, Bess Weaver is exactly 3 times
more intensely inbred than Figgis 2oth.

Tur ReLarioN orF COEFFICIENTS OF INBREEDING TO THE
Hereprrary CONSTITUTION OF THE INDIVIDUAL.

What, if any is the relation of coefficients of inbreeding to
the zygotic constitution (i. e., the hereditary make-up) of the
individual? Do the coefficients tell us anything regarding this
matter? A little consideration shows that they do. The suc-
cessive coefficients of inbreeding indicate the rate and degree
to which the possible number of different hereditary unit factors
present in the ancestry is subsequently reduced as a result of
inbreeding. They give no indication of the condition in which
the remaining factors are present (i. e., whether in homogygous
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TABLE 4.

113,

Working Table for Calculating the Coefficients of ]nbree'ding

of Figgis 2oth.

ANCESTRAL GENERATIONS.
ANIMAL. |
3. | 4. | 5. 6. 7. 8. | 9.)10. 11, ‘ 12
Sophie’s Tormentor............. 1 2 4 8 16| 32, 64| 128| 256 512
Ida’s Stoke Pogis............... - - 1 2 4 8| 16| 32 64 128
Catono, ......oovieiii. - - 1 2 4 8 16| 32| 64 128
Rosabelle Hudson. . ............ - - 1 2 4 8 16| 32| 64 128
Khedive......ooooviviiiii - - - 1 2 4, 8 16| 32 64
Young Faney.................. - - - 1 2 4 8 16, 32 64
Stoke Pogis 3rd . .. ............. - - - - 1 2 4 8| 16 32
Marjoram...................... - - - - 1 2 4 8| 16 32
Lord Lisgar.................... - - - - 1 2 4 8 16 32
Tormentor..................... - - - - 1 2 4 8| 16 32
Oonan...............ooiuinn. - - - - 1 2 4 8| 16 32
- - - - 1 2 4 8| 16 32
- -] - - 1 2 4 8 16 32
- - - - 1 2 4 8 16 32
- =] -1 = 1 2 4 8] 16 32
- = =1 - -1 2 4 8 16
Lisgar - - - - - 1 2 4 8 16
Victor Hugo. - - - - - 1 2 4| . 8 16
Roxbury...................... - - - - - 1 2 4 8 16
Gen'lScott.................... - = -t -1 - 1 2 4 8 16
UTOPB s o v v v evennnrinenns - - - - - 1 2 4 8 16
Europa.. .ooveenneiiniineniin.. - - - - - 1 2 4 8 16
Mollie.o.vvvenn et - - -1 - - 1 2 4 8 16
Sir Charles............... e - -1 -1 - - il 2 4/ 8 . 16
haros’. ............. .. ... ..... - - — - - 1 2 4 8 16
Clement....................... - -] -1 =1 =] = 1 2 4 8
ebe...... ... - -1 - - - - 1 2 4 8
Lady Mary.................... - - - — - - 1 2 4 8
Fancy......................... - -0 =1 = =1 - 1 2 4 8
SirCharles..................... - - - - - - 1 2 4 8
Mary Lowndes. ................ - - - - - - 1 2 4 8
Vietor............oooiiiiiinn - - -] - - - 1 2 4 8
Potomac...................... - -1 -] - - - - 1 2 4
Splendid - - - - - - - 1 2 4
Saturn . - - - - - - - 1 2 4
Saturn. - - = _ — _ ~ 1 5 1
Rhea.. . e T e S 1 2 4
Countes: - -] = - - - - 1 2 4
Dick Swiveller, Jr -1 -] = - - - - 1 2 4
ountess. . .................... - - - - - - - - 1 2
aintor.. ......... .. ... ... - - - - - - - - 1 2
Comus. ..........oovvvninn, - - - - - - - - 1 2
Comus. .........covvvvinniinn. - - - - - - - - 1 2
St.Clement,................... - - - - - - - - 1 2
JOT. - - - - - - - = 1 2
Caar. . ..oveei i - - - - - - - - 1 2
Countess...................... - -] - I T e 1 2
Dick Swiveller. ................ - - - - - - - - 1 2
OVE.. vt v e - - - - - - ~- ] = 1 2
Diana......................... - - - - - - - - - 1
Custard..................0.... - - - - - - - - - 1
Prince John.................... - - - - - - -~ - - 1
Splendens. .................... - - - - - - - 1
Totals.....oooveei. ... 1l 2 | 71 16' 41! 92| 191| 389| 788| 1,580
|

or heterozygous condition). The meaning here will be clear if
a concrete example is considéred. When one brother and sister
mating is made 50 percent of the maximum possible number of
different ancestors is eliminated. It is at least readily conceiv-



THE MEASUREMENT OF THE INTENSITY-OF INBREEDING. 137

able, if indeed it cannot be said to be highly probable, that no
two individuals among higher animals and plants are exactly
alike in zygotic constitution when all hereditary characters are
taken into account. This means, in last analysis, that each indi-
vidual must differ from every other by at least one unit factor,
possibly more. Once mating of brother and sister will diminish
the number of such differences by 50 percent from what it
would have been had no such mating occurred. The number of
homozygous individuals with respect to the hereditary differ-
ences remaining, however, will not increase. This is practically
equivalent to saying that while self-fertilization increases the
proportion of individuals homozygous with reference to all
characters, the closest inbreeding other than self-fertilization,
if continued, increases the proportion of characters with respect
to which all individuals are homozygous. Thus while both pro-
cesses tend towards uniformity in the progeny, it is a different
kind of uniformity obtained in a different way, in the one case
from what it is in the other.

While in the above discussion only brother X sister mating
is mentioned it is clear that the same reasoning applies regard-
ing the meaning of the coefficients of inbreeding in all other
types of mating.

There are other theoretical relations of inbreeding coefficients
which are of interest, but to discuss them in detail here is not
possible.

CoNcLUDING REMARKS.

In this paper has been presented in abstract a general method
of measuring the intensity or degree of the inbreeding prac-
tised in any particular case. The method proposed is shown to
be perfectly general. It is based on no assumption whatever
as to the nature of the hereditary process. On the contrary
it is founded on the most completely logical and comprehensive
definition of the concept of inbreeding that it seems possible to
formulate. This is, in simplest form, that the most funda-
mental objective criterion which distinguishes an inbred indi-
vidual from one not inbred is that the former has fewer differ-
ent ancestors than the latter. It is believed that the proposed
coefficients of inbreeding may be made extremely useful in
studies of the problem of the effect of inbreeding; whether in
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relation to its purely theoretical aspects, or in the practical fields
of stock-breeding and eugenics.

Table Showing the Maximum Possible Number of Diﬂ”e}'ent
Ancestors in the First Twenty Ancestral Generations (Obli-
gate Bisexual Reproduction).

ANCESTRAL Maximum Possible ANCESTRAL Maximum Possible
GENERATION. Number of Ancestors. GENERATION. Number of Ancestors.
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Birds-eye View of the Poultry Plant of

the Maine Agricultural Experiment Station.







BULLETIN No. 216.

POULTRY NOTES 1911-1913.
By RavymMonND PEARL.

The purpose of this bulletin is twofold. Its first object is to
present descriptions of new methods of management, appliances,
etc., which have been put into operation on the Station poultry
plant, and found to be useful and practical for poultrymen in
general. In connection with the investigations in breeding,
which constitute the chief work of the Station with poultry,
constant effort is made to discover better methods of managing
and caring for the birds at all stages of their life history. The
results of these practical studies and tests have no place in the
reports of the scientific work on breeding. Therefore they are
provided for in these Poultry Notes.

The second purpose of this bulletin is to present in brief
abstract and in popular form the results of such technical
studies on poultry as have not been, and will not be, published
in other bulletins from the Station. The original technical re-
ports are published in full in various scientific journals. They
are not available for distribution by the Station.

Tur VALUE, METHOD OF PRESERVATION, AND Economrcar Tsk
or HEN MANURE.

One of the most valuable by-products of any live-stock
industry is the manure. Its proper care and use is one of the
distinguishing features of a successful stock farm. The high
nitrogen content of poultry droppings makes them in certain
respects the most valuable of farm manures. At the same time
this quality necessitates special treatment to preserve the nitro-
gen and utilize it economically.

According to experiments carried on at this Station some
years ago* the night droppings average 30 pounds per hen
per year.

*Woods C. D. and Bartlett, J. M. Ann. Rept. Me. Agr. Fxpt. Sta.
1903, DD. 19G-204.
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They contain .8 pound of organic nitrogen, .5 pound of
phosphoric acid and .25 pound of potash. At the present price
of fertilizers this material would be worth about 20 cents. No
data are available on the amount of day-voided dung. Since
the hens spend less than one-half their time on the roosts, and
since more dung is voided while the birds are exercising than
when at roost, the authors estimate that during a year probably
45 pounds of dung are voided by each bird while off the roost.
Allowing that more than one-half of the fertilizing elements
of the day dung are necessarily lost, the value of the total
droppings, if properly cared for, should be at least 30 cents
per bird per year

The poultryman or farmer who properly cares for the drop-
pings can add a neat further profit to his business. For exam-
ple the droppings from 1000 birds, if preserved without need-
less loss, will be worth at least $300.

Poultry manure contains more nitrogen than other farm
manure, because in birds the excretion of the kidneys is voided
in solid form (uric acid), with the undigested portions of the
food. This form of nitrogen is easily available to plants. Un-
fortunately, however, it is not stable. Putrifactive processes
easily change it to ammonia compounds, and unless special
care is taken of the droppings one-third to one-half of the
nitrogen passes off as ammonia gas.

The mechanical condition of poultry manure is poor. As
Storer* says: “It is apt to be sticky when fresh and lumpy
when dry.” On this account, if used untreated, it can only be
successfully applied to the land by hand, as it does not work
well in drills or spreaders. Hen manure used alone is very
wasteful of nitrogen as it carries this element in too large a
proportion to its phosphorus and potassium.

In the experiments referred to above the problem undertaken
by Woods and Bartlett was the determination. of a method of
treatment of hen manure which would first prevent the loss of
nitrogen; second, add sufficient phosphorus and potassinm in
forms available for plant food to make a balanced fertilizer;
and third, so improve the mechanical condition of the dung that
it can be applied to the land with a manure spreader. Seven

*Storer, F. H. Agriculture in Some of its Relations with Chemistry.
Chas. Seribner’s Sons, New York, 18gg, Vol. 1.
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different methods of treatment were tested. The authors give
the following summary of their results.

“By itself, hen dung is a omne-sided nitrogenous fertilizer.
As usually managed, one-half or more of its nitrogen is lost,
so that as ordinarily used it does not carry so great an excess
of nitrogen. Because of its excess of nitrogen it will be much
more economically used in connection with manures carrying
phosphoric acid and potash. As both acid phosphate and
kainit prevent the loss of nitrogen, it is possible to use them.in
connection with sawdust or some other dry material as an
absorbent (good dry loam or peat will answer nicely) so as to
make a well balanced fertilizer. For example, a mixture of 30
pounds of hen manure, 10 pounds of sawdust, 16 pounds of
acid phosphate, and 8 pounds of kainit would carry about .25
per cent nitrogen, 4.5 per cent phosphoric acid, and 2 per cent
potash, which, used at the rate of 2 tons per acre, would fur-
nish 50 pounds nitrogen, 185 pounds phosphoric acid, and 8o
pounds potash.”

At the present price of fertilizing ingredients this mixture
is worth about $10.00 per ton. It is a well balanced, stable,
fertilizer which, while still not fine enough to work well in
~ drills, can be successfully applied with a manure spreader.

The kind of absorbent used should be the one which can
be obtained at least cost, since the amount of plant food added
by any of those suggested is negligible, and since they are about
equally effective as dryers (the slight acidity of peat gives it
some advantage as it helps a little to preserve the nitrogen).
It is probably that one of the three can be obtained by any poul-
tryman or farmer at little or no expense.

‘The absorbent and the acid phosphate and kainit should be
kept conveniently at hand and each day when the droppings
are collected they should be treated. It may be best to weigh
the ingredients a few times, after which it will be possible to
make sufficiently close estimates by measure. :

The treated droppings should he well sheltered until time to
apply them to the land, i. e, shortly before plowing. Any form
of shelter may be used. For a temporary plant, or for a small
farm, a small wooden building or a bin in a larger building will
probably be the best place practicable; but for a large, perma-
nent poultry plant a cement manure shed or tank is advisable.
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A general farmer also will find such an equipment for the
storage of all farm manure a paying investment. A portion of
this shed can be partitioned off for hen manure.

A properly constructed cement building will not have to be
coﬁstantly repaired and frequently replaced like a wooden
structure, which rots out quickly when used for the storage of
manure. The cement building is water tight, preventing the
entrance of water from without and the escape of any unab-
sorbed liquid manure. It is, in fact, a perfect permanent shel-
ter.

Tre Niw Maing StarioN MANURE SHED.

Last fall (October 1912) this Station built at its poultry plant
a manure shed large enough to accommodate the dreppings
from one thousand adult birds, over a period of a year, and the
droppings collected from the range where about three thousand
chicks are annually reared.

The inside measurements of this shed are 12x7 feet. It is
5 feet high at the eaves and 8 feet 2 inches to the peak of the
roof. It is illustrated in figures 58 and 59.

The droppings are thrown into the shed through trap doors
in the roof, and taken out from one end, which is of removable
plank. The other three walls, and enough of this end wall to
form the grooves which hold the ends of the planks; the floor;
and the foundation are formed of one continuous cement mass
(monolithic construction). The gables are board. The gable
at the open (plank) end of the shed is removable to give more
head room, when shoveling the manure into carts. Tt is held
in place by hooks.

It was necessary to place this building on a very heavy clay
soil which heaves badly with frost. For this reason it was
placed on a much deeper foundation than would be necessary in
a more favorable location. The foundation is a solid block of
cement and rock, the size of the outside measurements of the
shed and extending five feet below the surface of the ground.
It was made by using as many rocks and as little cement as
was consistent with the formation of a firm solid mass. For a
few inches near the top, however, clear cement was used and
this was smoothed off at ground level to form the floor. At the
edges of this foundation the cement was continued up into the
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wall forms which were built so that the walls are ten inches
thick at the base and six at the top.

An iron bar ending in a ring was set in the cement near the
top of the wall at each corner of the building. These rings pro-
ject a few inches from the end walls. The roof is firmly se-
cured to the walls by bolts passing through it and through
these rings.*

*This is an awkward and unnecessary arrangement, and was only
used through a misunderstanding on the part of the builder.
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As stated above the larger part of one end of the shed is
plank. The cement wall is continued on this end only far
enough from either corner to provide a place for the slot into
which the planks are slipped. This slot is formed by a groove
two inches deep and a little more than two inches wide in each
end of the cement wall. See Figs. 58 and 59. These grooves
were formed by placing angle iron posts within the board forms.
- This completes the description of the cement work in the
building.

The removable end is of two inch planks which are slipped
into the above described slot in the cement wall.

The plates and rafters are of 2x4 timbers. Inch boards were
used for roof boards, gables, etc. The gable on- the plank end
is removable. It is held in position by hooks and is provided
with a handle in the center.

The roof is covered with roofing paper. In one side are
two trap doors also covered with this roofing. Fach of these
doors is 2 feet 4 inches x 2 feet 10 inches and fits over a frame
in the roof, to which it is hinged at the top. The end of a lath
is attached by a double screweye hinge to the inside of each
door at the right edge about half way from bottom to top. The
edge of this lath is provided with notches which hook over a
nail on the inside of the door frame. When hooked this lath
holds the door open. A 2x4 strip is nailed across the inside
of each door frame a little more than half way from bottom
to top. This serves as a rest for the basket when droppings are
emptied into the shed.

This shed is placed at the end of the line of poultry houses.
The wide raised walk which extends along the entire front of
the houses is continued past the shed as a 2-foot walk. Between
the last poultry house and the shed the walk is built on an in-
cline so that at the end of the shed it is only 1 foot 8 inches
from the eaves. This is a convenient height from which to
reach the doors with the baskets of droppings.

The Cost of the Shed.

The itemized cost of this shed is as follows:

Cement ...t e $45.60
Gravel ....oiii i 20.00
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2X4 HMDEr ... 13.00
2in. plank L. 1.20
Finishings ... it 10.00
Roofing ..ot 8.co
LabOr vt e 70.00

$185.50

7y z—

Fig. 59. A. Cross section of manure shed, showing dimensions and
plan of construction. B. Horizontal section of front, showing planks
in the grooves in the cement walls,

" On many large poultry plants little or nothing is received for
the manure. Probably few poultry plants save more than one-
half the fertilizing elements possible, if proper methods of
treatment and shelter were used. 1f the droppings are treated
by the methods described above, and are kept properly sheltered,
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the saving on any large poultry farm would in I to 3 years
easily equal the cost of a permanent shed similar to the one
here described.

A CrREMATORY FOR DEAD POULTRY.

On every poultry plant and around every farm there are
bound to occur from time to time a greater or less number of
deaths of chickens and adult fowls from disease or other natural
causes. The disposal of these dead bodies offers a problem to
the poultryman, the correct solution of which may in many
cases become a very important matter. This is especially true
in the cases of death from contagious diseases, which include
a considerable proportion of the deaths of poultry generally.
The method usually practiced by the farmer and poultryman
for the disposition of dead carcasses is insanitary in the ex-
treme. To throw the dead bodies on the manure pile is to in-
vite the spread of disease on the plant. Burying is far from
being a satisfactory way of dealing with the matter for two
reasons. Unless the grave is dug deep, which costs a good deal
of time and labor, there is considerable likelihood that dogs or
other marauding animals will dig out the carcasses, and, after
feeding on them, scatter the remains around on the top of the
ground. Furthermore, burying cannot be resorted to at all
during the winter months when the ground is frozen.

The only really sanitary method of dealing with dead bodies
is to incinerate them. The difficulty of following this plan in
practice is that the farmer or poultryman usually does not have
any suitable source of heat ready at hand at all times. To be
sure, during certain seasons of the year, those poultrymen who
employ large brooder houses with a hot water heating system
have a furnace in operation, and the dead chicks can be burned
up in the furnace. This, however, covers only a part of the
year. At other times resort must be had to burying or some
other means of disposal, as the poultryman is not likely to
fire up a large furnace for the sake of burning a few dead
birds.

At the Station plant it has been felt for some time that it
was desirable to have a small crematory conveniently located,
and so easy and economical of operation that dead birds could
be disposed of immediately, with a minimum amount of trouble
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and labor. To meet this requirement there has recently been
devised the small crematory here described. The construction
was carried out with the idea of keeping the first cost as low as
possible, in order that there should be nothing about it which
any poultryman or farmer could not easily afford to duplicate.
As a matter of fact, the cost of materials for the crematory
here described was less than ten dollars. The labor was done
by the poultryman and his assistant at odd times, when an
hour or two could be spared for this work. The result is,
therefore, not beyond the reach of any poultryman or farmer.
At the same time the crematory is so satisfactory in operation
that anyone who builds one will wonder, after he has completed
and used it for a time, why he did not long before have so
simple and sanitary an adjunct to his plant.

The crematory shown in Figure 60 is very simple in construc-
tion. It consists essentially of a cement base or fire box, bear-
ing on its top a series of grate bars which are in turn covered
by a cremating box or oven in which the material to be incin-
erated is placed.

The crematory here described is sufficiently large to take
care of all the needs of a plant carrying 1000 head of adult
stock, raising 3000 to 4000 chickens annually, and in which a
good deal of anatomical and physiological research is going on,
necessitating a much larger amount of waste animal material
than the ordinary commercial poultryman would have. There-
fore, it is doubtful if it would be necessary in any but the very
largest commercial plants to build a larger crematory than the
one here described.

In building this an excavation was first made for the base,
in which a lot of loose stones and gravel were placed, in order
to secure adequate drainage below the cement. On top of this
the cement base and fire box were made.

This base consists essentially of a rectangular box made of
cement, open at the top, and with a small opening in front
through which the fire is fed and which serves as a draught.
The walls are about 6 inches thick. The outside dimensions of
the fire box base are 3 feet, 4 inches by 2 feet, 6 inches. The
inside dimensions of the fire box are 2 feet, 3 inches by 1 foot,
9 1-2 inches by 1 foot, 4 inches. Across the top of the fire box
there were laid, while the cement was still soft, some old grate
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bars from a small steam boiler, which had been discarded and
thrown on the dump heap. These were set close together and
held firmly in place when the cement hardened. They form the
grate on which the material to be incinerated is thrown. These
old boiler grate bars, besides costing nothing, had another ad-
vantage ; namely that of their thickness and weight. When they
become thoroughly heated from the fire below they will hold the
heat for a considerable time charring and burning the animal
material above.

Fig. 60. Photograph of crematory described in text. Note cement
base, with opening in front into fire box; galvanized iron cremating
box on top; cover of cremating box.

The incinerating chamber proper was made from galvanized
iron by a local tinsmith. This consists of a rectangular box
having the following dimensions: ILength 2 feet, 2 inches;
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width 1 foot, T0 inches; height 1 foot, 6 inches. In the top of
this is cut a round hole, 12 inches in diameter which is pro-
tected by a hinged cover 15 inchés by 14 1-2 inches. This
galvanized box has no bottom. It is placed on top of the grate
bars, and held firmly in place by cement worked up around its
lower edges. At the back end of this iron cremating box is an
opening for a stove pipe, which is necessary in order to give the
proper draught. - It is found in practice that only a short piece
of stove pipe is necessary to get sufficient draught to make a
very hot fire, which entirely consumes the birds in a few hours.
The funnel may best be left removable so that when the crema-
tory is not in use it can be taken off and stored inside the
wooden box, which then sets over the galvanized iron portion
to protect it from the weather.

It is important in locating a crematory of this kind to plan
matters so that there will be.good drainage from around it.
In particular pains should be taken to insure that water does
not run into the firebox and freeze during the winter.

In operation the apparatus works as follows: Dead birds
are thrown into the incinerating chamber through the opening
in the top and the lid closed, while a wood fire is burning in the
fire box below. The aim should be to use dry wood and get a
quick and very hot fire. This first roasts the material and then
chars it, and finally reduces it to fine ashes.

AN IMmproveED Raxce Frep TRroucH.

The type of slatted feed trough used here in feeding growing
chickens on the range, and described in “Methods of Poultry
Management at the Maine Stations” (Circular 471), is open to
certain objections. It is very difficult to keep the grain dry in
it in wet, stormy weather. Furthermore, the fact that very
small chickens cannot use this type of trough entails additional
labor. There must be flat boards with narrow rims for the very
young chickens in addition to the range troughs for the older
chicks. An improved range trough devised by the Station poul-
tryman, Mr. Frank W, Tenney, obviates hoth of these disad-
vantages and has other points to recommend it. The essential
features of this trough are shown in Figs. 61 to 63. The im-
provements consist, first, in making the slatted front of the
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trough removable as a whole, leaving then a flat board bottom
with a rail in front of it an inch high to hold the grain in place.
With the slat front removed the trough duplicates the condi-
tions of the flat chick feeding board, used by many poultry
keepers for feeding chicks during the first two or three weeks
of life. As the chicks grow older this slatted front can be put
on the trough and held in place with the hooks and eyes shown
in the photograph.

A second improvement consists in-hinging the top rather than
making it in one piece and removing as a whole, as was the
case with the older feed troughs at this Station. It will be noted
that this feed trough is open to the birds only from one side.
The reason for this arrangement is that it is designed to place
the feed troughs in holes cut in the longitudinal fences in the
range yards, with the back part of the trough and the hinged
cover extending into a long walk running the whole length of
the range behind the yards. In this. way the troughs can be
filled from the outside without the necessity of going into the
yard, opening gates, etc., thus reducing the labor cost of opera-
tion considerably.

Of course it is entirely possible to make troughs in accordance
with the principle of this improvement, with removable slatted
openings on both sides, to be set down in the middle of the
yards so that the birds can get at the feed from both directions.

The dimensions of the troughs as used here are those given in
the following table. It is, of course, not essential that these
dimensions be absolutely followed in building feed troughs ac-
cording to this principle, particularly the length dimensions.
The dimensions of the boards forming the roof, however, and
their angle, are of more or less importance since actual trial
has shown that when built as here pictured and described the
grain will keep dry in the trough even in driving showers or
storms. A strip of canvas keeps the hinged joint of the roof
dry.

Dimensions of Feed Trough.

Length ... oot 8 ft. 4 inches
Height to peak ................ e 1”6 ?
Width at bottom ........c.vviiivnreniananns 3 ”
Width at widest point .................. . ¢t 7
Height of front opening .................. 128 7

Width of roof boards (front and back same) II ”
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Fig. 61.

Front view of feed trough, with slats in place.

For largechickens.



Fig. 62.

Front view of feed trough with slats rem oved and laid
condition for the use of very small

across top.

chicks.

This trough is now in
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NaATURAL ENEMIES OF POULTRY.

One of the chief difficulties that the poultryman has to con-
tend with is the continued loss of chicks, and sometimes even of
nearly full grown birds, as a consequence of the depredations

Fig. 63. End and top view of trough with cover open and slatted
front removed. Note hook which holds front in place.

of natural enemies. It is safe to say that the magnitude of the
loss from this source is not anything like fully realized by any
one who has not kept an accurate account of all his birds. In
the experimental breeding work with poultry at the Maine
Station it is necessary to keep account of every bird on the
plant. It has, therefore, on this account been possible to check
up and form an adequate estimate of.the losses due to the
creatures that prey upon poultry. A good deal of attention has
been devoted to the problem of how these losses may be cut
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down and the results of this experience may be of benefit to
other poultry keepers.

In the experience of this Station the most destructive natural
enemy of poultry in the long run has been found to be the
crow. The depredations of the hawks are more spectacular
perhaps, but in the long run far less destructive. A hawk will
only visit a poultry yard occasionally, and especially if he is shot
at once or twice will be very wary about approaching it again.
On the contrary the crow is a steady and persistent robber. He
will continue his depredations just as long as it is physically
possible for him to do so. While there may be some doubt as to
whether crows are beneficial or harmful as regards other phases
of agriculture, there can be no question that, so far as the
poultry man is concerned, the only good crow is a dead one.
For a number of years the crows killed and either carried
away, or left behind partly eaten, a large number of chicks on
the Station poultry plant. The losses were not by any means
confined to the small chicks, but half grown birds, each nearly
equal in weight to the crow itself, were killed, partly eaten, and
left behind on the range.

One after another all the devices which had been suggested
by others, or could be thought of by those in charge of the
poultry work, were tried in order to stop these ravages. In a
single year the crows destroyed something over 500, chicks.
One important reason for these heavy losses is the location of
our poultry range. It borders upon a pine forest in which the
crows congregate in great numbers. In the case of a range
farther from the woods, the losses, without protection, would
not be nearly so heavy. Various sorts of “scare-crows” were
tried but with no effect whatever. Dead crows were hung up
on stakes about the yards as solemn warnings to their fellows,
but instead of operating as warnings they appeared rather to
serve as “invitations to the dance.” Decoying the birds in
various ways so that they might be shot was tried, but with
very slight individual success and no substantial effect on the
steady losses. Poisoning is reported to have been used with
success in other places, but has never been tried on the Station
plant. It is doubtful whether it is justifiable, save under very
exceptional circumstances. The point is that it is difficult to
manage affairs in such way as to insure that only the crows
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will get the poison. There are so many useful and valuable
animals about the farm that easily might get the poison before
the crow did, with a resulting loss greater than that caused by
the crow, that it would seem wise to resort to poisoning only
"when it can be done under well controlled conditions.

The plan which has finally been adopted at the Station poul-
try plant for dealing with crows is one which is perfectly safe
and sure in its operation. It consists simply in running strands
of binder twine about two feet apart over the whole of the
poultry range occupied by the young birds, until they reach such
size that they are able to take care of themselves. These strings
are run over the tops of the brooder houses, and on supports
made by cross strands of either wire or two or three strings
of binder twine twisted together. These cross strands are held
up where necessary by posts. The whole network of strings
thus formed is put at such height that the attendants in working
about the yard, will not hit the string when standing upright.
The area covered in with strings in this way on the Station
poultry plant is usually about 3 acres per year. The expense
of covering this area is from $15 to $20 for twine. The labor of
putting it up is comparatively small. It forms a perfect and
complete protection against both crows and hawks.

The appearance of the range when covered with strings is
shown in figure 64.

Next in importance to the predaceous birds, as poultry ene-
mies, stand the rats and the foxes. In times past foxes have
destroyed many chickens from the Station’s poultry plant. Of
late years, however, none has been lost. The protection is af-
forded by a fox proof fence surrounding the whole plant. Rats
may become a very serious pest. They live under the brooder
houses and take the young chicks. Various methods have been
tried at the Station, but no wholly satisfactory way of dealing
with rats has yet been found. Trial was made some years ago
of one of the most widely advertised of the bacterial rat de-
stroyers, which when fed to rats is supposed to induce a dis-
ease which kills them all. No effect whatever was observed to
follow the use of this preparation. The rats ate freely of grain
which had been moistened with it and if any disease developed
as a consequence it has not yet benefited us, or perceptibly in-
conven‘enced the rats. Digging the rats out of their holes



Fig. 64. Showing

poultry range in 1013 covered with strings two feet apart, as a protection
against crows and other predaceous birds.
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and shooting them is one effectual method of dealing with them.
Several good cats on the place also aid materially in fighting
this pest. A systematic trapping campaign is proluctive of
good results. It must, however, be continued without interrup-
tion over a considerable period of time. Desultory trapping pro-
duces little effect on the rat population. A thorough-going
campaign, however, tends to drive the uncaught rats away from
the premises.

GreeEN Foop ror PoULTRy.

During recent years an increasing amount of attention has
been paid by poultrymen everywhere to the furnishing of green
food to their fowls during the winter months, when it is im-
possible, in northern parts of the country, at least, for the birds
to get fresh succulent pasturage out of doors. General experi-
ence seems to teach that an addition of green succulent food
to the ration of laying hens tends to keep them in hetter physi-
cal condition and helps towards a better egg production. On the
poultry plant of the Maine Station considerable attention has
been given to this matter of supplying green and succulent food
and as a result of experience extending now over a number of
years, a satisfactory scheme of furnishing this necessary part
of the ration under our conditions has been worked out.

To be satisfactory not only must the green food given to
poultry be of the proper kind to give good results in egg pro-
duction, but also it must be something which can be produced
and handled at small cost. Furthermore a factor which is fre-
quently lost sight of is that fowls need sdrn‘esthing besides
succulence in their so-called “green” food. There is a distinc-
tion between a succulent fodder and a “green food” in the strict
sense. One can supply succulence in the form of root crops
such as mangolds. A careful consideration of the case, however,
indicates that apparently the fundamental need of the fowls is
not for succulence as such, but rather for the tonic effect which
is produced by green plants, probably primarily because of the
presence of chlorophyll. In feeding fowls for high egg produc-
tion it is neessary that they be given a ration rich in protein.
Only fowls of strong constitution, and with thoroughly sound
digestive systems, can handle the heavy laying rations carrying
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meat scrap and oil meal, which are now so widely used by poul-
frymen for egg production with successful results. On these
heavy rations there is always a tendency for the birds’ livers to
become impaired in function, and ultimately to become enlarged
and diseased. As the matter has been studied here it would
appear that one of the chief functions of green food in the
ration is to counteract this tendency of the digestive system,
and especially the liver, to break down under the strain of
handling heavy laying rations over a long period of time. It
would appear that the green food given to poultry acts pri-
‘marily rather as a mild tonic than as a food in the proper sense,
There seems to be very little of this tonic effect produced from
succulent non-green foods like mangolds.

The practical problem then becomes to devise a system which
shall insure a supply of green food for the birds at all seasons
of the year. The following system of rotation in the green
food supply has been in use for several years on the poultry
plant here with satisfactory results. It should be said that,
owing to the small area of ground available for the poultry
work at the Station in relation to the number of birds it is
necessary to carry, green food must be added to the ration prac-
tically throughout the year, not only for the adult fowls in the
laying houses, but also for the chicks growing on the range.

Beginning in the early fall when the pullets are put in the
laying house they are given green corn fodder cut fine in a
fodder cutter. Stalks, leaves and ears are cut together in pieces
averaging about 1-2 inch in length. The birds eat this chopped
corn fodder greedily. It is one of the hest green foods for
poultry that we have yet been able to find. TIts usefulness is
limited only by the season within which it is possible to get it.
The feeding of corn fodder is continued until the frost kills the
plants.

When the corn can no longer be used cabbage is fed. The
supply of this usually lasts through December. In the event
of the supply of cabbage failing before it is desirable to start
the oat sprouter* the interval is filled out by the use of man-
golds. From about January 15 to May 15 green sprouted oats

*For description of the method of sprouting oats used at the Station
see “Methods of Poultry Management at The Maine Agrlcultural Ex-
periment Station.” ' Circular 471. pp. 50-54.
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from the source of green food. From about May 15 until the
corn has grown enough to cut, fresh clover from the range is
used. During the summer the growing chicks on the range are
given rape (Dwarf Fssex) and green corn fodder cut as de-
scribed above, to supplement the grass of the range, which
rather rapidly dries out and becomes worthless as a source of
green food under our conditions. The very young chicks in the
brooders are given the tops only of green sprouted oats chopped
up fine.

Dwarf Essex rape is an excellent source of green food for
poultry but it must be fed with great caution to birds which are
laying because if eaten in any considerable amounts it will
color the yolks of -the eggs green, with disastrous results in
the market.

TECHNICAL STUDIES ON POULTRY ALREADY PUBLISHED.

A considerable portion of the more technical scientific work
of the department of biology of the Station, which has in
charge the work with poultry, is published in current biological
journals, not readily accessible to the agricultural public. It
is the purpose of the present section of this bulletin to give
briefly the essential points brought out in certain of these techni-
cal studies which have been published during the period cov-
ered by the present bulletin.

HOW THE WHITE OF THE EGG IS MADE.*

The oviduct of a laying hen is divided into five main parts,
readily distinguishable by gross observation. Beginning at the
anterior end of the organ.these parts, in order, are: (a) the
infundibulum, or funnel, (b) the albumen secreting portion,

*This is an abstract of a more extended paper by Raymond Pearl
and Maynie R. Curtis having the title “Studies on the Physiology of
Reproduction in the Domestic Fowl. V. Data regarding the Physiology
of the Oviduct,” published in the Journal of Exper. Zodlogy, Vol. 12,
pp. 99-132. 1012 :
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(c) the isthmus (d) the uterus or “shell gland” and (e) the
vagina. These parts are shown in Figure 65.

Fach of these parts is generally supposed to play a particular
and exclusive role in the formation of the protective and nutri-
tive envelopes which surround the yolk in the complete egg as
laid. 'Thus the funnel grasps the ovule at the time of ovulation;
the glands of the albumen region secrete the different sorts of
albumen (thick and thin) found in the egg; the shell mem-
branes are secreted in the isthmus; and finally the glands of
the uterine wall secrete the calcareous shell. This is in brief,
the classical picture of the physiology of the oviduct.

For some years past experiments and observations have
been systematically carried on in the Biological Laboratory of
the Maine Station with the object of acquiring a more extended
and precise knowledge of the physiology of the hen’s oviduct
than is to be gained from the literature. It is the purpose here
to present a certain part of the results which have been ob-
tained regarding the physiology of two of the lower divisions
of the duct, namely the isthmus and the uterus. Our results
indicate that these portions of the oviduct perform certain
functions which have not hitherto been observed or described.

So far as the existing literature indicates, the opinion has
been held by all who have worked upon the subject that the
particular functional activity of each portion of the oviduct
(as above described) is limited to that portion. Thus it is
commonly held that when an egg in its passage down the oviduct
leaves the albumen portion it has all the albumen it will ever
have; when it leaves the isthmus it has all its shell membrane;
and when it leaves the uterus all its shell. On this prevailing
view there are in the albumen portion only albumen secreting
glands, in the isthmus only membrane secreting glands, and in
the uterus only shell secreting glands. The entire truthfulness
of this assumption was first made doubtful by the observation,
frequently made in connection with routine autopsy work, that
(a) eggs in the isthmus with completely formed shell mem-
‘branes, and (b) eggs in the uterus, bearing in addition to the
complete shell membranes a partially formed shell, weighed
considerably less than the normal average for laid' Barred Ply-
mouth Rock eggs. This observation led to an inquiry as to
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Fig. 65. Photograph of a hen’s oviduct which has been removed,
slit longitudinally throughout its length and opened out flat in order to
show the gross anatomy. In order to get the whole duct on the photo-
graphic plate it was necessary to transect it at about the middle. A4,
the infundibulum. Note muscle fibers in wall and absence of any ex-
tensive gland development. B, albumen secreting portion; note heavy
glandular development. The albumen portion ends and the isthmus
begins at x. The line of demarcation is very distinct in the freshly
prepared oviduct. C, the the isthmus. D, the uterus or shell gland.
E, the vagina. About one-third natural size.
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whether this apparently lower weight of presumably completed,
but not laid eggs, as compared with those which has been laid,
was a real phenomenon of general occurrence, and if so to
what it was due. Does the egg increase in weight after the for-
mation of shell membranes and shell merely by the absorption
of water or by the actual addition of new albumen?

Observations and Experiments.

In the normal egg of the hen there are certainly three and
possibly four different albumen layers which can easily be dis-
tinguished on the basis of physical consistency. These are:
(@) the chalaziferous layer. This is a thin layer of very dense
albuminous material which lies immediately outside the true
yolk membrane. It is continuous at the poles of the yolk with
the chalazae, and is undoubtedly formed in connection with those
structures. It is so thin a layer that it might well be, and often
has been, taken for the yolk membrane. (b) The inner layer
of fluid (thin) albumen. 'This layer is only a few millimeters
in thickness and there is some doubt as to its existence as a
separate distinct layer. (c) The dense albumen. This is the
layer which makes up the bulk of the “white” of the egg. It is
composed of a mass of dense closely interlaced albumen fibres
with some thin albumen between the meshes of the fibrous
network. The dense albumen as a whole will not flow readily
but holds itself together in a flattened mass if poured out upon
a plate. (d) the outer layer of fluid albumen. 'This is the prin-
cipal layer of thin albumen, which makes up the fluid part of the
“white” observed when an egg is broken.

In order to determine when and where these different layers
were added to the egg, particularly the last one (d), hens hav-
ing an egg in the oviduct were killed and the location and con-
dition of the egg determined. Many such autopsy records agree
in showing that the egg does not receive the outer layer of thin
fluid albumen (laver d) during its sojourn in the so-called albu-
men secreting portion of the oviduct.

A single illustrative protocol may be cited here. Autopsy No.
301. Hen No. E. 39. July 14, 1900. ‘

When this bird was killed an egg was found at the lower end
of the albumen portion of the oviduct just about to enter the
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isthmus. Not yet having entered the isthmus the egg had no
shell membrane upon it. It consisted merely of a yolk sur-
rounded by albumen. The outermost layer of this albumen
was dense and corresponded to layer ¢ described above. There
was no trace of thin albumen (layer d) on this egg although
it was just on the point of leaving the so-called albumen region
of the oviduct. >

The successive autopsy records reported in the complete
paper show that beginning with an egg 11 cm. away in front
of the isthmus and going downwards in the duct until the actual
boundary of the isthmus is reached, there is no qualitative
change in the albumen secretion. Whatever albumen is added
to the egg immediately prior to the formation of the shell
membrane, is of the dense fibrous variety (layer ¢), so far as
direct observation indicates.

In cases where one-half of the egg lies within the isthmus
and bears a membrane, while the other half is in the albumen
portion and has no membrane, it can plainly be seen that the
shell membrane is deposited directly on the outer surface of
the thick albumen (laver c¢) and that no trace of the thin olbu-
men (layer d) is present at the time the membrane is formed.

A detailed and careful study of the weights of the several
parts of the egg (yolk, albumen, shell membranes) in eggs
taken from different levels of the oviduct, leads to the following
results.

When the egg leaves the albumen portion of the oviduct it
weighs roughly only about a half as much as it does when it is
laid. Nearly all of this difference is in the albumen. Thus
these weighings fully confirm the conclusion reaches from di-
rect examination of the eggs, as already described. The
evidence shows that the egg gets all of its thin albumen
(layer d), which constitutes nearly 6o per cent by weight of the
total albumen, only after it has left the supposedly only albu-
men secreting portion of the oviduct, and has acquired a shell
albumen, and the shell is in process of formation.

The weighings show that in general the farther down the
oviduct the egg proceeds the more albumen it gets. Very nearly
one-half the total weight of albumen of the completed egg is -
added in the uterus, an organ hitherto supposed to be entirely
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devoted to shell formation Clearly much more albumen is
added to the egg in the uterus than in the isthmus. This, of
course, does not necessarily mean any more rapid rate of se-
cretion in the uterus, because of the time element involved. The
egg stays much longer in the uterus than in the isthmus.

The rate of albumen secretion per unit of time as the egg
passed down the oviduct was determined, and was found to be
expressed by a parabola, :

Y==17.59154—.81714—0.4164
in which y denotes percentage of albumen and x time in hours
during which the egg has been in the oviduct. This relation is
shown in Figure 66.

There is scarcely any diminution in the rate of secretion until
nearly the total amount has been acquired by the egg. There is
not the slightest evidence of any break in the rate of secretion
of albumen after the egg leaves the so-called “albumen portion”
of the duct. From the time the yolk enters the upper end of
the “albumen portion” there is a gradual diminution of the rate
of secretion of albumen, giving rise to the parabolic curve. But
there is no sudden change. The egg gets more than half of
its total albumen after it leaves the “albumen portion” of the
duct and it takes this at nearly the same rate as it did the
earlier part.

While the two lines of evidence already presented amply
demonstrate that the “thin” albumen is added to the egg after
it leaves the so-called albumen portion of the duct, it seemed
advisable, because of the novelty of the results, to collect still
further evidence of another kind. This evidence has to do with
the nitrogen content of the albumen in eggs taken from different
levels of the oviduct. '

The point of greatest interest and importance in connection
with these chemical data hinges upon the absolutc amount of
nitrogen in the albumen. Since it is solely the “thin” albumen
layer which is added after the egg leaves the so-called albumen
portion of the oviduct the possibility is at once suggested that
what happens in the lower portions of the duct is not a true
secretion of another albumen layer but merely a taking up of
of water from the blood by osmosis, and a dilution or partial
solution of the “thick” albumen already present. Such a view
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assumes in other words that all that is added to the albumen
after the egg enters the isthmus is water.

Clearly the only way to test finally the vahdlty of this idea is
to make chemical determinations, What the figures from the
analyses show is that the oviduct egg has absolutely less nilro-
gen in its albumen than the normal laid egg of the same hen.
This, of course, is what would be expected if there is an actual
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Fig. 66. Diagram showing what percentage of the total amount of
albumen present in the normal laid egg is present at successive levels
in the oviduct. The smooth curve is the parabola for which the equation
is given in the text.

secretion of albumen by the glands of the isthmus and uterus,
and this secretion is added to the egg. It means that these
oviduct eggs have been removed before they received their full
amount of albumen. If it were the case, on the contrary, that
only water was added to the egg after it left the albumen por-
tion of the duct, it would be expected that the amount of nitro-
gen would be the same in an oviduct egg from the isthmus or
uterus as in the normal laid egg. The chemical data clearly
indicate that there is a definite addition of albumen to the egg
w the isthmus and shell giand and thal the “thin” layer does
not represent solely a dilution of the “thick” layer.
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Summary of Results.

Putting all the evidence together the following account of the
processes by which the hen’s egg acquired its protective and
nutritive coverings summarizes the results of the present study.

I. After entering the infundibulum the yolk remains in the
so-called albumen portion of the oviduct about three hours and
in this time acquires only about 40-50 per cent by weight of its
total albumen, and not all of it as has hitherto been supposed.

2. During its sojourn in the infundibular and albumen por-
tions of the duct the egg acquires its chalazae and chalaziferous
layer, and the “thick” albumen layer.

3. Upon entering the isthmus, in passing through which por-
tion of the duct something under an hour’s time is occupied
instead of three hours as has been previously maintained, the
egg receives its shell membrane by a process of discrete depo-
sition. .

4. At the same time, and during the sojourn of the egg in
the uterus, it receives its outer layer fluid, or “thin” albumen
which is by weight 50-60 per cent of the total albumen.

5. This “thin” albumen is taken in as a dilute fluid by
osmosis through the shell membranes already formed. The
fluid albumen added in this way diffuses intc the dense albu-
men already present, dissolves some of the latter and so brings
about its dilution in some degree. At the same time the fluid
albumen is made more dense in this process of diffusion, and
comes to have the consistency of the thin albumen layer of the
normal laid egg. The fluid albumen taken into the egg by os-
mosis is a definite secretion of glands of the isthmus and uterus.

6. The addition of albumen to the egg is completed only
after it has been in the uterus from 5 to 7 hours.

7. Before the acquisition of albumen by the egg is completed
a fairly considerable amount of shell substance has been
deposited on the shell membrane.

8. For the completion of the shell and the laying of the egg
from 12 to 16, or exceptionally even more, hours are required.
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WOOLLY APHID OF THE APPLE.*

(Schizonewra lanigera)
Epira M. Parcu.

White masses looking like patches of thick mold often occur
on apple trees, especially about pruning wounds or other scars
on the trunk and branches and upon water sprouts. Beneath
this substance are colonies of rusty colored or purplish brown
plantlice known as “woolly aphids” on account of the appearance.
of white covering which is, however, really composed of waxen
filaments. -

The species is common in Maine on hawthorn, mountain ash,
and Baldwin and some other varieties of apple.

It is one of the migratory aphids and passes part of its life
-cycle upon the elm**, as is explained in the following treat-
ment. " It should not however, be confounded with those woolly
aphids found upon alder? and maplet, as the woolly aphid of
the apple cannot live upon those trees.

Harirs ANp GENERAL DisCUSSION.

The woolly aphid occurs upon the apple as a hark feeder
and is found upon branches, roots. and tender places on the
trunk. These insects are covered by a white flocculent waxy
secretion given off as fine filaments through pores in the skin

*Papers from the Maine Agriculturd] Experiment Station: Ento-
mology No. 67.

**There are other elm aphids belonging to this same genus which do
not migrate to apple. Tn order to avoid confusion those are treated in a
separate bulletin soon to he published by this Station.

tPemphigus tessellata (acerifolii.)

tPemiphigus tessellata (acerifolii) and Pemphigus aceris.
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and their colonies are thus readily detected by the masses of
white “wool” which renders them conspicuous. Figs. 68, 69
and 78.

On the roots its attacks induce enlargements and in the
creases of these malformations the root form occurs in clus-
tered masses. The injury to the trees is due both to the suck-
ing up and exhaustion of the vital plant juices and to the
poisoning of the parts attacked, as indicated by the consequent
abnormal growths. Fig. 77.

The damage is particularly serious in the case of nursery
stock and young trees and is less often important after the tree
has once become well established and of some size, though it
may be troublesome then, too. Where this insect is abundant
all the roots of a young tree to the depth of a {oot or so hecome
clubbed and knotted by the growth of hard fibrous enlargements
with the results in a year or two of the death of the rootlets
and their ultimate decomposition with subsequent disappearance
of the galls and also of the aphids, so that after this stage is
reached the cause of the injury is often obscure,

On the trunks the presence of the aphids results in the rough-
ening of the bark or a granulated condition which is particu-
larly noticeable about the collar and at the forks of branches or
on the fresh growth around the scars caused by pruning, which
latter is a favorite location. On the water shoots, they collect
particularly in the axils of the leaves, often eventually causing
them to fall, and on the tender growth of the stems. The dam-
age above grouni, even when insignificant, is useful as an indi-
cation of the probable existence of the aphids on the roots. A
badly attacked tree assumes a sickly appearance and does not
make satisfactory growth, and the leaves become dull and vel-
lowish, and even if not killed outright it is so weakened that it
becomes especially subject to the attacks of borers and other
insect enemies.

The common forms both on the roots and above ground are
wingless aphids, not exceeding one-tenth of an inch in length,
of a reddish-brown color, and abundantly covered, especially in
those above ground, with a flocculent waxy secretion. Fig. 74.

In August and later, among the wingless ones, winged females
appear in abundance. Fig. 73. They are little, clear-winged
aphids which look nearly black unless carefully examined when
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the abdomen is found to be dark yellowish red or rusty brown.
These are the fall migrants that leave the apple and seek the
elm before giving birth to the generation of true sexes,—minute,
wingless, beakless creatures, the female of which deposits a
single “winter egg” within a crevice of the elm bark. I have
not yet observed under out-door conditions the return of the fall
migrant to the elm, but I have repeatedly during two years
observed the spring migration from elm to apple and mountain
ash and the subsequent development of the summer colonies so
that there is no doubt that the species returns to the elm for
the deposition of the winter egg. The flight of the fall mi-
grants away from the apple is apparently a common observa-
tion of all who have studied this species either in this country or
abroad, with the exception of a statement® that in South Africa,
lanigera does not produce any alate forms at all in the fall.

Where woolly aphid colonies are very thick, the true sexes
and the winter eggs are ‘'sometimes found upon the apple tree.
That such occurrences are accidental seems probable as fall
migrants of most species will occasionally dispose of their pro-
geny before reaching the appropriate winter host.

A record of such an occurrence is to be found in the Report of the
Entomologist of the United States Department of Agriculture for the
year 1879 by J. Henry Comstock. On page 250 of this Report, Dr.
L. O. Howard recorded his observations made in a little orchard of
Russian apple trees then on the grounds of the Department of Agricul-
ture at Washington, his statement concerning the winter egg being as
follows:

“The winter egg was found on several occasions during the winter
in crevices of the bark over which a colony had been stationed during
the summer. It was a rather long ovoid, measuring .322 mm. (.125 inch)
m length and was very similar to the winter egg of Colopha ulmicola
(Fitch), as described by Riley in Bulletin No. 1, Vol. V, Hayden’s
Survey.

“This egg was laid, as Professor Thomas supposes, by a wingless
female, differing from the ordinary agamic form to a certain extent.
These females we only know from finding their skins around the winter
egg, since they often die without depositing it. The males we have not
seen.”

Mr. A. C. Baker of the Burean of Entomology wrote me (Nov. 20,
1912) : “I found that when the colonies are very thick the alate forms
often stay on the apple and I have found on one tree a number of

*Moore: So. Af. Ag. Journal. Sept. 1012, p. 428

N
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winged ones with the abdomen shriveled as it is after producing sexes.
I saw some sexes crawling up and down the small twigs and though
I have not yet seen any eggs which they laid they no doubt wopld
lay eggs. On one occasion I found sexes on an apple leaf which had
fallen to the ground.”

That such occurrences are not a part of the ordinary life
cycle is indicated by the usual wholesale flight of the fall mi-
grants.*

On the elm the stem mother, which hatches from the over-
wintering eggs sheltered probably in rough crevices of the bark,
appears early in the spring and may be found in Maine before
the middle of May stationed on the partly opened leaf buds.

The beak punctures on the rapidly expanding new leaves
cause an unevenness of growth which forms a protection for the
aphid. By the last of May the earliest of these wingless stem
mothers are mature and found in the deformed elm leaves
(Fig. 70) producing the next generation. The antenna is
shown in Fig. 79.

These nymphs, like the stem mother, are a wingless form and
they become fully developed about the tenth of June. They have
wax glands, of the type shown in Fig. 72. Their progeny are
the third generation and attain wings. These winged aphids are
known as the springs migrants.

It takes three weeks or slightly more or less, beginning about
the twentieth of June, for all the individuals of this third gen-
eration to get their growth so that the migration covers a con-
siderable period. The deserted rosette or leaf cluster at this
time looks like Fig. 71. During this time these winged aphids
may be found alighting on the leaves of apple, mountain ash,
and hawthorn. They creep to the under side of the leaf and
remain there while they give birth to their progeny (i. e., the
fourth generation). These young, before they feed at all, crawl

*1904. Alwood, Wm. B. Circular in Relation to Some Injurious
Insects and Plant Diseases. Special Bulletin (C. P. C. 45), Va. Exp. Sta.

1908. Gillette, C. P. Notes and Descriptions of Some Orchard Plant
Lice, of the Family Aphidide. Journal of Economic Entomology, Vol.
I, pp. 306-308.

1009. Borner, Carl. Kaiserliche Biologische Anstalt fiir Land-und
Forstwirtschaft, August.

1913. Reh, L. Der Praktische Ratgeber im Obst—und Gartenbau,
February 2.
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to the stem of the water-shoots, or to some tender place on the
bark often near a pruning wound, and there start the colony on
the summer host plant. Such a young colony shown in Fig.
78, was on a mountain ash in Orono of which I kept a record
during the season of 1912,

The main trunk of this tree was dead nearly to the ground, but 12
vigorous shoots had grown up measuring about 5 feet each. Omn Tune
28 this mountain ash had about 150 woolly masses of nymphs grouped on
the stem at the leaf gxils. These nymphs ranged from very tiny ones
to half grown insects, none being mature at that date. One such woolly
mass contained 155 individuals of various sizes. (See Fig. 78). On
the ventral surfaces of the leaves of this mountain ash were stationed
many elm leaf migrants producing there their broods of nymphs which
could be seen, with the hand lens, to be augmenting the woolly masses
on the stem. Collections of these migrants thus stationed were made as
follows :—July 2, 88 migrants; July 3, 211 migrants; July 5, 02 migrants;
July 8, 54 migrants; July 9, 80 migrants; July 10, 33 migrants; July 11,
14 migrants; July 12, 3 migrants. Only living individuals were collected,
dead ones being brushed off and discarded in the counts. Microscopic
examination showed them to be identical with winged forms collected
in elm leaf. Two large elm trees with leaves well stocked with this
species stood about a rod distant.*

In this connection it may be of interest to record a forced migration
test. On June 21, 1912, I placed several hundred elm leaf migrants at
the base of water shoots of an uninfested mountain ash on the Campus.
As the migrants are much more docile about sundown than earlier in the
day this was done about # P. M. They moved but little, most of them
creeping to the ventral side of a leaf and remaining there; and during
the night producing nymphs which sought the leaf axils of the water
shoots so that by the afternoon of June 22, the tiny nymphs had already
fed enough and secreted enough white wax to give the typical “woolly”
appearance to the young colonies These and the progeny thrived on the
mountain ash in a perfectly normal way.

On June 17, 1913, a laboratory cage check was started with migrants
from an elm rosette. The winged forms ready to desert the elm leaves
were caged with a seedling mountain ash. Their progeny settled in
woolly masses on the stem of the seedling and are shown in Fig. 60.
By July 2 these had matured and were producing young which in turn
had matured and were producing nymphs on July 26. ‘This third moun-
tain ash generation (sixth generation beginning with the stem mother)
proved too much for the little seedling which was so nearly dead by
August 10 that the last of the aphids perished at that time.

*Previously recorded in Journal of FEconomic FEntomology, Vol. s,
No. 3, 1912.
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The elm leaf aphid which has been here under discussion as migrat-
ing to apple, mountain ash and hawthorn is the common elm leaf species
making a leaf cluster or “rosette” (Figs. 70 and 71) on the American
elm, composed of terminal leaves more or less bunched together. This
species is found in Maine, Missouri, Colorado and doubtless all the way
between. Like other aphids it is fluctuating in its abundance, being
conspicuous everywhere some years and comparatively rare during
other seasons.

Fig 67 shows a different type of leaf deformation common on elm
which is designated as “leaf curl” or “roll”. Three different species
of aphids belonging to the same .genus (Schizoncura) produce this
type of pseudogall in America.* One of these elm leaf curlers migrates
to apple; another appears to be the English species which migrates to
the roots of currants and gooseberries; and the destination of the
third is at present unknown. The second and third species will be
treated in further detail in a separate bulletin, this paper being con-
cerned only with the elm-apple aphids.

Whether the leaf curler which migrates to apple is a distinct species
.from the form which inhabits the rosette, I am not at present prepared
to state. The apterous viviparous generations have the same general
type of wax glands (Fig. 72), the winged generations accord in char-
acters. '

It seems quite possible that under different conditions (as weather
or the size or position of the leaf attacked) that the same species
might produce two types of elm leaf deformation. However that may
be it was Missouri migrants from such leaves as the one shown in Fig.
67 that gave me my first successful transfer test under control condi-
tions. .

Through the kindness of several southern entomologists, elm leaf
curl in considerable abundance with winged forms ready for migration
was secured in May, 1912, thus lengthening the season for purposes of
experimenting. These migrants, as previously explained (Science, Vol.
36, pp. 30-31), were caged over apple seedlings greenhouse-grown for
the purpose, the seeds having been.planted in' December 1911 and Jan-
uary 1912. A few very successful colonies of woolly aphids were thus
established on apple seedlings by the progeny of the elm migrants,
the earliest of which was one started by migrants received May 12.
(Fig. 68). 'The fall migrants of this colony were mature and taking
flight September 20-23.

So far as I am at present able to judge, the progeny of these migrants
from leaf curl and the progeny of migrants from rosette hoth look and
behave identically alike. Certainly if they prove to be distinct it will

*Since Bulletin 203 went to press last year, significant collections
both from Maine and other parts of the country have come to my at-
tention which have added much to our knowledge of these species con-
cerning which much still remains to be learned.
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be a difficult problem to decide which is lanigera! The other two leaf
curlers, however, are certainly distinct,

There are apparently 3 summer generations of progeny of the
elm leaf migrants upon the apple in Maine,—two apterous gen-
erations followed by a generation part of which, the fall mi-
grants, become winged and leave the apple and part develop into
apterous forms and remaining on the apple.‘give birth to nymphs
which while still young seek protection at the base of the tree
for the winter and are known as the hibernating nymphs.

It is the function of the migrants to seek the winter host
and there give birth to the true sexes. These are the tiny yel-
lowish brown egg-laying females and the still smaller pale yel-
low males. Both sexes are wingless and with rudimentary
mouth parts which are apparently functionless. One compara-
tively large yellow egg occupies nearly the whole abdomen of
the female and with the deposition of this the cycle of the spe-
cies closes,— or begins. It is too complicated a performance to
follow easily but the outline on page 182 will be useful as a
summary. Such a cycle with the annual migration to and from
the apple with the elm serving as host for the first three spring
generations is undoubtedly typical for lamnigera. The hibernat-
ing nymphs which remain protected about the crown of the
apple over winter and ascend to tender places on the bark be-
fore feeding in the spring give what looks like a “closed cycle”
of apterous viviparous females persisting on the apple. How
long such a colony could maintain itself on the apple without
fresh material from the elm I do not know.*

I am certain that in Maine the natural enemies of the woolly
aphid would cut its career short and that it would not assume
the status of a pest of consequence if it did not shift its food
plant. As it is, a two days quest in the vicinity of Orono early
in September 1913 failed to locate a single colony which was not
well nigh demolished by Chalcid parasites and the colonies of

*We have an exact parallel in Pemphigus tessellata or the woolly
aphid of the alder with a cycle including a spring migration from the
maple leaf to alder and a fall or return migration to the maple and alse
a generation of hibernating nymphs remaining under leaves about the

base of the alder during the winter and ascending to the stem before
feeding in the spring.
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1912 met a similar fate the preceding year by virtue of Syrphus
maggots. Lady bird beetles are also very active some seasons.
While in the elm leaf this aphid is preved upon by Syrphus
maggots, Capsid bugs and lady birds.

As if the hibernating nymphs were not enough to bewilder
one, the case of the woolly aphid of the apple is still further
complicated by the root colonies which although hidden in their
operations really are-often much more pernicious than the colo-
nies on trunk and branches. These root colonies ordinarily re-
main underground all the year round, apparently until the roots
become too badly demolished for feeding purposes.

EconoMic STATUS.

The danger from the woolly aphid is greatest to nursery
stock and young orchards. Mr. Marlatt (Journal of Economic
Entomology, Vol. 4, pp. 116-117) in recording the use of Ameri-
can-grown apple seedlings says:—“Mr. F. W, Watson, of To-
peka, Kans., in an article in the National Nurseryman for Janu-
ary, 1910, p. 437, on ‘American-grown Apple Seedlings’, states
that from twenty to forty million of American-grown apple
seedlings are used in this country every year, the production
of about a dozen nursery firms. The bulk of the seed used
comes from France, and therefore is of the same stock as the
imported French seedlings.”

Mr. Lohrenz (1911) in recording observations on two-year-
old nursery stock made at three nurseries containing respectively
about 30,000; 45,000; and 300,000 trees, states that he found
from 20 per cent to 25 per cent of the trees infested by the
woolly aphid.

In circular No. 20, Bureau of Entomology U. S. Department
of Agriculture (revised edition 1goR) the woolly aphid of the
apple is characterized as “one of the worst enemies of the
apple.”

Mr. Alwood (1904) of the Virginia State Crop Pest Com-
mission in his excellent account of this insect states “On nursery
stock the woolly aphis is a most serious pest, and under some
circumstances it ruins a large percentage of the apple trees in
the nursery.” ‘
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On page 5 of Bulletin 133 of the Colorado Experiment Sta-
tion the following statement is made:

“If Colorado orchardists should vote their opinion as to what
ought to be called the worst orchard pest in the state, it is very
doubtful whether the codling moth, or the woolly aphids, would
carry off the honors.”

Although it would be easy to compile testimony of this char-
acter against the woolly aphid as an enemy to young apple trees
from numerous and widely separated parts of our country, they
would be chiefly a repetition of what has already been said.

During those seasons when the species is abundant it is also
a serious pest on American elm. Some springs in the vicinity
of Orono practically every branch of many trees is tipped with
an unsightly cluster of deformed leaves or “rosette” gall. Such
an infestation, to say the least, mars the beauty of a large tree
and is a heavy handicap for a young one.
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LIFE CYCLE OF WOOLLY APHID OF APPIE.

(Exclusive of root forms.)

ELM: Primary Host. APPLE: Alternate Host.
EGGS. NYMPHS.
(Under bark all winter) (Hibernating young, mi-

—_— grating to trunk or
branches in early spring)
STEM-MOTHER.
(first generation in leaf,
Apterous viviparous females).

SECOND GENERATION, SEVERAL, GENERATIONS.
(apterous viviparous females — —
in leaf)

SPRING MIGRANTS Migrate to apple . . . . —

(third generation. Alate viviparous). .
FOURTH GENERATION.
(apterous viviparous females).

FIFTH GENERATIQN.
(apterous viviparous females).

Migrate to elm ¢~ + + « FPALL MIGRANTS. APTEROUS VIVIPAROUS
_ (Alate viviparous PARTHENOGENETIC
parthenogenetic ~ FEMALES, mature in
females, mature Aug.-Sept.
Aug.-Sept.
APTEROUS OVIPAROUS FEMALES sexuparae.)
AND APTEROUS MALES.

—_— HIBERNATING NYMPHS
EGGS. (protected during winter
(under bark all winter). about crown of tree).
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STRUCTURE KEY.
WooLLy ArHID OF APPLE.

A. Apterous forms. Antennae without annulations.
B. Females.
C. Viviparous.

D. Antenna typically 5-jointed, Fig. 79. Wax glands not of type
shown in Fig. 72. First spring generation hatched  from
over-wintering egg and found in elm rosette early in
June ...l PPN ....Stem Mother.

DD. Antenna 6-jointed. Fig. 80. Wax glands as shown in Figs.
72 and 8o. Progeny of stem mother developing in rosette
inJune ... .., Second Elm Generation.

DDD. Antenna 6-jointed. Fig. 82. Wax glands of same type as
those shown in Fig. 72. On apple bark or water shoots
................................. Summer Generations.

DDDD. Structure about as with summer generations. On apple
roots all times of year........ ....Root Generations.

DDDDD. Young born late in fall and living over winter about
crown of tree, apparently without feeding until
spring, when they ascend to apple bark and attain
their growth ............... Hibernating Nymphs.

iCC. Oviparous.
Antenna 5-jointed, Fig. 75. Minute beakless form which
deposits the over-wintering egg. Rarely seen but easily
obtained by imprisoning fall migrant in vial..True Female.

BB. Minute beakless form smaller and more slender than true
female. Antenna 5-jointed. Fig. 76. Rarely seen but easily
obtained by imprisoning fall migrant in vial...... True Male.

AA. Alate forms. Antennae with annulations.

B. Antenna typically with III as long as or longer than IV4-V4+VI
VI typically without annulations. Fig. 81. Developing in June-
July in elm rosette and migrating to apple, hawthorn and
mountain ash. Progenitor of summer generations.............
.............................................. Spring Migrant.

BB. Antenna much as in spring migrant, though usually shorter. VI
typically with 2 or more annulations. Figs. 83, 84, 85. Devel-
oping in fall in woolly colonies on bark of apple, hawthorn
and mountain ash. Fig. 73. Progenitor of true males and
females ....... ..., Fall Migrant



184 MAINE AGRICULTURAL EXPERIMENT STATION. IQI3.

HABITAT KEY.
WoorLLy ArHIDS oF THE ELM.

Those species not migrating to apple are to be treated in a separate
bulletin but a key is given here to aid in distinguishing the woolly aphid
of the apple from the other elm species with which it may easily be
confused in the spring of the year.

A. Conspicuous woolly colonies on bark of Ulmus americana.
Throughout the summer on young elms. No alternate host
known. Widely distributed in America. ............... S. rileyi.

AA. Spring generations in elm leaves, causing various types oi de-
formation.

B. Large baggy gall on Ulmus campestris. Alternate host unknown.
European species. Taken in Connecticut in 1913..S. lanuginosa.

BB. Terminal leaf cluster or rosette (Figs. 70-71 on Ulmus ameri-
cama. Spring migration to apple, mountain ash, and haw-
hawthorn. Maine to. Colorado...........ceiiiiiiivinnnnn..
................ S. lavigera (americana in part, of authors).

BBB. Leaf curl or roll type of deformation.

C. Leaf roll as shown in Fig. 67. Wax glands of apterous genera-
tions and antennae of winged generations apparently the
same as those of the rosette dweller. Spring migration to
apple. Recorded as yet only from the south.................
.............. ...S. lanigera (americana in part, of authors).

CC. Leaf roll of Ulmus scabra and U. campestris. Antenna of
winged generations with V and VI without annulations.
Spring migration to gooseberry and currant. European
species. In America found in (California, Oregon and
Maine (IOI3) .eeverrneernrrenncnnnenns S. ulmi (fodiens).

OCC. Leaf roll of Ulmus americana. Second apterous spring gen-
eration with wax gland distinctly unlike those of Fig. 72.
Spring migrant with antenna typically with III not
longer than IV-} V- VI. Alternate host unknown. Maine
to California............ S. americana in part, of authors.
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PREVENTIVE AND REMEDIAL MEASURES.

The foregoing account of the habits and characteristics of the
woolly aphid will suggest certain measures to control it.

The protection of seedling apples from infestation by the
woolly aphid while still in the nursery has heretofore been an
exceedingly difficult matter it would seem from the amount of
infested stuff that is yearly condemned. But with the knowledge
that the source of danger lies in the migrants from the pre-
viously unsuspected elm leaf, it is seen to be possible to control
the nursery stock by establishing nurseries at a safe distance
from susceptible elm trees or clearing out the elms from the
vicinity of large nurseries. As there are many places in the
country where the elm is not at all abundant this would often
be entirely practicable and where so would be the simplest and
most effective method of protection. As it is the seedling trees
that are most susceptible to injury and when attacked most
seriously damaged by the woolly aphid a method of protection
for the young trees while in the nursery is the most desirable.

The raising of the elms and apples in the same nursery is thus
seen to be a hazardots proceeding and should he avoided.

Again young orchards of clean stock set in parts of the coun-
try where the elm is not grown should be successfully protected
by excluding elms from the choice of shade trees. Indeed, the
matter of alternate hosts of the aphid enemies concerned should
always be borne in mind in planning the trees for an estate, and
only one of the two hosts necessary for the life cycle of a
migratory aphid planted, where the pest is a serious one.

It is desirable that data concerning the relative susceptibility
of different varieties of apple should be accumulated with a view
to using the more resistant for root stock, if otherwise practi-
cable.

In dealing with infested apple trees the aphid masses on trunk
and branch present no especial difficulty, and can be very readily
exterminated by the use of any of the washes recommended for
plant-lice, such as tobacco decoction, kerosene emulsion, a strong
soap wash (Formulas a, b, ¢, d), the only care necessary being
to see that the wash is put on with sufficient force and thorough-
ness to penetrate the covering and protecting cottony secretion.
If the wash be applied warm, its penetration will be consider-
ably increased.
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An August spray to kill out colonies before the migrants fly
and the hibernating young are produced is particularly desirable.

The much more important root feeders, however, are more
difficult to reach and exterminate. The common recommenda-
tions are of applications of strong soap or tobacco washes to the
soil about the crown, or soot, ashes, or tobacco dust buried about
the roots; also similarly employed are lime and gas-lime.

Badly infested nursery stock should be destroyed, since it
would be worth little even with the aphids removed.

Some nurseries are said to make a practice of “puddling”
roots of infested stock, that is packing mud about the roots to
conceal their condition. Before purchasing puddled nursery
stock, the buyer should insist that the mud be washed off
thoroughly so that the roots are exposed for inspection.

Proper cultural methods can hardly be overestimated in their
value as a protection of young trees, as neglected orchards not
only suffer heavily but serve as a breedmg ground dangerous to
the neighboring trees. :

FormMuLA A—Tosacco DEcoCTION.

Tobacco stems or tobacco dust ......ovvinunnnn 2 pounds
W aOr v tetiireriee ittt 4 gallons

Put the tobacco in the water, enough to cover, which may be either
cold or hot. Place over the fire and when the water has reached the
boiling point, remove some of the fire and allow the water to simply
simmer for fully one hour, when the liquid is ready to be drained off,
diluted to the ahove proportions’ and apphed Boiling violently drives
off the nicotine.

If whole-leaf tobacco is used, prepare as above, using one pound of
tobacco to each four gallons of water.

No lime or other alkaline substance should be added to the tobacco
_ while cooking. Apply at once, or within a few days after making if
possible.

Certain reliable extracts such as “Black Leaf” “Black ILeaf 40 and
“Nikoteen” are on the market and can be secured through local drug-
gists. (The Black Leaf preparations are manufactured by The Ken-
tucky Tobacco Product Company, Louisville Ky., and are carried by
the Collins Hardware Company, 97 Friend St., Boston, Mass. Nikoteen
is manufactured by The Nicotine Manufacturing Company, St. Louis,
Mo., and can be secured from Joseph Brick & Sons, 47-54 N. Market
St., Boston, Mass.).

Directions for use come with the products. There is nothing to do
in the preparation of these extracts except to stir the contents of the
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can before pouring out any quantity for dilution. In most cases one
gallon of the Black Leaf will be found sufficient for each seventy gal-
lons of water. But if in the treatment of any louse this does not seem
sufficient it may be used in preparation of one gallon to sixty or sixty-
five gallons of water. Careful sprayers have usually succeeded in
killing plant lice with this preparation in the proportion of one gallon
to each one hundred gallons of water. Thoroughness of application
is of as much importance as the strength of material used.

Nikoteen is a more concentrated abstract, 1 part being used with from
400 to 600 parts of water.

Black Leaf 40 is a concentrated solution of nicotine-sulphate and is
widely and successfully used in large western orchards, at the rate
of 1 part to 800 or goo parts of water.

It is the common practice to add soap,—whale oil soap or good laun-
dry soap at the rate of 2 bars to 50 gallons. This is to lessen the
formation of drops, causing the spray to cover surfaces more in the
form of thin film.

Better success is obtained by some by using a little lime instead of
soap, the inert solid in suspension aiding the extract to “wet” and
“stick” to the bodies of the aphids. For this purpose 1 pound of
stone lime, slaked and strained into 5o gallons of tobacco extract as
prepared for application, is sufficient.

ForMura B.—KErosEnE EMULSION.

Hard $0ap. «vererrneniiiniirananiieiiiieaienans 1-2 pound
Boiling Water .........coiviiiieieneniiniiiiiies 1 gallon
S Y= o =3 2 gallons

To prepare dissolve one-half pound of soap in one gallon of soft
water by boiling; when well dissolved and still boiling hot, remove
from the fire and add two gallons of kerosene, and agitate at once as
briskly as. possible. The emulsion is more readily made if the kerosene
first be heated by immersing the vessel containing it in a larger vessel
of boiling water. Never heat the kerosene over a direct fire.

If large quantities are being made, a good way to emulsify is to use
a force pump and spraying nozzle and pump the mixture as forcefully
as possible back into the vessel containing it. If the emulsion is prop-
erly formed, the whole mass will appear much like whipped cream and
will mix readily in water without a film of oil rising to the top.

As soon as emulsified, add twenty-seven gallons of water and use at
once. This will make thirty gallons of the mixture, and such an emul-
sion will be one-fifteenth oil (or a 7 per cent emulsion). This is the
strength ordinarily used for the destruction of insects upon plants.
For larger or smaller quantities, prepare in the same proportions.

Sometimes the emulsion is not perfect and a little oil rises to the top.
In such cases, if the last in the barrel or tank is pumped out upon the



188 MAINE AGRICULTURAL EXPERIMENT STATION. IQI3.

foliage, it is likely to burn it. So it is advisable, unless the emulsion is
of good quality, to throw out the last few gallons, making no use of it.
It is best to dilute and apply kerosene emulsion as soon as it is pre-
pared.
Avoid using alkali or any hard water in making the emulsion, as it
will cause the oil to separate and rise to the top. Any clean, soft water
will usually give good results.

Formura C.—MisciBLe Or1Ls.

There are several miscible oils upon the market which may be added
directly to water forming a milky emulsion at once. In the preparation
of any of these, such as “Scalecide,” or *“Target Brand Scale Destroyer”
or “Killoscale,” add the oil directly to the water with a little stirring.
One gallon of the miscible oil in 30 to 50 gallons of water will make a
mixture, which in most cases will be strong enough to kill plant lice,
if thoroughly applied.

ForMura D.—WHALE-01L 0R FI1su-011, SoAPS.

The so-called whale-oil or fish-oil soaps which are quite extensively
used for the destruction of plant lice, will usually be effective if thor-
oughly applied in the proportion of one pound of the soap to each six
or eight gallons of water There are numerous brands of these soaps
upon the market. Among those that have been used quite successfully
are Good’s Whale-Qil Soap and Bowker’s Tree Soap.

* ) *® * * * * * * * % #*

In recent years tobacco extracts have rapidly taken the place of
other remedies for aphids, and well informed apple growers are using
them almost to the exclusion of other insecticides. Tt should be
remembered that this is a contact insecticide and kills only the insects
actually touched. It is, therefore, necessary to be very thorough in
the spraying.



F1G. 67. Southern leaf curl, migrants from which colonized apple seedling
shown in accompanying figure.

Fic. 68. Seedling apple, photographed July 23, 1912 to show colony of
woolly aphids which are the descendants of migrants from elm leaf curl (Fig. 67)
received from Columbia, Missouri, May 12, 1912.
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Fic. 69. Seedling mountain ash photographed June 25, 1913 to show
colony of woolly aphids which are the progeny of migrants from elm leaf
rosette caged with mountain ash, June 17, 1913. Two apterous generations
matured on this seedling, but the third generation proved too much for the
little tree which was so nearly dead by August 10 that the last of the aphid
colony perished at that time.

The antenna of one of the winged progenitors of this colony is shown
as Fig. 81.






F1G. 70. Young rosette photographed June 6,1913. Small picture at right.
Fic. 71.  Old rosette photographed July 17, 1913.






FiG. 72. Dorsal wax gland of rosette aphid, second generation.
A & B, a pair on head. C & D, a pair on prothorax. Notice
that the sections are not uniform in number as is often the case.

Fi1cs.73 and 74. Woolly Aphid. Winged and wingless forms.
Greatly enlarged  (After Marlatt.)

Female, Male.
% Fics. 75 and 76. Mature sexual individuals of the Woolly
Apbhid,—the oviparous female and male. Real size shown in

circles at right of figures. (After Alwood.)

i

Fic. 77. Apple root, showing knotty growth caused by Woolly Aphid.






Fic. 78. Nymphs of the Woolly Aphid, Sc/kizoneura lanigera on
water shoot of mountain ash, Zyrus americana,—the immediate pro-
geny of migrants from elm leaf rosette. Photographed at Orono, June
28, 1912. Enlarged.






Antennae of Woolly Aphid. Fig. 79—Stem mother from ro-
sette June 5, 1913 (33-13); Fig. 80—Second generation, from rosette
June 12, 1913 ; Fig. 81—Spring migrant from rosette and progenitor
of summer generations on Pyrus (57-13) ; Fig. 82—Apterous vivipa-
rous form on apple bark (98-08) ; Fig. 83—Fall migrant from apple
(115-06) ; Fig 84—Fall migrant from the bred colony shown in Fig.
68 (9-12 sub 1) ; Fig. 85—Fall migrant from Cratacgus.







BULLETIN No. 218.

TABLES FOR CALCULATING COEFFICIENTS OF
INBREEDING.*

RaymonD PEARL AND JoHN Rick MINER.

In two recent papers from this laboratory** a method of
measuring the degree of inbreeding exhibited in a particular
pedigree has been described. This method consists in the deter-
mination of coefficients of inbreeding, which are quantities
defined by the equation

IOo(l)n+1—Qn+l)

" Pn+'1 ’

where Zn denotes the coefficient of inbreeding for any particu-

lar ancestral generation n; p, ., the maximum possible number

of different ancestors in the preceding generation; and ¢, .,

the actually realized number of different ancestors in that gen-
eration.

It is believed that this method of measuring inbreeding may
be of a great deal of practical value to the stock breeder in
his study of pedigrees. If this is to be the case, however, it is
essential that the computation incident to the application of the
method be reduced to the smallest possible amount and the sim-
plest terms. In order to attain this end the accompanying ta-
bles have been prepared.

In the paper referred to above a very simple method was
described for finding the values of the successive (p,,; —q ,.;)
quantities. ‘This consisted in the formation for each pedigree
studied of a table in which each primary reappearance of an
animal was listed for the generation in which it reappeared, to-

(1)

*Papers from the Biological Laboratory of the Maine Agricultural
Experiment Station. No. sI.

**Pearl, R. A Contribution Towards an Analysis of the Problem of
Inbreeding. American Naturalist, Vol. XLVII, pp. §77-614, 1013.

—The Measurement of the Irtensity of Inbreeding. Me. Agr. Expt.
Sta. Bulletin 215, pp. 123-138, 1013.



192 MAINE AGRICULTURAL EXPERIMENT STATION.

.

1913.

gether with an automatic elimination of such animals’ ances-

tors in earlier generations.

This method leads to the formation of such a table as the
following for the Jersey cow, Figgis 2oth of Hood Farm
(copied from Bulletin 215, p. 136.)

TABLE 1.
Working Table for Calculating the Coefficients of Inbreeding

of Figgis 20th.

[

ANCESTRAL GENERATIONS.

92‘ 191

ANIMAL.

3 4 5 6/ 7 8 910 |11 } 12
Sop,lue’s Tormentor............... 1 2 4 8/ 16| 32| 64] 128| 256, 512
Ida's Stoke Pogis. ................ - - 1 2 4 8| 16/ 32| 64| 128
Catono.......................... - - 1 2 4 8| 16| 32| 64| 128
Rosabelle Hudson................ - - 1, 2| 4 8 16| 32| 64) 128
Khedive..... - - = 1 2 4 8| 16/ 32| 64
Young Fancy - -] - 1 2 4 8| 16| 32| 64
Stoke Pogis 3 - - - - 1 2 4 8/ 16| 32
Marjoram.. .. -] -7 -1 - 1 2| 4] 8 16/ 32
Lord Lisgar.. - - - - 1 2 4 8 16/ 32
Tormentor. . . .. - - - - 1 2 4 8| 16| 32
OQonan............... - - - - 1 2 4 8| 16] 32
Landseer. ........ ......... - - - - 1 2 4 8l 16| 32
Optimus......................... - - - - 1 2 4 8| 16| 32
Jersey Bull of Scituate............ - -] -1 - 1 2 4| 8| 16| 32
@be.c. i - - - 1 2 4 8 16/ 32
Vietor Hugo. .................... - -] - - - 1 2 4| 8| 16
Lord Lisgar.................... .. - - - - - 1 2| 4/ 8| 16
Victor Hugo..................... - - - - - 1 2| 4/ 8 16
Roxbury. ... .. ... . .. 0. ... e G 1l 2| 4 8 16
General Scott.................... - - -~ -l - 1 2 4 8| 16
- = - -] = 1 2 4 8/ 16
- - - - - 1 2 4 8 16
- - - - 1 2 4 8| 16
- - - - - 1 2 4 8 16
- - - - - 1 2 4 8/ 16
- - - - - - 1 2 4 8
- - - - - - 1 2 4 8
- - - - - - 1 2 4 8
- - - - - - 1 2 4 8
- - =] - =] - 1l 2| 4/ 8
Mary Lowndes. - -1 =] =7 =1 =1 -1 2t 4 8
Victor....... - - -1 =] =7 - 1 2/ 4 8
Potomac............... - = =1 =] = =] - 1 20 4
Splendid................... - - ={ -] -1 -1 - 1l 2] 4
aturn. ........ .. oo, el B A A B 1] 2 4
Saturn......... ... ...l o e A N A R 1 2 4
Rhea....................... ... o T e T T B 11 2 4
Countess. ....................... S e R A R 1 2 4
Dick Swiveller, Jr................ - - - - - - - 1 2 4
Countess...............c......... o N I B 1 2
Taintor........................... e e A R I I B 1 2
Comus.......................... - - - - = - - - 1 2
Comus..................oco..... e B R R B A 1 2
- - - - = - - - 1 2
I e e T
T e 1 2
- - =] = = = =] -] 1| 2
N T U s B O T
- - =1 =] =] =1 -1 - 1 2
- = = -] - -] - ~-] -] 1
N 1
R T e e e I e A I B |
- —_ — — ! —_ - — — - 1
1 2 7 16‘ 41 389 788[1580
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The totals of this table are the quantities (p,,;—q,.,)
of (i). To get from them the successive values of Z it is
necessary only to divide by p .

It is obvious from equation (i) that (p , , —¢q,., ) must
in practice always be something less than p . —1. Further-
more p , . , the maximum possible number of ancestors in any
generation, presents a definite series of values, namely the
successive powers of 2. If then there were available tables
which would give for each successive value of p _, , the quo-
tients obtained from dividing each integer smaller than p |
by this same quantity, evidently the value of Z for any partic-
ular case could be read off from the table, without the necessity
for any arithmetical work whatever,

The tables accompanying this paper are of just the sort
described. For the first ten ancestral generations, beginning
with the second, all possible values of

100( Py 1—Gpi1)

Pn+1

are tabled, to 3 places of figures,

The arrangement of the tables is as follows: In the right
hand columns are the successive value of (p,,, —¢q ,,, )=4*
These columns are headed 4. The values in the 4 columns of
the tables correspond to the “Totals” of such pedigree elimina-
tion tables as is shown above in Table 1 for Figgis 2oth. Over
against these 4 columns are given the corresponding values of
the coefficient of inbreeding Z.

ExampLE SHOwWING Usk oF TABLEs.

We may take, as an example to show the method of using
these tables, the case of Figgis 2oth, for which the pedigree
elimination table has been given above. We see that in this
case the first entry is for the third ancestral generation and is 1.
Turning to the table for the third ancestral generation we find
that for A=1,Z=12.500. Thus we may write at once, Z.—12.500,
For the fourth ancestral generation the total is 2 From the
table for this generation it is seen, on the second line of this
table, that Z=12.500 when 4—2. Hence, Zs=12.500.

*Used merely for convenience to save printing the longer expression.
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The total for the fifth ancestral generation of Iiggis 2oth is 7.
In the corresponding table we find for A=y, Z=21.875, or
Z.=21.875.

The total for the next (sixth) ancestral generation is 16. The
table for this generation gives for A=16, Z=25.000, or Zs=
25.000.

The total of the next generation is 41. For A=—41 the seventh
generation table gives Z«—32.031.

For the eighth ancestral generation the total is g2. The table
for this generation shows that when 4—g2, Z:—35.938.

The total for the ninth generation is 191. TFor .4=191 the
ninth generation table gives Zs==37.305.

For the tenth generation the total is 389. The last of the tables
gives for 4=389, Z-—=37.988.

INBREEDING COEFFICIENT TABLES.

SECOND THIRD FOURTH | FIFTH
ANCESTRAL || ANCESTRAL || ANCESTRAL ANCESTRAL
GENERATION.|GENERATION.[|GENERATION. GENERATION.
Pn+1:4 Pn+1:_8 Pn+1'__-I6 i Pn+1:32
4 z 4 z A z 4 z A z
1| 25.000 1| 12.500 1| 6.250 1| 3.125| 16| 50.000
2| 50.000 2| 25.000 2| 12.500 2| 6.250( 17| 53.125
3| 175.000 3| 37.500 3| 18.750 3| 9.375| 18| 56.250
- 4| 50.000 4| 25.000 4| 12,500/ 19| 59.375
- - 5| 62.500 5| 31.250 5| 15625 20| 62
- - 6| 75.000 6| 37.500 6| 18.750 21| 65.625
- - 7| 87.500 7| 43.750 7| 21.875 22| 6€8.750
- - - - 8| 50.000 8 25000 23| 71.875
- - - - 9| 56.250 9| 28.125 24| 75.000
- - - - 10| 62.500( 10| 31.250| 25| 78.125
- - - - 11| 68.750| 11| 34.375|| 26| 81.250
- - - - 12| 75.000/| 12| 37.500|| 27| 84.375
- - - - 13) 81.250/| 13| 40.625|| 28| 87.500
- - - - 14| 87.500/ 14| 43.750| 29| 90.625
- - - - 15/ 93.750{| 15| 46.875/| 30| 93.750
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SIXTH SEVENTH

ANCESTRAL ANCESTRAL

GENERATION. GENERATION.
Prs1 =04 Prar1 =128
\ z “ 4 ’ z | 4 z || a z ‘ 4 ‘ z
I i

1| 1.s62| 51| 79.688 1| 7s1|| 51| 30.844] 101| 78.906
| 3125 52| 81.250 2| 1.562|| 52| 0625 102| 79688
3| 4.ess|| s3] s2.812 3| 2/344| 3| 41.400| 103| %0.469
4| 6250/ 54 84.375 4| 30125\ 54| 42.1s8| i04| 81.250
5| 7.812| 35 859038 5| 3.006| 55| 42.969| 105 82.031
6| - 9375 56| 87.500 o| 4.688| 56| 43.750| 106/ 82.812
7| 10,938 57| 89.062 7| 5.460| 57| 44531 107| 83.594
8| 12500/ 58 9g.625 8| 6250 38| 45:312| 108 84.375
9l 14062| 59| 92188 of 7.031| 59| 46.004| 100 85.156
10| 15625 60| o3.7s0l 10| 7.st2|| 60| 46.875 110, 85.938
11] 17.188|] 61 e5.312 11| 8.504| 61 47.656| 111 86.719
12| 18.750| 62| o875l 12| 9.375| 62| 48l438|| 112| 87.500
13| 20.312|| 63| 08.438)| 13| 10/156| 63| 49.219|| 113 88I281
14| 21.875 14| 10.038/| 64 50, 114 89062
15| 23.438)| - - 15| 11.719/| 65 50.781| 115 89.844
16| 25.000| - - 16/ 12.500/ 66| 51.562|| 116 90.625
17| 26.562|| - - 17| 13.981|| 67| 52.344|| 117| 91.406
18] 28.125 - - 18| 14.062 53.125 118| 92.188
19| 29.688|| - z 10| 14:844| 69| 53.908|| 119| 92969
20| 31.250| - - 20| 15.625| 70| 54.688| 120| 93.750
21| s2.812(| - - 21| 16.406| 71| 55.469| 121 94.531
92| 34375 - - 22| 17.188| 72| B6.250| 122 95.312
23| 35038 - z 23| 17.089| 73| 57.031| 123| 96.004
24| 37500 - - 24 187 74| 37.812| 124 96.875
25| 30.062|| - z 25| 19531|| 75| 58.594| 125 97.656
26| 40.625 - - 26| 20.312| 76| 59.375|| 126 93.438
27| 42188/ - - 27| 21.004/| 77| 60.156|| 127 99219
o8 43'750|| - z 28| 21.875 78| 60.938| - -
20| 45312(] - z 20| 227656/ 79| €1.719|| - -
30| 46.875 - - 30| 23438| so| 62500 - -
31| 48.438|| - - 31 24.219] 81| es3.zs|l - -
32| 50.000| - - 32| 25000 82| 64.062
33| 51.562 - - 33| 25.781 83| 64.844 - -
34| 53125 - z 34 26.562| 84| 65625 - -
35| 54688 - - 35 27.344| 85 66.406| - -
36| 56.250(| - - 36/ 28.125| 86| 67.188| - -
37| s7.812|| - - 37| 28.906/ 87| 67.969| - -
38| 50375 - - 38| 20.688| 88| 68.750| - -
39| 60.038 - - 39| 30.460| 89| 69.531) - -
10| 62.500|| - - s0! 31.250| 00| 70312l - -
a1| es.082 - - a1/ 32.031| 91| 71.004] - -
42| 65.625 - - 42| 32812 92| 71.875| - -
43| e7.188|| - - 43| 33.504) 93| 72.656| - -
41| 68750 - - 44| 3a375| os| 73l438| - -
45| 70312|| - - 45 35.156] 95| 74,219 - -
a6| 71.875| - - a6 35.938] 96| 75.000 - -
a7| 73438 - - 47/ 36.719|| 97 73.781|| - -
as| 75.000| - - 48| 37.500/| 98| 76.562| - -
a9| 76.562|| - - 49| 38281 99| 77.34a) - -
50| 78125 - - s 8yl062| 100 78125 - -
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EIGHTH ANCESTRAIL GENERATION.

A zZ ‘ A Z
1} .391 51\19.922|| 101} 39.453]) 151) 58.984)) 201 78.516|] 251 08.047
2| .781|| 52(20.312|| 102| 39.844( 152| 59.375|| 202| 78.906| 252| 98.438
3| 1.172|| 53[20.703(| 103| 40.234|| 153] 59.766! 203| 79.297|| 253| 98.828
4| 1.562| 54|21.094| 104| 40.625|| 154 60.156!| 204] 79.688(] 254/ 99.219
5 1.953|| 55|21.484| 105 41.016|| 155| 60.547|| 205 80.078| 255 99.609
6] 2.344\| 56/21.875/| 106| 41.406(| 156] 60.938| 206/ 80.469 - -
7| 2.734|| 57|22.266|| 107| 41.797|| 157| 61.328]| 207| 80.859i| - -
8! 3.125'| 58i22.656/| 108| 42.188(| 158| 61.719 | 208 81.250|| - -
9| 3.516/| 59|23.047(| 109| 42.578/ 159| 62.109| 209| 81.641| - -

10| 3.906|| 60(23.438|| 110| 42.969|| 160| 62.500!| 210| 82.031} - -
11/ 4.297|| 61|23.828| 111 43.359|| 161 62.891| 211 82.422|| - -
12| 4.688|| 62|24.219/| 112| 43 .750|| 162) 63.281| 212| 82.812| - -
13| 5.078|] 63|24.609!! 113| 44 .141|l 163] 63.672/| 213; 83.203| - -
14| 5 469(| 64(25.000(| 114 44.531! 164, 64.062:| 214| 83.594 | -~ -
15/ 5.859| 65/25.391|| 115/ 44.922|| 165 64.453| 215/ 83.984| -~ -
16| 6.250| 66(25.781|| 116| 45.312}| 166| 64.844| 216/ 84.375|| - -
17| 6.641 67126.172)| 117] 45.703!| 167, 65.234|| 217| 84.766; - -
18/ 7.031|] 68/26.562|| 118 46.094|| 168/ 65.625/| 218 85.156/| - -
19| 7.422| 69/26.953|| 119 46.484|| 169| 66.016| 219| 85.547 - -
20| 7.812|| 70(27.344!] 120| 46.875|| 170, 66.406|| 220| 85.938| - -
21| 8.203| 71(27.734| 121 47.266|| 171| 66.797/| 221| 86.328 - -
22| 8.504) 72/28.125|| 122| 47.656}; 172 67.188|| 222| 86.719, - -
23| 8.084|| 7328.516( 123! 48.047|/ 173| 67.578| 223| 87.109|| - -
24) 9.375)| 74|28.906|) 124, 48.438)| 174| 67.969| 224 87.500|| - -
25/ 9.766|| 75/29.297|f 125 48.828!] 175 68.359|| 225| 87.891} - -
26(10.156/| 76/29.688| 126/ 49.219|| 176] €8.750|| 226/ 88.281( - -
27|10.547|| 77130.078|) 127| 49.609|} 177] 69.141} 227/ 88.672\! - -
28110.938|1 78(30.469|| 128/ 50.000(} 178 69.531 | 228 89.062 - -
29/11.328|] 79|30.859( 129| 50.391|| 179| 69.922|| 229| 89.453; - -
30(11.719]] 80(31.250) 130, 50.781(| 180/ 70.312| 230| 89.844/| - -
31/12.109|| 81|31.641 131| 51.172}| 181} 70.703{| 231| 90.234|| - - -
32/12.500(| 82|32.031|| 132| 51.562| 182| 71.094|| 232| 90.625|| - -
33(12.891|| 83(32.422|| 133| 51.953|| 183| 71.484| 233| 91.016/| - -
34|13.281|| 84/32.812|| 134| 52.344|| 184| 71.875|| 234 91.406( - -~
35(13.672|| 85/33.203|| 135, 52.734|| 185/ 72.266] 235 91.797|; - -
36|14.062|| 86/33.594|| 136| 53.125| 186/ 72.656| 236, 92.188 - -
37/14 45311 87133.984| 137| 53.516|| 187| 73.047| 237| 92.578| - -
38|14.844| 88/34.375| 138! 53.906| 188| 73.438/| 238| 92.969/ - -
39(15.234:| 89(34.766]| 139| 54.297|| 189| 73.828| 239| 93.359| - -
40|15.625 | 90{35.156(| 140| 54.688|| 190 74.219| 240| 93.750), - -
41116.016/| 91|35.547|| 141| 55.078|f 191| 74.609|| 241 94.141| - -
42(16.406|| 92(35.938| 142| 55.469/ 192| 75.000| 242| 94.531: - -
43(16.797 | 93|36.328|| 143| 55.859)1 193| 75.391| 243| 94.9221 - -
44117.188|| 94|36.719( 144| 56.250|| 194| 75.781| 244| 95.312| - -
45117.578|| 95/37.109| 145| 56.641|| 195 76.172(| 245 95.703| - -
46117 .969)1 96|37.500|, 146| 57.031|) 196) 76.562/| 246| 96.094, - -
47(18.359|| 97(37.891| 147| 57.422|| 197| 76.953|| 247| 96.484; -~ -
48(18.750)| 98i38.281| 148 57.812/| 198| 77.344| 248| 97.875| - -~
49(19.141|] 99/38.672|| 149/ 58.203|| 199 77.734|| 249, 97.266, - -
50119.531)| 100|39.062|| 150| 58.594|| 200| 78.125|| 250 97.656 | - -
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NINTH ANCESTRAL GENERATION.

A 1 z ‘ A

{ i |

1| .195/| 51| 9.961;| 101

2| .391|| 52[10.156/| 102

3| .586|| 53/10.352| 103

4| .781|| 54/10.547|| 104

5| .977|| 55110.742|| 105

8 1.172|| 56110.938| 106 . . .

7| 1.367!| 57|11.133|| 107 . . .

8| 1.562{| 58(11.328|) 108 30.859|| 208| 40.625!| 258| 50.391
9| 1.758) 59/11.523| 109/ 21.289|| 159! 31.055|| 209| 40.820i| 259| 50.536
10{ 1.953|, 60|11.719|] 110| 21.484| 160] 31.250|| 210/ 41.016|] 260 50.781
11 2.148]1 61|11.914|| 111| 21.680| 161| 31.445|| 211, 41.211] 261| 50.977
12| 2.344(| 62|12.109|| 112| 21.875| 162| 31.641| 212| 41.406] 262| 51.172
13| 2.539/| 63|12.305|| 113| 22.070| 163 31.836| 213| 41.602|| 263| 51.367
141 2.7341 64/12.500| 114| 22.266| 164| 32.031|| 214| 41.797|| 264| 51.562
15| 2.930|| 65{12.695|| 115| 22.461| 165 32.227| 215/ 41.992|| 265 51.758
16/ 3.125/| 66]12.891|| 116| 22.656| 166 32.422|| 216| 42.188!| 266/ 51.953
17| 3.320|| 67|13.086|| 117| 22.852| 167 32.617| 217| 42.383|| 267| 52.148
18/ 3.516|| 68]13.281]| 118| 23.047| 168| 32.812| 218| 42.578|| 268| 52.344
191 3.711/| 69|13.477|| 119| 23.242| 169| 33.008| 219| 42.773|| 269] 52.530
20| 3.906,; 70!13.672|| 120| 23.438! 170| 33.203|| 220| 42.069)| 270 52.734
21 4.102|| 71/13.867|| 121| 23.633| 171| 33.398/("221/ 43.164/ 271| 52.930
22| 4.297|| 72(14.062|| 122| 23.828| 172| 33.594| 222| 43.359|| 272| 53.125
23| 4.492|| 73/14.258|| 123| 24.023| 173| 33.789|| 223| 43.555/ 273| 53.320
24| 4.688| 74/14.453|| 124| 24.219|| 174| 33.984| 224! 43.750|| 274| 53.516
25| 4.883)| 7514.648|| 125| 24.414|| 175, 34.180| 225| 43.945|| 275 53.711
26| 5.078|| 76|14.844|| 126/ 24.609|| 176 34.375|| 226| 44.141|| 276/ 53.906
271 5.273;| 77|15.039|| 127, 24.805| 177 34.570|| 227| 44.336|| 277| 54.102
28 5.469|| 78/15.234|| 128| 25.000|| 178| 34.766| 228| 44.531|| 278| 54.297
29| 5.66411 79(15.430(| 129| 25.195|| 179 34.961|| 229| 44.727|| 279| 54.492
30| 5.859|| 80|15.625|| 130} 25.391| 180| 35.156|| 230 44.922|| 280| 54.688
81, 6.055/! 81/15.820| 131 25.586/| 181| 35.352|| 231/ 45.117| 281| 54.883
32 6.250|| 82|16.016| 132| 25.781|| 182| 35.547|| 232| 45.312|| 282| 55.078
33| 6.445|| 83/16.211|| 133| 25.977|| 183| 35.742|| 233| 45.508| 283| 55.273
84| 6.641|| 84(16.406,| 134| 26.172| 184| 35.938|| 234| 45.703|| 284| 55.469
35 6.836|| 8516.602\| 135| 26.367|| 185/ 36.133|| 235 45.898|| 285 55.664
36| 7.031|| 86/16.797!| 136| 26.562| 186/ 36.328|| 236 46.094|| 286 55.859
87| 7.227|| 87|16.992|| 137| 26.758|| 187 36.523| 237 46 289l 287| 56.055
38| 7.4221 88/17.188| 138/ 26.953|| 188| 36.719|| 238 46 484/ 288| 56.250
39 7.617|| 89117.383|| 139| 27.148|| 189 36.914|| 239| 46.680|| 289| 56.445
40| 7.812|| 90|17.578|| 140| 27.344[[ 190| 37.109|| 240| 46 875|| 200| 56.641
411 8.008| 91/17.773)| 141| 27.539/| 191| 37.305|| 241| 47.070{| 201] 56.836
42| 8.203|| 92/17.969|| 142 27.734/; 192| 37.500/| 242| 47.266| 292| 57.031
43| 8.398|| 03/18.164|| 143| 27.930|| 193] 37.695| 243| 47.461| 203| 57.227
44| 8.504|| 94/18.359|| 144] 28.125|| 194| 37.891| 244| 47.656| 204| 57.422
45| 8.789|| 905(18.555|| 145 28.320|| 195 38.086| 245| 47.852| 205/ 57.617
46| 8.984/| 96/18.750|| 146 28.516|| 196 .281(| 246| 48.047|| 296| 57.812
47| 9.180|1 97/18.945|| 147| 28.711|| 197| 38.477|| 247/ 48.242( 297| 58.008
481 9.375/] 98/19.141]| 148| 28.906|| 198| 38.672|| 248| 48.438| 298| 58.203
491 9.570/] 99(19.336/| 149 29 102|| 199 38.867|| 249! 48.633| 299| 58 398
50/ 9.766(| 100{19.531)| 150 29.297|, 200, 39.062|| 250 48.828|| 300| 58 594
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NINTH ANCESTRAL GENERATION.

(Concluded.)

Dri1 =512
sl e el zfafzfaf=]a]s
|
301! 58.789 351) 68.555 401 78.320 451/ 88.086 501| 97.852
302| 58.984 352! 68.750 402| 78.516 452| 88.281 502| 98.047
303 59.180 353| 68.945 403, 78.711 453| 88.477 503| 98.242
304| 59.375 354| 69.141 404, 78.906 454| 88.672 504| 98.438
305, 59.570 355/ 69.336 405 79.102 455/ 88.867 505, 98.633
306 59.766 3561 69.531 406) 79.297 456| 89.062 506/ 98.828
307 59.961 357, 69.727 407/ 79.492 457| 89.258 507| 99.023
308! 60.156 3581 69.922 408| 79.688 458, 89.453 508! 99.219
309 60.352 359 70.117 409| 79.883 459| 89.648 509| 99.414
310| 60.547 360 70.312 410 80.078 460, 89.844 510 99.609
311| 60.742 361| 70.508 411| 80.273 461| 90.039 511| 99.805
312] 60.938 362, 70.703 412 80.469 462/ 90.234 - -
313} 61.133 363| 70.898 413| 80.664 463) 90.430 -
314| 61.328 364! 71.094 414| 80.859 464| 90.625 - -
315, 61.523 365, 71.289 415 81.055 465/ 90.820 - -
316, 61.719 366, 71.484 416/ 81.250! 466/ 91.016 - -
317, 61.914 367| 71.680 417 81.445 467 91.211 - -
318) 62.109 368 71.875 418/ 81.641 468 91.406 - -
319 62.305 369 72.070 419, 81.836 469| 91.602 - -
320] 62.500 370/ 72.266 420, 82.031 470/ 91.797 - -
3211 62.695 371 72.461 421| 82.227 4711 91.992 - -
322| 62.891 372! 72.656/ 422| 82 .422 472| 92.188 - -
323] 63.086 373| 72.852 423 82.617 473| 92.383 - -
324 63.281 374 73.047 424, 82.812 474| 92.578 - -
325 63.477 375/ 73.242 425/ 83.008 475 92.773;: - -
326/ 63.672 376| 73.438 426/ 83.203 476, 92.969 - -
327| 63.867 377] 73.633 427) 83.398 477| 93.164 - -
328 64.062 378| 73.828 428! 83.594 478! 03.359|| - -
329, 64.258 379| 74.023 429/ 83.789 479! 93.555|] - -
330, 64.453 380 74.219 430/ 83.984 480 93.750: - -
3311 64.648 381| 74.414 431| 84.180 481 93.9451 - -
332) 64.844 382 74.609 432| 84.375 482| 94.141/ - -
333 65.039 383| 74.805 433 84.570 4831 94.336 - -
334/ 65.234 3841 75.000 434| 84.766 484| 94.531 - -
335 65.430 385 75.195 435 84.961 485/ 94.727 - -
336/ 65.625 386| 75.391 436; 85.156 486| 94.922 - -
337| 65.820 387| 75.586 437/ 85.352 487] 95.117 - -
338| 66.016 388, 75.781 438| 85.547 488} 95.312)] - -
339| 66.211 389 75.97 439| 85.742 489| 95.508 - -
340/ 66.406 390, 76.172 440 85.938 490, 95.703 - -
341| 66.602 391| 76.367 441/ 86.133 491 95.898 - -
“342| 66.797 392 76.562 442/ 86.328 492 96.094 - -
343| 66.992 393! 76.758 443! 86.523 493| 96.289 - -
344| 67.188 394| 76.953 444| 86.719 494) 06.484| - -
345 67.383 3951 77.1 445 86.914 495/ 96.680; - -
346/ 67.578 396| 77.344 446| 87.109 496| 96.875 - -
347! 67.773 397} 77.539 447| 87.305 497 97.070 - -
348| 67.969 398 77.734 448| 87.500 498 97.266 - -
349| 68.164 399| 77.930 449| 87.695 499, 97.461 - -
350| 68.359 400| 78.125 450, 87.891 500, 97.656 - -
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Py =1024
A ‘ Z ' A ‘ z “ A { VA ” A l Z { A ’ 1 H A ‘ zZ
11 .098| 51| 4.980, 101 9.863 1.51| 14.746 ! 201, 19.629|| 251 24.512
2\ .195)| 52| 5 .078‘ 102/  9.961| 152 14.844| 202| 19.727|| 252| 24.609
3| .293]| 53| 5.176:| 103' 10.0591| 153 14.941|| 203 19.824|| 253| 24.707
4 .391' b4 5.273| 104 10.156|| 154 15.039|| 204 19.922|| 254 24.805
5] .4881) 55 5.371) 105 10.254) 155 15.137)| 205| 20.020| 255{ 24.902
6| .586{ 56 5.4691 106 10.352|| 156 15.234 l 206, 20.117 1 256 25.000
7| .68411 57| 5.566.| 107, 10.449}) 157| 15.332) 207 20.215|| 257 25.098
8 781| 58| 5.664;| 108 10.547|| 158/ 15.430 ' 208 20.312|| 258 25.195
9| .879|| 59| 5.762'| 109 10.645| 159| 15.527)! 209| 20.410/| 259| 25.293
10 ‘977‘ 60| 5.859'| 110 10.742|| 160} 15.625) 210} 20.508| 260| 25.391
! . i
11) 1.074|| 61| 5.957;) 111 10.840|| 161 15.723 i 211| 20.605| 261| 25.488
12) 1.172)) 62 6.055'| 112: 10.938|| 162| 15.820 i 2121 20.703} 262| 25.586
13| 1.270|| 63| 6.152]} 113 11.035|| 163| 15.018|| 213| 20.801| 263| 25.684
14| 1.367|| 64| 6.250!| 114 11.133|| 164! 16.016{! 214| 20.898| 264! 25.781
15| 1 '465i 65| 6.348'| 115 11.230{| 165, 16.113|| 215 20.996| 265/ 25.879
16 1.562‘ 66/ 6.445 | 116 11.328/| 166| 16.211;; 216| 21.094| 266/ 25.977
17| 1.660| 67| 6.543 | 117 11.426/| 167| 16.309| 217/ 21.191| 267| 26.074
18| 1.758|| 68 6.641'| 118 11.523|| 168] 16.406|| 218/ 21.289| 268 26.172
19; 1.855/| 69| 6.738 | 119 11.621|| 169/ 16.504|; 219 21.387|| 269| 26.270
20| 1.953|] 70| 6.836 | 120 11.719|| 170 16.602 220\ 21.484) 270 36 .367
21{ 2.051 710 6.934:| 121 11.816|| 171 16.699|; 221 21.582[| 271| 26.465
22| 2.148|| 72| 7.031. 122, 11.914}| 172| 16.797 ‘ 222, 21.680 272! 26.562
23| 2.246|| 73| 7.129 123 12.012|| 173| 16.895/| 223 21.777| 273| 26.660
24| 2.344| 74| 7.227| 124 12.109!| 174] 16.992|i-224| 21.875/| 274| 26.758
25| 2.441 75| 7.324|| 125 12.207| 175 17.090|| 225| 21.973| 275, 26.855
261 2.539| 76| 7.422|| 126| 12.305/] 176| 17.188!1 226! 22.070!| 276: 26.953
27| 2.637|| 77, 7.520|| 127! 12.402|| 177| 17.285| 227| 22.168.| 277: 27.051
28| 2.734|| 78} 7.617|| 128| 12.500| 178 17.383|| 228| 22.266 | 278/ 27.148
29| 2.832|| 79| 7.715|| 129| 12.598|i 179 17.480 | 229 22.363 | 279/ 27.246
30| 2.930|| 80| 7.812| 130| 12.695(| 180/ 17.578| 230| 22. 461/ 280“ 27.344
31| 3.027|| 81 7.910|| 131| 12.793) 181| 17.676|| 231| 22.559 | 281 27.441
32| 3.125| 82| 8.008|| 132/ 12.891|' 182 17.773( 232 22.656| 282 27.539
33| 3.223|| 83| 8.105)| 133| 12,988| 183| 17.871|| 233 22.754 | 283| 27.637
34| 3.320|| 84| 8.203|| 134| 13.086/ 184| 17.969|| 234 22.852| 284| 27.734
35 3.418‘; 85| 8.301|| 135/ 13.184| 185, 18.066| 235 22.949 285 27.832
36| 3.516'| 86| 8.398( 136/ 13.281/ 186! 18.164|| 236/ 23.047 | 286, 27.9
37| 3.613:| 87| 8.496)! 137/ 13.379|| 187 18.262| 237! 23.145| 287 2R.027
38| 3.7111{ 88| 8.594|| 138} 13.477|| 188| 18.359| 238) 23.242| 288, 28.125
39( 3.809 ( 89| 8.691|| 139| 13.574| 189/ 18.457|| 239/ 23.340 | 289/ 28.223
40| 3. 906‘ 90| 8.789|| 140| 13.672| 190| 18.555|| 240| 23.438 290J 28.320
41| 4.004 | 91| 8.887|| 141 13.770|| 191| 18.652|| 241 23.535| 291 28.418
42 4, 102] 92/ 8.984(] 142 13.867 192] 18.750|| 242| 23.633 | 292. 28 516
43! 4.1991( 93| 9.082{| 143| 13.965 i 193| 18.848{| 243| 23.730| 2931 28.613
44| 4.297/| 94| 9.180{ 144/ 14.062| 194 18.945/| 244| 23.828 | 294 711
45| 4.395(| 95 9.277|| 145/ 14.160| 195 19.043)| 245/ 23.926! 295] 28.809
! l -
46| 4.492/| 96| 9.375| 146! 14.258| 196| 19.141| 246/ 24.023 | 296/ 28.908
47! 4, 590i 97/ 9.473| 147/ 14.355|| 197| 19.238/ 247| 24.121: 297 29 004
48| 4.688/! 98| 9.570{| 1481 14.453| 198| 19.336|| 248 24.219.| 298, 29.102
49| 4. 785J 99/ 9.668(| 149| 14.551| 199| 19.434|| 249 4.316 | 299| 29.199
50 4.883i 100| 9.766|| 150{ 14.648( 200| 19.531|] 250 24.414i 300, 29.297
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(Continued.)

Py =1024
A Z A Z A Z ‘[ A ¥4 L A Z " A 4
301:29.395(| 351{34.277|| 401| 39.160(| 451 44.043( 501] 48 926|| 551| 53.809
302(29.4921| 352(34.375(| 402] 39.258| 452 44.141|| 502| 49.023| 552 53.906
303129.590() 353|34.473|| 403| 39.355 453| 44.238|| 503 49.121|| 553| 54.004
304(29.688({ 354(34.570(| 404| 39.453| 454 44.336(; 504 49.219( 554| 54.102
305(29.785)| 355/34.668{| 405/ 39.551|| 455 44.434| 505 49.316| 555/ 54.199
306(29.883 | 356/34.766(( 406 39.648| 456 44.531( 506 49.414 556| 54.297
307{29.980|| 357|34.863|| 407| 39.746|| 457| 44.629, 507 49.512|| 557| 54.395
308(30.078|| 358/34.961|| 408 39.844; 458| 44.727( 508| 49.609(| 558| 54.492
309/30.176! 359/35.059(/ 409/ 39.9411 459! 44.824})1 509 49.707| 559! 54.590
310|30.273|| 36035.156)| 410| 40.039|| 460 44.922| 510/ 49.805|| 560 54.688
311(30.371{| 361{35.254( 411 40.137| 461| 45.020(| 511| 49.902| 561/ 54.785
312|30.469|| 362(35.352|1 412 40.234|| 462| 45.117| 512| 50.000| 562| 54.883
313{30.566|| 363|35.449|| 413 40.332| 463| 45.215| 513| 50.098|| 563] 54.980
314(30.664|; 364(35 547/ 414 40.430/ 464| 45.312|| 514/ 50.195|| 564/ 55.078
315(30.762|| 365/35.645|| 415 40.527| 465| 45.410| 515| 50.293| 565 55.176
316/30.859)) 366/35.742/| 416/ 40.625/ 466] 45.508|] 516/ 50.391|, 566 55.273
317(30.957|| 367|35.840|| 417| 40.723|| 467\ 45.605|| 517| 50.488|| 567| 55.371
318(31.055|| 368(35.938!| 418 40.820( 468 45.703|| 518] 50.586|, 568/ 55.469
319|31.1521} 369!36.035|| 419| 40.918) 469| 45.801|| 519| 50.684|| 569/ 55.566
320(31.250(| 370|36.133|| 420] 41.016|| 470] 45.898|| 520/ 50.781|| 570 55.664
321{31.348|| 371{36.230/| 421| 41.113) 471| 45.996|| 521| 50.879}| 571| '55.762
322(31.445|( 372(36.328|] 422! 41.211|| 472] 46.094|| 522 50.977|| 572| 55.859
323(31.5431| 373,36.426|| 423! 41.309!| 473| 46.191|| 523| 51.074|| 573| 55.957
324|31.641|| 374136.523)] 424| 41.406,) 474| 46.289!| 524| 51.172|| 574| 56.055
325(31.738|| 375|36.621|| 425 41.504|| 475 46.387|| 525| 51.270(| 575 56.152
326/31.836|| 376136.719!| 426 41.602|| 476| 46.484)| 526| 51.367|| 576] 56.250
327(31.934(| 377|36.816(| 427| 41.699|| 477, 46.582(| 527\ 51.465| 577, 56.348
328(32.031|| 378|36.914| 428 41.797!( 478 46.680|' 528" 51.562|| 578 56.445
329(32.129|| 379|37.012|| 429] 41.895/| 479! 46.777|, 529| 51.660i| 579 56.543
330(32.227|| 380(37.109|| 430| 41.992|{ 480 46.875| 530| 51.758(| 580 56.641
331{32.324|| 381|37.207|| 431{ 42.090|| 481| 46.973|| 531| 51.855|| 581| 56.738
332(32.422(| 382(37.305(| 432| 42.188)( 482 47.070(f 532| 51.953(| 582 56.836
333(32.520|| 383|37.402|| 433| 42.285| 483| 47.168|| 533| 52.051| 583| 56.934
334{32.617|| 384|37.500|| 434 42.383|| 484| 47.266| 534) 52.148|| 584| 57.031
335(32.715(] 385/37.598]| 435| 42.480| 485 47 363’ 535! 52.246! 585; 57.129
336(32.812(| 386(37.695|| 436| 42.578|| 486| 47.461| 536, 52.344| 586 57.227
337/32.910| 387(37.793|| 437| 42.676| 487/ 47.559|| 537 52.441|| 587 57.324
338|33.008|| 388[37.891 | 438 42.773|| 488| 47.656|| 538 52.539 | 588 57.422
339(33.105|| 389(37.988| 439| 42.871| 489 47.754|| 539 52.637| 589 57.520
340(33.203]| 390{38.086|| 440/ 42.969| 490 47.852)| 540! 52.734|| 590, 57.617
341|33.301|  391(38.184|| 441| 43.066|| 491| 47.949|| 541} 52.832|| 591| 57.715
342/33.398|/ 392/38.281/ 442 43.164| 492) 48.047)| 542| 52.930/| 592, 57.812
343!33.496|] 393(38.379|| 443| 43.262|| 493| 48.145/| 543| 53.027; 593 57.910
344{33.594| 394(38.477|| 444| 43.359|| 494 48.242) 544 53 125/ 594! 58.008
345/33.691|| 395/38.574|| 445 43.457| 495 48.340(| 545 53.223)| 595 58.105
346(33.789|| 396/|38.672|| 446| 43.555|| 496| 48.438|| 546| 53.320(| 596, 58.203
347)33.887| 397!38.770)| 447 43.652;) 497) 48.535|| 547 53.418| 597| 58.301
348(33.9841| 398/38.867|| 448| 43.750!| 498| 48.633|| 548 53.516| 598/ 58.398
340(|34.082|| 399(|38.965|| 449 43.848| 499| 48.730 | 5491 53.613|' 5991 . 58.496
350(34.180|/ 400/39.062/; 450| 43.945|| 500] 48.828|| 550/ 53.711 . 600, 58.594
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TENTH ANCESTRAL GENERATION. (Continued.)
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TENTH ANCESTRAL GENERATION,
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BULLETIN No. 219.

COMPARATIVE STUDIES OF CERTAIN DISEASE
PRODUCING SPECIES OF FUSARIUM.

CuarrLges E. Lewis,

The genus, Fusarium, contains a very large number of species.
The descriptions of many of these are very incomplete, fre-
quently, being based on the examination of a single collection of
material. Since cultural studies of certain species have shown
that the same fungus may show quite different characteristics
when the conditions for growth are changed, the validity of
many of the species is called in question. For example, in cer-
tain species of Fusarium starting with material from a colony
from a single spore it would be possible by growing the fungus
on different culture media to bring about differences as great as
thos~ which have been used in the separation of species. In
many cases, in those forms which are parasitic, the occurrence
of a Fusarium on different though closely related hosts has
been considered sufficient reason by certain writers for describ-
ing the fungus on each as a different species. A good illustra-
tion of this is found in the fungus causing the scab of a number
of cereals. It was described under a different name on each
host but the work of Selby and Manns * has shown that the
same fungus causes the disease in several hosts. This was
determined by growing the fungus from each host in culture, -
comparing the cultures and making cross inoculations.

It is probable that careful and extended cultural studies
together with inoculation experiments will greatly reduce the
number of species. One great difficulty lies in the incomplete
descriptions which make it impossible in many cases to deter-

* Selby, A. D., and Manns, T. F., Ohio Expt. Sta., Bul. 203, p. '231,
1009.
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mine whether the fungus which is being studied has been
described. In some cases, an investigator after making an
extended study of a species of this genus has described it as
new because of the impossibility of placing it among those
already described and at the same time has pointed out the pos-
sibility that it may have been incompletely described under
another name. These new species however in which the descrip-
tions take into consideration the characters of the fungus under
different conditions of growth make it possible to determine
with a considerable degree of certainty whether a fungus which
is being studied agrees with the description or not. In some
cases the account of the study of a species may become so
extended as to make it difficult for the reader to pick out the
mest important points. It would be very desirable if each per-
son who works with a species of Fusarium would either keep
the fungus in culture or would send a culture to a laboratory
which would keep it growing so that others who desire to do
so may obtain it for comparison. In the study of this genus,
the comparison of species grown side by side under the same
conditions is very desirable.

Interest in the genus has increased with the knowledge that a
number of very mmportant plant diseases are caused by species
of Fusarium. There can be little question that with further
study it will be found that some of them which have been
regarded as saprophytes are parasites which cause a considerable
amount of damage to living plants. Owing to the difficulty in
determining the species and the amount of cross inoculation
work which should be done in order to determine the extent of
the parasitism of each, a large amourt of study is necessary in
order to come to definite knowledge in regard to the character-
istics of each and its importance as a cause of disease.

On account of the lack of knowledge of the diseases caused
by species of Fusarium in Maine, although such fungi were
frequently encountered in the examination of diseased plant
tissues, it has seemed desirable to make some study of the forms
isolated from different hosts and to test their pathogenicity by
means of inoculation experiments.

In the study of the fungi responsible for the decay of Maine
apples, two species of Fusarium were isolated from decaying
fruit in 1908. These fungi were grown in pure culture and
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were tested to determine the extent to which they would cause
decay of ripe apples. It was found that each of these caused
rot and at about the same rate as some of the well known apple
decay fungi which were being studied at the same time. Not
much work was done with these fungi until the next summer
when green apples were inoculated and a decay was produced
in each case. The decay of the green fruit was regarded as
better proof that they are parasites than the rot of the ripe fruit
because a number of fungi-are able to grow on ripe apples which
cannot attack green fruit. The organisms were re-isolated in
pure culture in a sufficient number of cases to make sure that
the decay was caused by the fungus with which the apple was
inoculated. These strains were designated Fusarium I and
Fusarium II from apple, or F T and F II. (See list on p. 222).

In looking up the subject, no reference was found to any
report of a Fusarium decay of apples in America but it was
found that Osterwalder * had studied and described such a
decay in Europe. The fungus which causes the rot enters the
apples through the blossom end and grows down into the cavity
around the seeds spreading from here into the surrounding tis-
sues. The tissues become light brown in color and bitter to the
taste. )

Osterwalder studied the fungus not only as it occurs in nature
but in culture on a number of media and describes its charac-
teristics in some detail. He regarded it as a new species, F.
putrefaciens. Inoculations were made on both apples and pears
and it was found that when the fungus was placed in wounds it
caused decay, but attempts to produce infection through tie
uninjured epidermis resulted in failure. Only one such apple
rotted and this rot was caused by another fungus, Cephalothe-
cium roseum Cda. ) ‘

The review of this article in Experiment Station Record, Vol.
XVII, p. 50, says: ‘“The author claims that the fungus is iden-
tical with that reported by Eustace as Cephalothecium roscum
which causes a rot of apples. He agrees with Eustace ¥ and

* Osterwalder, A. Ueber cine bisher unbekannte Art der Kernobstfiule
verursacht durch Fusarium putrefaciens Nov. spec. Centrabl. Bakt.
Zweite Abt. 13, 207-213; 330-338, 1004.

t Fustace, H. J., N. Y, State Sta. Bul. 227, 1g02.



206 MAINE AGRICULTURXAL EXPERIMENT STATION. IQI3.

others on the ability of this fungus to cause a rotting of the
fruits in this way refuting the claims of a number of European
investigators.” The writer did not find anything in Oster-
walder’s account to indicate that he Yegarded F. putrefaciens
and C. roseum as identical. In connection with the fact that
C. roseum was isolated from an apple which decayed after
inoculation with the Fusarium, the status of C. roseum as an
apple decay is discussed but this is followed in the next para-
graph by a discussion of the species of Fusarium which have
been described from apple fruit with the result that it was
decided that the Fusarium which had been studied should be
regarded as a new species, F. putrefaciens.

Owing to the similarity of the decay found in Maine to
that described by Osterwalder and the fact that one of the fungi,
F I, found here seemed to agree rather closely with the descrip-
tion of F. puirefaciens, a culture was secured from Dr. Oster-
walder in July, 1909, and has been grown on the same media
since that time for comparison with the species isolated in
Maine:* Some slight differences have been observed in cultural
characteristics chiefly in the red color of the mycelium. The
red color is much brighter in the Maine form than in the Euro-
pean on the same medium under the same conditions. Inocula-
tions of apples showed that F. putrefaciens and the similar form
from Maine caused decay of fruit at so nearly the same rate that
one could not be regarded as a more active cause of decay than
the other.

Fach year since 1908 a considerable number of apples have
been found in which a Fusarium was causing decay. The
Fusarium rot is easily distinguished from the other common
apple rots in its later stages when the mycelium has grown out
through the lenticels and has partially covered the surface of
the apple. This aerial mycelium is white at first but soon takes
on some red and yellow color. In the early stages it is not
always possible to distinguish this rot from those caused by
other fungi. The decayed tissues are light brown in color and
are bitter to the taste. The skin of the apple is darker in color
than in the case of apples rotted by Penicillium but not so dark
as with Sphaeropsis or Glomerella. '

* See foot-note p. 254.
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Fusarium may attack the apple fruit in 2 ways. Both of
the species isolated in 1908 were first found growing in wounds
on the surface of the fruits. Associated with them were other
fungi, part of which proved to be parasites and part saprophytes
when inoculations were made into apple fruits. Later each of
the two species was found growing in the cavity around the
seeds and spreading into the surrounding tissues to cause decay
just as Osterwalder described for F. putrefaciens. In such
cases the fungus enters the seed cavities through the canal which
extends down from the blossom end and which does not become
closed in some varieties. Apples which appear sound may show
when cut open a growth of mycelium around the seeds. If such
apples are kept in cold storage, the fungus cannot grow but
when the apples are subjected to a higher temperature for sev-
eral days the mycelium spreads into the surrounding tissues
causing the loss of the fruit. Either F I or F II may be respon-
sible for such decay. As will be shown later Fusarium forms
from a number of sources are capable of causing rot of apple
fruits upon inoculation but these two species are the only ones
which have been found to occur on the fruit in nature to such
an extent as to cause much loss. A third form was isolated
from a decaying apple in 1909 but has not been found again.

While these species of Fusarium are to be regarded as causes
of storage rot of ripe apples, that part of the infection which
takes place through the blossom end probably occurs in most
cases before the apples are placed in storage. In some cases,
" infection through wounds may also occur before harvesting as
in apples injured by insects or by hail. Wounds caused by rough
handling also serve as a place of entrance for these as for other
rot fungi. In a few cases green apples on the tree showing
growth of Fusarium on wounded places have been found. Fig.
105 shows the appearance of such an apple. The fungus was
isolated from this apple and has been grown for more than two
years in comparison with Fusarium I with the result that the two
strains are regarded as belonging to the same species. This
has been isolated a number of times from apples. In one lot of
Milden apples which were under observation in 1912 mycelium
of a Fusarium was found in the core in many cases. ' Later an
attempt was made to isolate the fungus from each of 20 of the
apples which were either partially or wholly decayed and in
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which the rot appeared to be caused by a species of Fusarium.
Small pieces of decayed tissue were removed from the inner
part of each apple and placed in plates containing 10 c. c. of
prune agar. From 15 of the 20 apples pure cultures of Fusarium
were found. The plates from the other apples showed a growth
of Fusarium but there was also a growth of other fungi. Trans-
fers were made from the plates to tubes and the growth on
various media agreed very closely with that of F I. Tests were
made of ten of these strains which proved that each was capable
of producing decay in apples of three varieties, Baldwin, Mann
and Bellflower. One strain was used in making inoculations of
apples of each of the following varieties: Rhode Island Green-
ing, Baldwin, Gano and Northern Spy, with the result that decay
was produced in all.

F I grows readily on a large number of the culture media
which are in common use in growing fungi for study. On ster-
ilized bean pods, potato, carrot, turnip, and beet cylinders in
tubes, a rather large amount of white aerial mycelium is pro-
duced within 3 to 5 days after transfers are made if the cultures
are kept at a favorable temperature for growth. Usually within
5 days, red color begins to appear in the mycelium near the cul-
ture medium. In a few days, this covers the whole slant in
vegetable cylinders and becomes a very bright red. When the
cultures become older there is some yellowish and greenish yel-
low mycelium. This was especially noticeable on beet cylinder
cultures three weeks old.

In cultures grown under favorable conditions, great quantities -
of spores are produced. In young cultures spores of many
shapes and sizes are found. These include as one extreme one-
celled spores, about 8 microns in length, which have usually been
designated microconidia and as the other large, 5-septate spores,
52 microns in length, which have been called macroconidia. In
older cultures of this fungus when the conditions of growth are
favorable to their development, orange colored masses of spores
are produced. The spores found in these sporodochia are more
uniform in shape and size than those found in the young cul-
tures, as shown in Figs. 85, 8 and 88.
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Appel and Wollenweber * regard these as normal spores while
the spores of various shapes and sizes are regarded as abnormal,
They base much of their classification of species on the shape
and size of the spores produced in sporodochia. According to
their account the sporodochia are produced readily when fully
developed normal spores are transferred to sterilized plant stems
in tubes. If on the other hand, mycelium is transferred there
is growth of much more mycelium and the sporodochia do not
develop so readily, if at all. The writer is able to confirm this
from the results of work with certain strains of this species
from apple. Sporodochia appeared in the cultures and when
transfers were made from these to potato cylind\érs the whole
slant became covered with an orange colored mass of spores,
after a few days’ growth. On the same date transfers were
made using material from the aerial mycelium from the same
tube with the results that in the cultures from this source
mycelium began to develop at once giving a growth so different
in character from that which developed from spores that the
two sets of cultures might be classified as belonging to different
species or even genera if the classification was based on these
cultures alone without regard to their origin.

F II from apple agrees in certain characteristics with F I. On
the same culture media the two fungi give a somewhat similar
appearance. Both produce an abundance of white aerial
mycelium although the amount is slightly greater in F II. The
red color is the same in the two forms and differs from that in
the cultures of F. putrefaciens, ¥ XII, sent to me by Oster-
walder when all are grown on the same medium. In F. putre-
faciens the red color is not so bright but seems dull in compari-
son and it extends to the aerial mycelium to a greater extent than
in F T and F II so that there is not so much contrast between
the white aerial mycelium and the red color next to the medium.
This difference has been noted many times.

T II can be readily distinguished from F I by microscopic
examination of the spores. In the former, an additional type
of spore is found. These spores are obovate to pyriform in shape,
the obovate spores usually being one-celled and pyriform spores

* Appel, O., and Wollenweber, H. W. Grundlagen einer Monographie
der Gattung Fusarium (Link). Arbeiten aus der Kaiserlichen Anstalt .
fiir Land-und Forstwirtschaft. Band VIII, Heft I, 1910.
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2-celled. Very frequently in cultures 2 to 4 weeks old the spores
of the obovate type in this fungus are about equal in number to
those of the septate Fusarium type while in the same cultures
when a few days old a much smaller proportion of obovate
spores is found. This is especially striking when the spores are
sown in prune agar plates. The young colonies begin to produce
spores of the septate Fusarium type in 3 to 4 days but if the
c‘ultures| are allowed to continue their growth for 3 to 4 weeks
large number of spores of the obovate type are produced. Figs.
89 to 93 show the different forms of spores which are found
in cultures of this fungus, F II and F IV being strains of
the same fungus. The obovate spores are as a rule about 8
microns in diameter, the septate vary from 11 to 41 microns
in length and from 2.75 to 5.5 in width. They are one to
5-septate and may be straight or curved. According to the
system of Appel and Wollenweber the spores which occur in
the young cultures on agar are to be regarded as abnormal.

The first thought to occur on finding spores of the obovate
and pyriform types in cultures which in other respect are so
strikingly similar to typical cultures of Fusarium is that the
cultures must not be pure. Plating out and starting from colo-
nies which had developed from single spores gave cultures which
produced the different types of spores. Moreover, it is possible
to find spores of the long type and of the obovate type cut off
from the same conidiophore so that one is forced to the con-
clusion that the extremely different forms belong to the same
fungus.

In the first examinations of fungi of the type of F IT found
in connection with studies of decaying apples, the writer felt
no hesitancy in referring the fungus to that genus on account of
its striking similarity to other species of the genus. Later when
it was found that the obovate, pyriform, and septate spores
belonged to the same fungus the question of its proper classi-
fication became more difficult. Of the many species of Fusa-
rium, the writer found none which was described as producing
spores of such a strikingly obovate form. However, it is to be .
remembered that only a comparatively small number of the
species of Fusarium were described from material which had
been under observation in culture for a long enough time that
all of the spore forms could be taken into consideration. For

’
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example material of F II collected as it occurs naturally in
decaying apples may show in some cases practically all spores of
the septate Fusarium type while in other cases the obovate
spores predominate. A description of the fungus which took
into consideration either of these conditions without regard to
the other would not be complete, ‘

Soon after it had been determined that the different spore
forms belonged to this fungus, the writer read Stewart and
Hodgkiss™* account of the Sporotrichum Bud-Rot of Carnations
and the Silver Top of June Grass. Stewart isolated a fungus
from decaying carnation buds, studied it in culture and carried
on inoculation experiments in which he proved that it caused the
rot of the buds. Diseased buds were sent to Dr. Peck who
described the fungus as a new species, Sporotrichum antho-
philum. Some time before this, Stewart had found a similar
fungus associated with the silver top of June grass which Dr.
Peck had named Sporotrichum poae. 'The descriptions of both
species were based on material as it occurs in nature.

When Stewart grew the fungi from the two sources in culture,
it was found that they gave exactly the same kind of growth on
a number cf media. Both were characterized by the production
of a large amount of white aerial mycelium and by red color’
next to the medium. The spores in both were obovate to pyri-
form with occasional septate spores of the type of Fusarium
macroconidia. By means of inoculations, he showed that the
fungus isolated from June grass would also cause the rot of
carnation buds and therefore concluded that the two species,
S. poae and S. anthophilum should be regarded as one species
which should be called S. poae because that species name was
used earlier than the other.

The writer was impressed by the striking similarity of the
carnation bud-rot fungus and the fungus from apples which has
been referred to as F II. The fungus from apples agrees with
the description of the one from carnations and June grass in its
rapid growth, production of a large amount of white aerial
mycelium, production of red color on a number of media and n

* Stewart, F. C., and Hodgkiss, H. E. The Sporotrichum Bud-Rot
of Carnations and the Silver Top of June Grass. N. Y. Agr. Exp. Sta.
Technical Bulletin No. 7, 1008.
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the spores which vary from the obovate type of Sporotrichum to
the septate type of Fusarium. The chief difference which is to
be noted is that the fungus studied by Stewart is described as
producing a predominance of spores of the obovate to pyriform
type while in the fungus isolated from apples in Maine the type
of spore which predominates varies with the age of the culture
and with the conditions of growth.

In response to a request for cultures of the carnation bud-rot
fungus for comparison with the apple fungus, Stewart replied
that after the completion of their studies the cultures had been
allowed to die. Some of the old cultures had been saved, how-
ever, and these were sent. While the writer did not have the
opportunity to see this fungus alive and growing under the same
conditions as the fungus from apple, there seemed little reason
to doubt that the two fungi were very closly related. The pro-
portion of obovate spores seemed greater in the old cultures
which were sent by Stewart than in old growths of the apple
fungus. The fact that so few spores of the septate type were
found caused Stewart to regard the fungus as being more prop-
erly classified in the genus Sporotrichum than in Fusarium,
although he points out that no other species of Sporotrichum is
described as having septate spores.

At about the same time that Stewart was studying the carna-
tion bud-rot Heald * was investigating a similar disease in
Nebraska. -In Heald’s first account of this disease published in
Science ¥ a species of Fusarium was regarded as the cause of
the rot but in the later publication the causal fungus is con-
sidered to be Sporotrichum anthophilum. Later in this paper
data will be presented which will show that the fungi encoun-
tered in the two cases were not necessarily the same. The writer
determined by means of inoculation experiments that cértain
typical species of Fusarium can cause rot of carnation buds so
that it is not impossible that Heald was working with two differ-
ent fungi. On the other hand the bud-rot fungus may have
shown a large proportion of septate spores in one case and of

* Heald, F. D. The Bud Rot of Carnations, Neh. Expt. Sta. Bul. 103,
1908.
+ Science, N. S., 23:620, 1006.
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obovate spores in the other. The illustrations of the fungus in
the later publication show no septate spores of the Fusarium
type. ,

The writer tried to secure a culture of the fungus but it was
no longer available. Dr. Heald kindly offered, however, to
examine cultures of the apple fungus and give his opinion as to
its identity with the one which he had studied in connection with
carnation bud-rot. After growing the apple fungus for some
time he reached the conclusion that it was very similar to his
carnation bud-rot fungus and should probably be regarded as
belonging to the same species. .

Soon after noticing the similarity of the carnation bud-rot
fungus and the apple rot fungus which had been designated as
F 11, inoculation experiments were begtin in which the one from
apple was tested on carnations in order to determine whether it
would cause bud-rot. A detailed account of the inoculations and
the results is given later in this paper. Here it is sufficient to
say that as the result of these inoculations it was found that
not only F II would cause the rot of the buds but that what
appear to be closely related fungi isolated from other hosts can
also produce the same disease. It was also found that certain
typical species of Fusarium were capable of causing the destruc-
tion of the buds.

Fungi of the same type as the carnation bud-rot organism
seem to be quite widely distributed in nature. The question of
whether these are to be regarded as strains of one species or as
closely related species is a difficult one. A fungus which is very
similar to the one associated with the carnation disease was
isolated from an ear rot of corn in Illinois and described by
Burrill and Barrett.* This fungus which they called Fusarium I
from corn produced a large amount of white aerial mycelium
which later shows red color next to the culture medium. It was
described as producing spores of two kinds, obovate to pyriform
microconidia and septate macroconidia of Fusarium.

In the fall of 1910 the writer asked Dr. Barrett if it would be
possible to obtain a culture of this fungus for comparison with
the apple decay fungus. At that time the cultures had been

* Burrill, T. J., and Barrett, J. T. Ear Rots of Corn. TIIl. Expt. Sta.
Brl. 133, p. 86, 1900.
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allowed to die in the Illinois Laboratory but Dr. Barrett offered
to-look over material of the apple fungus and give his opinion
as to its identity with the corn Fusarium I. Later, in the fall
of 1911, Dr. Barrett again secured cultures of the corn Fusarium
and after growing it and the apple fungus for some time under
. the same conditions sent a culture (carried in this laboratory as
F XXXVI) to the writer with the opinion that the two should
be regarded as distinct. '

Examination of material from young cultures of the corn
fungus shows that it produces a much greater proportion of
obovate spores than does F II from apples. In this it agrees
more closely with the carnation bud-rot fungus than do the
forms isolated from apples.

In December, 1912, the writer made some study of the fungi
associated with the Cecay of ears of flint corn in Maine. On
some ears obovate spores were found and on others septate
Fusarium spores. Cultures were made with the result that two
strains or species were secured one of which, F XLVIII, pro-
duces large numbers of obovate spores with occasional septate
spores while the other, F XLIX, produces many septate spores
with a much smaller proportion of the obovate form. The first
of these fungi agrees closely with the one secured from Illinois
while the other seems to be identical with F II from apples,
showing that this may also occur on ears of corn. Since in the
culture studies the two strains have been found to require the
same conditions for growth it is probable that both occur fre-
quently on moldy corn. Not enough work has been done to
determine which is the more common in Maine. To determine
this would require a large number of isolations of the fungi
from different sources and their comparison in culture. On
account of the fact that no difference can be noted in their
effects on corn the valite of this work would be questionable.

In connection with this study, the writer has isolated fungi
from a number of sources for comparison with F II from apple.
In this way a considerable number of strains have been secured.
Some of these have proved to be typical species of Fusarium,
while a number although showing certain characteristics of
Fusarium have been found to produce spores of the obovate
type. In many cases these forms cannot be distinguished from



STUDIES OF DISEASE PRODUCING SPECIES OF FUSARIUM. 215

typical species of Fusarium until a microscopic examination is
made of the spores.

In May 1910 a diseased potato was sent to this laboratory by
Dr. G. E. Stone of the Massachusetts Agricultural College.
When material from the diseased surface of the tuber was
examined septate Fusarium spores were found. Cultures were
made from these and the fungus which developed, F IX, pro-
duced an abundance of spores of the obovate type such as had
been found in F II from apples. Early in the study of this it
was noted that while the growth of mycelium was very similar
and the spores identical in shape and size to those of the fungus
from apple the proportion of obovate spores was much greater in
the potato fungus. With the latter, the septate spores were pro-
"duced in the young colonies when obovate spores were sown in
agar plates but when aerial mycelium began to develop the
obovate spores were produced in greater numbers than the sep-
tate.

In September 1910 a fungus, F VI, was isolated from diseased
ears of sweet corn. The same fungus has been found on sweet
corn a number of times since, but it is probable that the total
amount of loss caused by it is small. It agrees very closely in
its characteristics with F IX described above from potato.

A fungus, F XIII, isolated from diseased heads of sunflower,
Helianthus annuus 1. shows the same characteristics as F II
from apple. While in older cultures it produces large numbers
of obovate spores there are always present a good proportion of
spores. of the septate Fusarium type. This fungus causes a com-
plete decay of sunflower heads and destroys the seeds. Upon
inoculation the sunflower fungus was found to cause a rot of
carnation buds and 47 of the 71 buds inoculated were destroyed.

In June and July, 1911, a number of grasses on the University
grounds and farm at Orono showed silver-top. These grasses
were examined from time to time in order to determine whether
the fungus which Stewart found associated with the silver-top
of June grass in New York occurred in Maine and if it did occur
to isolate it from as many different grasses as possible for com-
parison with similar fungi from other sources.

On June 7, 50 culms of June grass, Poa pratensis, affected
with silver-top were examined and only one was found which
showed the spores of a fungus. These spores agreed in size and
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appearance with those of Sporotrichum poae. Dilution plate
cultures were made and in three days colonies had developed
which were producing spores. These were of both the one-
celled, obovate and the septate types. Transfers were made
from the colonies in the plates to sterilized bean pods in tubes.
When the growth on bean pods was examined three days later
it was found that large numbers of the obovate spores had been
produced and only a small proportion of the septate type. It will
be seen that this fungus, F XXIV, agrees very closely in its
characters with Sporotrichum poae as described by Stewart. It
also agrees closely with Barrett’s Fusarium I, F XXXVI, from
corn from Illinois and with one of the fungi isolated from
potato, F IX, and one from sweet corn by the writer, F V1.
The fungus was tested on carnation buds by inoculating 24 buds
of the Enchantress variety and 22 of these were destroyed.

After about 2 weeks, June grass was again examined. This
time a large number of plants showed the presence of the fungus
on the injured culms. The mites which Stewart and Hodgkiss
found associated with the fungus were also found here.* The
explanation of the common occurrence of the fungus at this
time in contrast to its rare occurrence 2 weeks earlier is found
in the fact that the second examination was preceded by a period
of rainy and cloudy weather which was favorable to the growth
of the fungus.

Fowl meadow grass, Glyceria nervata (Willd.) ‘Trin. which
had been injured by the grass thrips was examined June 28 and
showed the presence of a fungus which seemed to be identical
with the one from June grass, F XXIV. On July 7 a rather
large number of plants were examined and the fungus was
found to be of frequent occurrence. Dilution plate cultures
were made, F XXVII, and later material was transferred from
colonies to tubes of various media where the growth was so
nearly the same as that of the June grass fungus that one could
not be distinguished from the other.

* Cary, see pp. 100 and 112 of the 18th Annual Report of the Maine
Agricultural Experiment Station, attributes the “silver top” of Jnue
grass and certain other grasses in Maine to the grass thrips Anapho-
thrips striata Osborn. Material examined during different seasons
showed both the mites and the thrips associated with the diseased plants.
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In the same way material was examined from plants of red
‘top, Agrostis alba L., F XXV ; timothy, Phleum pratense L.,
F XXVIII; and quack grass, Agropyron repens (L) Beauv., F
XXVI, which had been injured by the grass thrips. In all of
these, the fungus was found and isolations were made. in each
_case. A fungus, F XXX, showing the same characteristics was
also found associated with silver top of timothy collected in
Indiana in July 1911. Another, F XXIX, a typical species of
Fusarium was also isolated from some of the diseased culms
from Indiana.

An ornamental grass, Phalaris arundinacea 1. var. picta
growing on the University campus also showed the presence of
the fungus with obovate spores on the shrunken culms which
had been injured. '

The fungi isolated from these different grasses have the same
cultural characters. When they are grown side by side on the
same medium, it is impossible to distinguish one from the other.
They also agree very closely with the one from potato, F IX,
described earlier in this paper, with the fungus from sweet corn,
F VI, and with Barrett’s Fusarium I from corn, F XXXVI,
from Illinois. Some work has been done to determine the
relation of these fungi to the carnation bud-rot by means of
inoculations of carnation buds. It will be remembered that
Stewart produced bud-rot of carnations with the fungus isolated
from June grass and from these results reached the conclusion
that the fungus from June grass and the one from carnation
buds should be regarded as one species, a conclusion which no
doubt is correct. In the inoculation work carried on by the
writer, there has been wide difference in the results obtained
with the very similar fungi from different sources. With the
fungi from June grass, F XXIV; red top, F XXV, and quack
grass, F XXVI, the proportion of decayed buds was so great as
to lead to the conclusion that if the decay of carnation buds is
taken as a standard by which to measure their relationship, they
would be regarded as one species. Some of the fungi which
seem identical with the one from June grass, F XXIV, in cul-
tural and morphological characters did not cause a rot of carna-
tion buds. These include the fungus from fowl meadow grass,
F XXVII, Barrett’s corn Fusarium I, F XXXVI, and the
fungus with obovate spores from potato, F IX. On the other
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hand a number of cultures of typical Fusarium which could not
possibly be considered as belonging to the same species as the
fungi with obovate spores have been found to cause rot of car-
nation buds upon inoculation. It would seem that a number of
species can cause carnation bud-rot but that what appears to be
one morphological species isolated from different host plants has
certain strains which cause the rot and others which do not.
The fungus from fowl meadow grass seems identical with that
from June grass yet it failed to attack carnation buds of the
same variety that were destroyed by the June grass fungus. F
IT from apple and the sunflower fungus, ¥ XIII, caused rot of
the buds which was exactly the same in appearance as that
caused by the June grass organism although they differ from it
in the production of a much larger proportion of septate spores
and might possibly be regarded as belonging more properly to a
different species. Fusarium putrefaciens, F X1I, and F I from
apple caused rapid decay of carnation buds and there is no ques-
tion but that these are typical Fusarium forms. '
In the course of this study species of Fusarium have been
isolated or secured from a number of different sources and have
been carried through periods of growth on the same media as
the forms with obovate spores for comparison. Cultures of two
species of Sporotrichum, S. roseolum Oudem. and Beyer and
S. bombycinum {Corda) Rabenh. were secured from the Asso-
ciation Internationale des Botanistes and these have been carried
in culture for more than two years. These species bear little
resemblance to the fungi with obovate spores which are under
consideration as they produce almost no aerial growth on any
of the media on which they have been grown. The writer has
had little experience with the genus Sporotrichum, never having
grown but one other species in culture but after growing several
fungi of the same general group, if not strains of the same
species, as the carnation bud-rot fungus in comparison with a
number of typical species of Fusarium, some of which resemble
that fungus in certain characteristics, and taking into considera-
tion that Sporotrichum is a genus characterized by producing
one-celled spores while Fusarium is a genus in which different
types of spores are produced in a given species under different
conditions of growth, it would seem that this group of fungi
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should be considered as more closely related to Fusarium than to
Sporotrichum.

Cultures of the fungus which has been called F II from apple
showing both obovate, one-celled spores and septate spores were
sent to Dr. Peck in March, 1910, together with a letter calling
attention to the similarity of the apple fungus to that causing
carnation bud-rot and to the fact that in the cultures of the
fungus from apple large numbers of spores of the septate type
were present. In replying Dr. Peck stated that in describing
the fungi from June grass and carnation buds only material as
it occurs in nature was examined. For that reason only. spores
of the obovate type were observed. Dr. Peck also said that he
knew of no genus which would properly include a fungus with
spores of both the Sporotrichum and Fusarium types. It may
be possible that the fungi with these two kinds of spores con-
stitute a group of species which should be placed in a new genus.
It is well known, however, that many species of Fusarium pro-
duce in culture large quantities of spores of such shape and size
as to place them in other genera if the classifications were based
on these spores which are usually called micrononidia. The
writer believes that the obovate spores in the group under con-
sideration should be regarded in the same way that the small
spores of a Cephalosporium type are regarded in certain species
of Fusarium and that the fungi with obovate spores agreeing in
other characteristics with Fusarium can safely be included in
that genus.

As has been stated, a number of typical species of Fusarium
have been carried in culture side by side with the fungi already
discussed and used to some extent for comparison with them.
F. roseum Lk, F XVIII, was isolated from scabby wheat which
was kindly sent to the writer from Ohio by Dr. Thomas Manns,
then of the Ohio Agricultural Experiment Station.* This fungus
produces a large amount of white aerial mycelium with bright
red color next to the culture medium. In appearance the cul-
tures closely resemble those of F IT from apple but microscopic
examination shows that the wheat scab fungus produces very
few spores in culture and none of these are of the obovate form.

* See foot-note p. 254.
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In September 1910, a Fusarium was found on glumes of
wheat in Maine. The fungus, F VIII, was isolated and has been
found to agree in cultural characters with F I from apple.
There is less aerial mycelium than in F. roseum, F XVIII,
secured from Ohio and spores are produced in large quantities
in sporodochia. These masses of spores are orange colored.
When apples were inoculated with this fungus it caused as much
decay as F I from apple.

A fungus, F XXXI, isolated from summer squash in the sum-
mer of 1911 agrees somewhat closely in cultural characters with
F II from apple. There are, however, a very small proportion
of spores of the obovate type. The spores agree in appearance
with those of other fungi which have been described in this
paper. This fungus produces such a large proportion of septate
spores that it would seem that its classification should be based
on these rather than on the obovate spores. .It is difficult, how-
ever, to separate the fungi which produce spores of these types
and place all which show a large proportion of septate spores in
the genus Fusarium and those which produce a smaller propor-
tion in another genus. ‘

A species of Fusarium, F XL, was found causing rot of
squashes in storage in December, 1911. This fungus produced
much white aerial mycelium with red and yellow color near the
medium. The decaying tissues of the squash took on a bright
red color. »

A fungus, F XVII, similar to the one from squash was iso-
lated from ears of yellow dent corn from Indiana. The growth
of this fungus agrees very closely wih that of the one from
squash when they are grown on the same culture medium. The
corn fungus grew rapidly and produced the same effects on
squash as the squash fungus when both were used in making
inoculations. Neither of these strains has produced many spores
in cultures.

A fungus which agrees in cultural characters with F. oxy-
sporum as described by Smith and Swingle * was secured from
two sources, Qhio, F XVI, and Vermont, F XV, and these
strains have been grown on a number of media.t

* Smith, Erwin F., and Swingle, Deane B., Bureau of Plant Industry,
Bulletin 55, 1003.
t See foot-note p. 254.
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A fungus F VII isolated from diseased cucumbers in Maine
has agreed closely with these fungi in its growth. This was strik-
ing in the experiments testing the effect of different amounts of
several acids on growth. In each case these 3 strains were able .
to grow in media containing larger amounts of acid than any of
the other 21 strains used in these tests. Two other species of
Fusarium have been obtained from diseased cucumbers. One
of these, F XX, shows some blue color in the mycelium while
in the other, F XIX the mycelium remains white. All of these
strains from cucumber prqduce large numbers of chlamydo-
spores in the cultures. These chlamydospores may occur singly
or several may occur together in the hypha. Two strains from
tomato, F XXI and F XXII, and one from squash, F XXIII,
agreed closely with the strain from cucumber in which the
mycelium remained white.

In addition to the forms from potato which have been men-
tioned four others have been isolated. One of these, F
XXXVIII, which was isolated from sporodochia on stems has
shown the same cultural characters as F I from apple, and the
fungus, F VIII, isolated from wheat in Maine. When apples
were inoculated with the potato fungus, rot followed. The other
three fungi illustrate very well the fact that a number of species
of Fusarium may occur in stored potatoes and that some of
these species can be easily distinguished form one another by
their growth on a few culture media. One of these forms, F
XXXIII, showed blue color of mycelium, one red, F XXXV,
and the other white, F XXXIV, when grown on potato cylinders.
These fungi have been under observation for two years and
have not shown variation from these colors except in the case
of the red which has not been uniform. .

Each summer for the past three years specimens of China
aster, the stems of which were affected with a fungous disease,
have been sent to this laboratory. In each case cultures have
been secured by taking material from the inner part of the stem,
using sterilized instruments. The cultures secured from differ-
ent sources give evidence that the same fungus, F XIV, is
responsible for the disease in different localities. The fungus
shows a small amount of white aerial mycelium and no color
has appeared in the cultures. The spores are mostly of the non-
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septate type but occasional septate sporés are seen. Chlamydo-
spores occur in the cultures. No inoculations have been made

on China asters.

LIST OF ORGANISMS STUDIED.

F I Fusarium I from apple fruit.

F II. Fusarium II form apple fruit, produces obovate spores.

FIII. Fusarium III from apple fruit.

F IV. Fusarium IV from apple fruit, produces obovate spores.

F V. Fusarium from ears of %weet corn from Orono. This
did not produce obovate spores. :

F VI. Fusarium from ears of sweet corn from Monmouth, Me.
This produces many obovate spores.

F VIL Fusarium isolated from decaying cucumber. Closely
resembles F XV and F XVI from potato.

F VIIIL Fusarium isolated from diseased wheat collected in
Maine.

F IX. Fungus with obovate spores from potato. Isolated by

Dr. W. J. Morse from a potato tuber sent from Massa-
chusetts by Dr. Geo. E. Stone.

F X. Fusarium from Red Astrachan apple. This fungus is
identical with F IIL
F XI. Fusarium isolated from a green apple which was decay-

ing on the tree August 1, 1910. This fungus is appar-
ently identical with F 1.

F XIIL F. putrefaciens Osterwalder* Culture secured from
Dr. Osterwalder in 1910 and carried in culture since
that time in comparison with the Maine forms,

F XIII. Fusarium from sunflower. Isolated from decaying head
of sunflower from garden in Orono.
F XIV. Fusarium from China aster. Isolated from stems of

diseased plants sent by Mrs. E. 'C. Bodman of Seal
Harbor, Maine. September, 1910.

F XV. Agrees closely in cultural characters with F. oxysporum*
as described by Smith and Swingle. This strain was
secured from Vermont through the courtesy of N. J.
Giddings.

F XVI. A culture of this fungus which was isolated from inter-
nal tissues of potato tuber from Sharpsburg, Ohio, was
secured from Dr. Thomas Manns. Fungus seems
identical with F XV,

* See foot-note p. 254.
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F XVIL

F XVIIL

F XIX.

. F XX

F XXI.
F XXII.
F XXIII.

F XXIV.

F XXV.

F XXVL
F XXVIIL

F XXVIIL

F XXIX.

F XXX.

F XXXI.

F XXXIIL.

F XXXIII.

Fusarium from yellow dent corn. Isolated from decay-
ing ear of corn sent from Indiana. January, 191I.

F. rosewm Lk* Isvlated from diseased wheat which
was secured from Dr. Thomas Manns then of the Ohio
Experiment Station.

Fusarium isolated from decaying cucumber. This fungus
differs from F VII in that the mycelium remains
white in old cultures while in F VII it takes on some
purple color on certain media.

Fusarium isolated from cucumber by Dr. W. J. Morse.
Grows slowly and produces less aerial mycelium than
XIX. Shows some blue color in old cultures. Spores
are mostly 3-septate.

Fusarium from tomato. Isolated from decaying tomato.
Similar in cultural characters to F XIX.

Fusarium from tomato. This strain seems to be iden-
tical with F XXI.

Fusarium from squash. Isolated from decaying squash.
Very similar in cultural characters to F XXI.

Fungus isolated from June grass which showed silver
top June, 1911. This fungus is identical in cultural
characters with the one which Stewart isolated from
June grass and which he regarded as identical with
the carnation bud-rot fungus.

Fungus isolated from red top which showed silver top,
1911. Identical with F XXIV.

Fungus isolated from quack grass, 1911.

Fungus isolated from fowl meadow grass, 19II.

Fungus isolated from timothy from Maine, July, 191I.
Fusarium from timothy from Indiana, 1911. This is a

typical species of Fusarium and does not show the
obovate spores.

Fungus with obovate spores from timothy which showed
silver top. From same lot of material as F XXIX.
F XXX is identical in cultural characters with the
forms isolated from the different grasses in Maine.

- Fusarium isolated from summer squash, July, 1911. This

fungus produces a small proportion of obovate spores
in cultures.

Fusarium isolated from diseased stem of garden pea,
July, 1o11.

Fusarium in which the mycelium takes on a blue color.
Isolated from potatoes in storage, I9II.

* See foot-note p. 254.
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I XXXIV. Fusarium with white mycelium from potato. From
' same lot of potatoes as F XXXIII.
F XXXV.. Fusarium in which the mycelium takes on red color.

Isolated from the same lot of potatoes as F XXXIII

F XXXVI. Fungus secured from Dr. Barrett from Illinois. This
culture was a later isolation which Dr. Barrett re-
garded as identical with the fungus described as
Fusarium I from corn in Illinois Bulletin 133.

F XXXVII.  Fusarium from Milden Apple. Culture from a strain
isolated by M. Shapovalov, November, 1g12. This
fungus is identical in cultural characters with F L

F XXXVIII. Fusarium from potato stems. ~Culture started from
sporodochia on stems, September, 1912. There was no
evidence that the fungus was growing as a parasite.
This strain shows cultural characters identical with
F I and it also caused rot of apple fruit upon inocula-
tion.

F XXXIX. F. vasinfectum var pisi Van Hall. Culture secured from
Centralstelle fiir Pilzkulturen, September, 1912.

F XIL. Fusarium from decaying winter squash. This fungus
which was isolated December, 1911 shows strikingly
different cultural characters from F XXIII as F XL
produces much white aerial mycelium with red and
yellow color near the medium.

F XLIV. Fusarium from China aster. Isolated from diseased
stem of ‘China aster sent from Winter Harbor, Maine,
in 1908.

F XLV. Fusarium from China aster. Isolated from material
from Seal Harbor, Maine, August, 1911.

F XLVI F. niveum Smith. Culture secured from Kral in Feb-
ruary, IQIO.

F XLVIIL Fusarium strains a, b, ¢, d, and e. All seem to be the

same species as F I unless it is e. Isolated from de-
caying Milden apples December, 1g912. ‘

F XLVIII. Fungus with obovate spores from flint corn. Same
cultural characters as F XXXVI. Tsolated from de-
caying corn from Winslow, Maine, January, 1913.

F XLIX. Fusarium with small proportion of obovate spores.
Tsolated from same lot of corn as XLVIIIL
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CULTURE. STUDIES.

On account of the fact that certain species of Fusarium show
very different cultural characteristics when grown under dif-
ferent conditions, it is difficult to compare the forms from
different sources unless they can be grown on the same medium
under the same conditions. The desirability of growing the
fungi which are to be compared on a number of culture media
should be readily apparent.

In this work comparative studies were begun with the forms
isolated from apples and later other fungi were included so that
with most of the media forms from 24 sources, F I to F-
XXIV, were grown on each medium at the same time. This
number was used in comparing the effect of different sugars
and acids on growth and also in the studies in which fermenta-
tion tubes were used.

In all of the work reported here, each form was grown on
- at least two tubes or plates of the medium and in many cases
this was repeated several times. Cylinders of vegetables, as
potato, turnip, carrot and beet are very satisfactory media for
the growth of species of Fusarium. When potato cylinders are
prepared in the same way from time to time and the cultures
are kept under the same conditions in other respects there is
very little variation in the appearance of the mycelium of a
given strain. The writer has observed no striking changes in
the cultural characters of certain species of Fusarium which
have been grown upon this medium with frequent transfers for
four years. The species of Fusarium are usually regarded as
very variable, but what have been considered as variations can
probably be explained in every case as responses to changed
conditions.

Some of the most important characters to be made use of in
comparing representatives of this genus are: mycelium as to
amount of aerial growth and color, presence or absence of
chlamydospores, shape and size of conidia, and with those
forms which are parasitic, the extent of the parasitism should
be determined by means of inoculations.

Owing to the incompleteness of many of the published
descriptions, these characters have little value in placing forms
in the described species. The amount of aerial growth and the
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color of the mycelium may be very different in sets of cultures
of the same fungus on different media. A species which on one
medium may show much bright red color of the mycelium next
to the substratum and extending to the aerial growth may show
little or no red color in cultures of the same age on another
medium. In this same fungus, other conditions may lead to
the production of still other colors. On the other hand there
are certain species in which the mycelium remains white what-
ever culture medium is used. In regard to color, it is not suf-
ficient to state that a form shows a given color without giving
some account of the conditions under which this color was
produced. In cultures of a given species, the spores may show
differences in shape and size. For this reason the measurements
of spores as they are usually given in descriptions of species
may apply equally as well to the spores of another. Any
description of a new. species of Fusarium should be based on
cultural studies extended enough so that the characteristics
which are brought out by growth under different conditions can
be taken into consideration.

There are some media, however, which do not have much
value in furnishing characters of growth which can be used in
the separation of species of this genus. In these studies con-
siderable work was done in comparing the growth of species
from different sources on media which contained different
amounts of sugars and acids. In general, the conditions which
are favorable to the growth of one species seem to be favorable
to others. For example, the amount of a given acid which when
added to a 2 per cent dextrose broth renders the medium so
acid that one of the forms which has been tested will not grow
prevents the growth of all. The only exception to this was
with the strains F VII, F XV, F XVI, which grew in media
which contained enough acid to prevent the growth of other
species. The following account gives the cultural characters
of a number of forms on different media.

GERMINATION OF SPORES.

The species isolated from apple were studied in hanging drop
preparations of the spores and this taken together with observa-
tions of the germination of the spores of other species in agar
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plates gives the basis for the statement that Fusarium spores
germinate very readily when they are placed under favorable
conditions for growth. Frequently, in cultures where there is a
large amount of moisture present, spores germinate soon after
they are produced.

Spores of F I from apple, taken from a culture three weeks
old on turnip cylinder, were placed in a number of hanging
drops of a decoction of apple wood at 4 P. M. The next day at
8 A. M. nearly all of the spores had germinated and in some
cases the germ tube had branched. Other cultures were made
in the same way at 9 A. M. and when these were examined at
4.30 P. M. all stages of germination were found. In some
“spores, the germ tubes grow out from the end cells in the direc-
tion of the long axis. In other cases, the germ tubes grow from
the sides of other cells, the end cells being empty of contents.
Fusions frequently take place between the germinating spores
as shown in Fig. g4.

Spores of F II from apple taken from a bean pod culture
three weeks old were sown in hanging drops of apple wood
decoction at 10.30 A. M. At 2.30 P. M: the greater part of
these spores had germinated. The next day at 2 P. M. con-
siderable mycelium had developed and many spores were being
formed. Miost of these were of the long septate type but some
obovate spores were seen.

Spores of F III from apple were sown in hanging drops at
0.15 A. M. ‘At 4 P. M. many of these spores had germinated.
As a rule the germ tubes grew out from the end cells in the
direction of the long axis of the spores but in some cases the
germ tubes developed from the sides of other cells.

Spores of F IV from apple, a fungus identical with F II,
were taken from an agar plate culture and sown in hanging
drops of 2 per cent saccharose broth where they began to germi-
nate in 4 to 5 hours. The large septate spores germinate in
the same ways that have been described for spores of the other
species from apple. The small non-septate spores germinate
after a little longer time than the large septate ones. They may
or may not become septate before germination. The mycelium
developed rapidly so that at the end of 24 hours a branched
growth had formed from a single spore. After two days
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conidia were being produced. These were mostly of the obovate
and pyriform types, although the long type were not rare.
Cross walls were not seen in the long spores until after they
had separated from the conidiophores.

Spores of F IV from apple, the greater part of which were
of the obovate type, were placed in hanging drops of distilled
water, potato broth, and dextrose broth at 3.30 P. M. At 8
A. M. the following day many stages of germination could be
observed. The obovate spores become somewhat swollen and
put out as a rule a single germ tube which soon branches. The
spores sown in distilled water germinated well but the growth
was soon checked while the mycelium in the broths made good
growth and spores were formed.

GrowTH ON VEGETABLE CYLINDERS.

Cylinders of vegetables in tubes make excellent media for the
growth of the mycelium of species of Fusarium. At the present
time the writer has strains from 50 sources representing, how-
ever, a smaller number of species, all of which grow well on
cylinders of potato, beet, turnip and carrot. These media an.
especially the potato are used for keeping the stock cultures and,
in addition to this, series of cultures of the different strains
have been made in which a number of the fungi are grown on
the different vegetables at the same time for comparison.

Potato Cylinders. All of the strains of Fusarium which have
been isolated here have been grown on this medium. The
amount of aerial mycelium and the color which develops are of
value in .placing the forms from different sources r iarge
groups. Part of these have produced a large amount of white
aerial mycelium with bright red color next to the potato, others
have shown a white mycelium with no other color except some
browning in old cultures, while others have developed blue color.

The following fungi have shown a bright red color on this
medium. F I, F IT and F IV from apples together with a
number of other isolations from apples which proved to be
identical with one or the other of these, all the forms with
obovate spores which were isolated from various hosts, F
roseum,* F XVIII, from wheat sent from Ohio, another Fusa-

* See foot-note p. 254.
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rium, F VIII, isolated from wheat grown in Maine, 2 strains,
F V and F VI, from ears of sweet corn collected in Maine and
another from yellow dent corn from Indiana, F XVII, one from
decaying winter squash, F X1, and one from summer squash,
F XXXI. This color usually appears in 3 to 7 days after the
transfers are made when the cultures are kept at room tem-
perature and exposed to the light from a North window.

Species of Fusarium {from the following sources have been
carried in culture on this medium for almost three years and
have always shown white mycelium: One species from cucum-
ber, F XIX; two strains from tomato, F XXI and F XXII,
probably one species; one from squash, F XXIIT; three differ-
ent isolations from diseased stems of China aster, F XIV,
F XLIV, F XLV, and one from decaying potato, F XXXIV
A species from stored potato, F XXXIII, and one from cucum-
ber, F XX, have produced blue color. =

Beet Cylinders. 'This medium was favorable to the growth
of all the species of Fusarium which were tested upon it. In
general the growth on beet is very similar to that on potato
with possibly a little more red color in those species which pro-
duce it.

F I from apple nearly covered the slants after 4 days growth.
One tube showed bright red color at the surface of the liquid
and extending up along the glass where the cylinder was in
contact with the -wall of the tube. There was also some
red color over the surface of the slant. The other tube did not
show quite so much but there was some mixture of red and
yellow. One week later there was little difference in the appear-
ance of the 2 tubes. When the cultures were one month old
septate spores were found which measured 4 x 25 to 41 microns.

In the tubes of F II from apple the white aerial mycelium
almost fiilled the space between the slant and the wall of the
tube and extended 8 mm. above the top of each slant at the end
of four days. Red color showed at this time on the surface of
the medium and was especially bright where the cylinder was
in contact with the wall of the tube. The amount of aerial
mycelium was greater with this fungus than with F I. One
week later the red color was becoming dull and some yellow had
appeared. There was a small amount of browning in ‘he aerial
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growth. When the cultures were one month old examination
showed the presence of spores of different types. The most
abundant were obovate in shape and about 8 microns in diameter
but there were many septate spores 4 to 5.5 x 14 to 20 microns
and consisting of 2 or 3 cells. There were also non-septate
spores of the shape that usually occurs in cultures of Fusarlum
No long septate spores were observed at this time.

F III from apple does not make as great a growth on any
medium which has been used as the other forms from apples.
On the beet cylinder cultures four days old, the mycelium cov-
ered a little more than one-half of each slant. There was
very little aerial growth and this was white in color. No red
color ever appeared in these cultures, although occasionally a
little red color has been observed on other media.

The growth of F IV from apple was identical in appearance
with what has been described for F II. Spores of the same
type were found in the cultures.

Another fungus, F X, which was isolated from Red Astra-
chan apples which were decaying around the core had exactly
the same cultural characters on this medium as F IIL

The fungus, F XIII, from sunflower heads produced the

-same amount of aerial growth, the same colors and the same
types of spores as the strains with obovate spores from apples.

“Strains of a fungus from potato, F IX, and sweet corn, F
VI, which produced both obovate and septate spores with a pre-
dominance of the obovate type were grown on this medium and
gave cultures which in color and amount of mycelium agreed
quite closely with the forms described above from apples and
sunflower. Comparisons showed, however, that the cultures
from apple and sunflower produced a larger proportion of sep-
tate spores than the similar fungi from other sources.

The mycelium of F. putrefaciens* F XII grown over the
entire surface of the slants when the cultures were 4 days old.
Not so much aerial mycelium had developed as in the forms
with obovate spores but about the same amount as in F I from
apple The color differed from that in the Maine form, how-
ever, the red and yellow of the European fungus being dull in
comparison. The dull red color extended to the aerial mycelium

* See foot-note p. 254.
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to a much greater extent than in any other fungus in this set
of cultures. In cultures one month old large numbers of spores
were found. These varied from non-septate spores 8 microns
in length to spores 47 microns in length with 5 septa. The
spores of this fungus are very similar to those of Fusarium I
from apple.

A strain of Fusarium, F XI, which was isolated from an
apple which was decaying on the tree August 1, 1910, and
another, F VIII, isolated from wheat collected at Orono in
September, 1910, were so similar to Fusarium I from apple
when the three fungi were grown on beet cylinders that they
could not be distinguished when placed side by side.

F. rosewm, F XVIII, from wheat produced a luxuriant
growth of white aerial mycelium and bright red color developed
next to the medium. There was slightly more aerial mycelium
than in the cultures of the fungi with obovate spores. Careful
examination of material from these tubes showed only a few
spores. ‘

A fungus, F XVII, isolated from decaying ears of yellow
dent corn sent from Indiana produced a growth very similar
to that of F. reseum but there was some yellow color as well
as red in the fungus from corn.

The species of Fusarium from cucumber, squash, and tomato
grew well on beet cylinders but the amount of aerial mycelium
was small in comparison with that of the forms which have been
described and the color was white.

The 3 strains from cucumber seem to be distinct species
although they agree closely in certain characters. One strain,
F VII, has agreed closely with F. oxysporum, F XV and F
XVI, from potato. On certain media this fungus has produced
some purple color. Chlamydospores were formed in the cul-
tures on beet cylinders and the conidia were of the one-celled
type for the most part. One of the other strains from cucum-
ber, F XIX, has agreed with this in spore characters but the
color has remained white except for some brown in old cultures,
The third form, F XX, produces less aerial mycelium than the
others, the conidia are mostly three-septate and chlamydospores
occur in the cultures. The first two forms would seem to be
closely related to each other and to F. oxysporum as described
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by Smith and Swingle while the' third should be placed in
another group of species.

One Fusarium with white mycelium from squash, F XXIII,
and the two strains from tomatoes, F XXI and F XXII, have
resembled very closely in their growth the species from cucum-
ber in which the mycelium remained white. These fungi in
addition to chlamydospores produced larger rounded cells with
a small amount of contents. These cells were as much as 30
microns in diameter in some cases.

Carrot Cylinders. 'The growth on this medium was so nearly
identical with that on beet cylinders that the details will not be
given. The most striking characteristic was the early develop-
ment and brightness of the red color in those strains which have
been described as showing this color on potato and beet. There
was much red color on this medium at the end of 3 days.

Turnip Cylinders. All of the fungi made a good growth on
this medium. There was not so much development of the red
color on turnip as on potato, beet and carrot. Microscopic
examination showed that the spore production agreed with that
on beet.

Synthetic Agar. 'The species of Fusarium studied produce a
good growth of mycelium on this medium which is prepared
according to the following formula:

Dextrose ©..oviiii i 50

Peptone .. ......iiiiiiie e o *“
Ammonium nitrate ............. ... .. 0 ¢
Potassium nitrate ................... g
Magnesium sulphate ................. 2.5 “
Potassium monophosphate ............ 2.5 4
Calcium chloride .................... o1 ‘“
AGar e 20 “
Distilled water ..............i.... 1000 c.cC.

This agar was titrated and made neutral with NaOH but it
was found that upon sterilizing changes took place which ren-
dered the medium somewhat acid. However, the medium which
has been treated in this way with NaOH is more satisfactory
for the growth of fungi than the same medium without this
treatment.
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The fungi were grown both in Petri dishes which contained
10 ¢. ¢. of the medium and on slants in tubes which contained
5 ¢. c. The appearance of the growth of a number of the fungi
in Petri dishes is shown in Fig. 95 to 104. The development
of red color was held somewhat in check on this medium in
that it did not appear so early nor spread so rapidly as in the
growth on some other media.

F I from apple spread rather rapidly, so that at the end of
one week the mycelium had reached almost to the edges of the
plates. The amount of aerial growth was less than in F II
from apple. Viewed from the under side there was some yellow
color and some red, but 3 days later the red color had increased
so that one of the plates showed red over more than one-half of
the under surface. Large quantities of spores were produced
and when these were examined on the tenth day they were
found to range from small one-celled to 5-septate spores 55
microns in length.

F II from apple made a very rapid growth on synthetic agar.
At the end of one week the Petri dishes, which were almost
10 cm. in diameter, were filled with white aerial mycelium.
Viewed from the under side both cultures were slightly yellow-
ish and one showed some reddish color at the center. When
the cultures were 10 days old both obovate and septate spores
were found in large numbers. More than one-half of these
were septate. '

All of the strains with obovate spores from various sources
have been grown on this medium. They have all agreed in
the production of a large amount of white aerial mycelium
and in showing some red or yellow color on the under side.
The forms from apple and the one from sunflower have differed
fiom the others in the production of a larger proportion of
septate spores, but in other characters could not be distinguished
from the other strains.

In the young cultures, F. putrefaciens, F XII, showed about
the same amount of white aerial mycelium as F I from apple.

~When the cultures were one week old the mycelium took on a
yellow color.

The Fusarium which was isolated from an apple which was
decaying on the tree, F XI, the one from wheat collected at
Orono, F VIII, and F I from apple made a very similar appear-
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ance on this medium, adding to the evidence that these strains
belong to one species. All produced about the same amount
of white aerial mycelium and all showed some yellow and con-
siderable red color when the plate cultures two weeks old were
viewed from the under side.

F. roseum. F XVIII, from wheat made a rapid growth and
the Peri dishes were completely filled by the white aerial
mycelium when the cultures were 5 days old. Later a small
area which showed red color appeared at the center of each
plate. A small number of septate spores were found in these
cultures.

The forms from cucumber, F VII and F XIX, squash, F
XXIII, and tomato, F XXI and F XXII, produced a rather
large amount of white aerial mycelium. The one species from
cucumber, F XX, which has been referred to as making less
growth than the others on other media did not spread so rapidly
in the plates as the others and could easily be distinguished
from them. The culture of this fungus is shown in Fig. 104.
All of the forms from cucumber produced chlamydospores.

The Fusarium, F XIV, F XLIV and F XLV, from China
aster made a good growth but only a small amount of aerial
mycelium developed. The color was white throughout. The
spores were nearly all of the small one-celled type.

Prune Agar. The prune agar used in this work was prepared
by making a decoction from 6 large prunes for each 1000 c. c.
and adding 2 per cent dextrose and 2 per cent agar. It has
been found that when too many prunes are wused the agar
becomes soft” and that the use of a small enough number of
prunes to give a solid agar makes the medium too poor in food
for good growth of fungi. It was thought that adding 2 per cent
dextrose to the agar containing the decoction from 6 prunes in
1000 c. c. would overcome both of these difficulties and the
results have been f{fairly satisfactory. Species of Fusarium
grow readily on this agar but do not produce aerial mycelium
to such an extent as on synthetic agar. Prune agar is a favor-
able medium for the production of red color in those species
which are characterized by the development of that color.

Fusarium forms I, II, and IV {rom apples spread rapidly
over the plates but showed only a small amount of white aerial
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growth. Red color appeared at the center of the plates in 3 to
5 days and a little later the whole of each plate showed deep
red, when viewed from the under side, except for a little yellow
in F I. In the plates of F IT and F IV the small amount of
white aerial growth produced large numbers of spores of the
obovate type. When these spores were sown in other plates
of prune agar the young colonies first produced long, septate
spores and later, on the aerial growth, large numbers of
obovate spores developed.

F III from apple developed no aerial mycelium on this
medium. When the cultures were 3 weeks old many spores
were being formed. These were aggregated in a number of
little masses surrounding the center of each plate. The large
hyphze showed some yellow color.

All of the fungi from various sources which have been
described as producing obovate spores agreed quite closely with
what has been described for the similar strains from apples.
Some of these did not produce as large a proportion of septate
spores as the strains from apple but all did produce septate
spores in young colonies when the obovate spores were sown
in plates of prune agar. This has been observed so frequently
in forms from different sources as to give evidence that the
development of the different types of spore depends to a large
extent on the conditions of growth.

F. putrefaciens, F X1I, differed very much in its appearance
on this medium from the other apple fungi. No red color devel-
oped but instead many of the large hypha showed a deep yellow
color.

‘The Fusarium from wheat, F VIII, which has been referred
to as giving a growth identical with that of Fusarium I and
other strains from apple gave further evidence of this relation
when grown on this medium as the growth was very similar.

F. rosewm, F XVIII, made a rather rapid growth so that 3
days after the transfers were made the colonies were 2.5 cm. in
diameter. At that time the central part of each colony was deep
red, the color extending out a little more than one-half of the
distance from the center to the edge of the growth. At the end
of one week, the mycelium covered the entire surface of each
plate and showed a deep red color identical with that in the
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forms with obovate spores. Careful examination failed to
show the presence of spores.

The forms from cucumber, tomato and squash produced
only a small amount of white aerial mycelium. One of the
species from cucumber, F VII, agreed with cultures of F.
oxysporum, F XV and F XVI, from potato in showing at the
center of each plate an area of reddish purple color. All of
the species from cucumber produced chlamydospores on this
medium.

F. oxysporum, F XV and F XVI, from potato made good
growth on prune agar but did not produce much aerial
mycelium. ‘When the cultures were one week old, the center
of each plate had taken on a reddish purple color for an area of
about 4.5 cm. in diameter. At three weeks old, the dark reddish
purple color had spread over the entire surfaces of the plates
and a small amount of white aerial mycelium had developed.
Examination showed large numbers of one-celled spores. Mate-
rial from near the center of one plate showed chlamydospores.

Prune Decoction. This medium was prepared by cooking 6
large prunes in a part of the water, filtering the decoction and
making up the filtrate to 1000 c. ¢. The fungi were grown in
tubes containing g ¢. c. of this material. All of the forms which
were tested made some growth but this was not a favorable
medium for normal development. 'The mycelium spread
through the liquid and in many cases formed a pellicle on
which a small amount of aerial mycelium developed. Material
from cultures of different ages was examined and it was found
that few spores were produced and that these were abnormal
as compared with spores of the same fungus grown on more
favorable media. ’

Sugar Broths. In order to determine whether the growth in
media containing different sugars would bring out character-
istics which might be used to assist in classification, beef ex-
tract broths were prepared each of which contained one per
cent of a different sugar and each of the strains, F I to F
XXIV, was grown in the different media at the same time for
comparison. The sugars used were dextrose, saccharose, lac-
tose, and mannite. It was found that all the strains made good
growth of mycelium in each broth but that dextrose and sac-
charose gave better growth than the others. None of the cul-
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tures gave a normal development of spores. The conclusion is
that the use of sugar broths has no value in the classification
of these fungi.

GrowTH 1IN FERMENTATION 'T'UBES.

All of the 24 strains which were used in the other culture
work were grown in fermentation tubes. Kach fungus was
grown in two tubes for each medium and the following media
were used: one per cent dextrose, saccharose, lactose and man-
nite broths, and 5 per cent glycerin broth. None of the fungi
grew in the closed end of the fermentation tube in any of these
broths and none produced gas so the fermentation tube proved
to be of no diagnostic value.

RELATION oF GROWTH T0 ALKALI AND ACIDS.

One per cent dextrose broth was used as the basis for the
media in testing the effects of different strengths of alkali and
acids upon the growth of strains from 24 sources. It was found
that all of these fungi made good growth even when large
amounts of NaOH were added to neutral dextrose broth. At
— 60 of Fuller’s scale only a little difference could be noted
when the tubes were compared with cultures of the same age
growing in the neutral broth. When larger amounts of NaOH
were added, the growth was less so that at — 100 a distinct
difference could be noted in the amount of growth as compared
with the check cultures. There was a small amount of growth
in all of the tubes at — 150 NaOH but no growth took place
when the medium was made — 200 of Fuller’s scale. Not
enough difference in the growth of the different forms in rela-
tion to the alkalinity of the medium could be observed to be of
value in the separation of species.

In determining the amount of acid which prevents the growth
of Fusarium, the acids used were hydrochloric, sulphuric, nitric,
lactic, oxalic, and formic. Normal solutions of these acids were
prepared and these were added to neutral one per cent dextrose
broth in sufficient quantity to make the medium of the desired
acidity. ‘The same fungi which were used in the other culture
work were grown in the media which were the same except for
the amount and kind of acid which had been added. Two tubes
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were used for each fungus with each strength of a given acid.
The amount of an acid which prevented the growth of one of the
fungi had the same effect on the others except for the strains,
F VII, F XV and F XVI, which grew in media which contained
sufficient acid to prevent the growth of the others.

Hydrochloric, nitric, and sulphuric acids were unfavorable to
the growth of all the forms when added in sufficient quantity to
make the broth 4+ 20 of Fuller’s scale. At -}- 40 the growth
was very much checked and at 4+ 50 there was no growth. With
lactic acid, there was a small amount of growth up to 4 100
of Fuller’s scale but above 4 6o the strains of F. oxysporum
showed better growth than the others. Oxalic acid checked the
growth at 4+ 40 and there was very little growth of any strains
except those of the F. oxysporum type at -+ 6o. At -+ 8o no
other forms showed growth. With formic acid all of the tubes
showed a small amount of growth at 4+ 20, at ++ 30 there was
very little growth and no growth in any at 4 4o.

GrowTH IN RELATION TO TEMPERATURE.

There was very little growth of any of the 24 forms, F I
to F XXIV, when transferred to potato cylinders and kept at a
temperature of 5° C., or below. At 15° C. there was good
growth but not so much as at 20° to 25° C. When cultures were
placed in the incubator at a temperature of 30° C. the growth was
not so rapid as at 20° to 25° C. At 33° C. it was less than at
30°, and those forms which produce a bright red color at lower
temperatures showed a rather dull red and in a part of the
forms yellow instead of red. ‘At 37° C. none of the strains
showed growth at the end of one week but when after that time
the cultures were removed from the incubator and kept at room
temperature most of the fungi made good growth.

GrowrH FrROM OLD CULTURES.

Growth from old cultures has been reported for a number
of species of Fusarium. By making transfers from time to time
it was found that cultures of the species isolated from apples
in Maine and also of F. putrefaciens, F XII, on bean pods, apple
wood, and potato cylinders were alive after a period of 18



STUDIES OF DISEASE PRODUCING SPECIES OF FUSARIUM. 239

months in which the cultures became dried out at the tempera-
ture of the laboratory.

TESTS OF PATHOGENICITY.

AprpPLE INOCULATIONS.

Apples have been inoculated with each of the species of
Fusarium isolated from apples and also with strains from other
sources and it has been found that those isolated from apples
and some of the strains from other host plants cause decays of
the fruit which are equal in amount and very similar to the rot
caused by F. putrefaciens, F X1I, which has been used for com-
parison. While these fungi are not so active as causes of decay
as the apple rot fungi Sphaeropsis and Penicillium, yet they are -
capable of causing complete destruction of apples when the con-
ditions are favorable for their entrance and growth.

October 28, 1908, five apples were inoculated with material
of F I from a pure culture. The fungus caused a distinct decay
and was re-isolated in pure culture from the rotted tissues.

December 5, 1908, five apples were inoculated with material
from a pure culture of F II from apple. The fungus soon
showed evidence of growth and at the end of five days each
apple showed a small decayed area at the point of inoculation.
After two weeks the rot had spread to include an area which
was from 1.5 to 2.5 cm. in diameter. Pieces of the decaying
tissue were removed with a scalpel which was sterilized by
flaming and each piece was placed in a Petri dish which con-
tained 10 c. c. of prune agar. The fungus grew cut from the
tissues in each case and examination proved thai the growth
was identical with that of the fungus which was used in making
the inoculations. The decayed tissue was quite bitter to the
taste.

Ten green apples were inoculated August 10, 1909, with mate-
rial from a pure culture of F I. At the end of 4 days an area
about 6 mm. in diameter surrounding each point of inoculation
was decayed and some white mycelium had developed. The rot
spread slowly but at the end of one month the apples varied
from one-half to two-thirds decayed. The diseased tissue was
light brown in color, soft, and bitter to the taste when held on
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the tongue half a minute or more. Plates were made and the
fungus was re-isolated in pure culture from the decaying tissues.

Sets of 4 Bellflower apples were inoculated January 4, IgIo,
with each of the following fungi: F I, II, III and IV from
apple, F XV from potato, and F XIV from diseased stem of
China aster. After 6 days all of the apples which had been
inoculated with the Fusarium forms from apples and with F
XV showed decay. The decayed area was about one cm. in
diameter in each case and no difference could be noted in the
rot caused by these fungi. The fungus from China aster did
not cause rot of apples. The appearance of some of the inocu-
lated apples is shown in Figure 111.. As much difference could
be noted among the apples inoculated with a given fungus as
among those inoculated with the 5 fungi from different sources.
The taste of the decayed tissue was slightly bitter in all of the
apples except those in which the decay was caused by F XV in
which no bitter taste could be detected.

August 19, 1910, 6 green apples were inoculated with each of
the following fungi; F I, I, and III from apples, F X1II, received
from Europe, as F. putrefaciens, and what was called F. oxy-
sporum from each of 2 sources, F XV and XVI. On September
I all the apples showed some decay but in some cases the amount
differed considerably in the 6 apples inoculated with the same
fungus. F II caused less decay than the other fungi in this
set of inoculations. Figures 108 to 110 show the appearance of
the rot on a part of the apples.

Fusarium forms from 16 sources, including strains, F 1, I I,
F I, F XTI, and F XII, from apple, F IX, from potato, F VII,
and F XX, from cucumber, F XXII from tomato, F V and F
VI from sweet corn, F VIII and F XVIII from wheat, F XIII
from sunflower, and F XIV from China aster, were used
December g, 1910, in making inoculations of Greening apples.
All made some growth at the points of inoculation but this
variety seemed to be resistant to the attack of these fungi and
only a small part of the apples showed much decay. There was
considerable difference in some cases in the amount of decay in
different apples inoculated with the same fungus as has been
noted in other sets of inoculations. In this set of inoculations,
some of the fungi from other host plants caused as much decay
as fungi which had been isolated from apples. It was found
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that the Fusarium isolated from wheat, ¥ VIII, and which
agreed closely with F I from apples caused a distinct decay of
these apples. A Fusarium isolated from cucumber, F VII, and
which agrees closely with the strains carried as F. oxysporum
from potato caused as much decay of apples as any fungus
which was used in this set of inoculations.

Green MecIntosh apples were inoculated August 10,°I19II,
with strains of Fusarium, F I to F XXVI. The fungi made
some growth of mycelium at the points of inoculation but did
not spread into the green fruit to cause much decay.

September 1, 1912, Duchess apples were inoculated with
strains of Fusarium from 34 sources. Observations from time
to time for one month showed that all of these fungi made a
little growth but that none of them caused much rot.

January 9, 1913, one Mann apple and 2 Baldwins were inocu-
lated with material of each of 7 strains of a fungus, F XLVII,
of the type of F I from apple. FEach strain was isolated from a
different decaying Milden apple.

One week after inoculation there was a decayed region about
1.5 cm. in diameter at each of the two points of inoculation on .
each Mann apple. Little difference could be noted in the decay
caused by the different strains. The decay spread more slowly
in the Baldwin than in the Mann apples. One month after inoc-
ulation the Mann apples were almost entirely rotted while the
Baldwins showed decayed areas 2 to 3 cm. in diameter.

January 17, 1913, Bellflower apples were inoculated with 40
strains of Fusarium isolated from different sources. One week
later all of the fungi showed some growth at the points of inocu-
lation. The strains of F XLVII from Milden apples caused
decay more rapidly than any of the others. Later observations
showed that strains of this fungus whether isolated from apples,
wheat, or potato caused more decay of apples than any other
forms used. The forms with obovate spores from various
sources did not cause nearly so much decay in this set of inocu-
lations as the fungi of the type of F I from apple. There was
in some cases considerable difference in the amount of decay
in different apples inoculated with material from the same cul-
ture. The results of the inoculation work would seem to justify
the conclusion that a number of species of Fusarium may cause
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decay of apple fruit but that strains of one species are more
actively parasitic than the others.

INOCULATIONS OF PEARS.

Three pears were inoculated September 16, 1909, with mate-
rial af F II from apple. The fungus spread rather rapidly
through the tissues and caused the complete decay of the pears.
The mycelium of the fungus grew out over the surface forming
little tufts.

August 16, 1910, 3 green pears in each case were inoculated
with F I, IT and III from apple and with F XII, the organism
carried as F. putrefaciens. Eight days later each of the pears
showed a decayed area about one c¢m. in diameter. F XII and
F I grew out around the points of inoculation producing myce-
lium of a dull red color. F II and III showed white aerial
mycelium at the points of inoculation and Fusarium II was pro-
" ducing large numbers of spores, most of which were of the
obovate type although some septate spores were observed. One
month after the time of inoculation the entire surface of each
pear inoculated with F XII or with F I was covered by myce-
lium which showed red, yellow and white colors. These two
fungi gave a very similar appearance on the decaying pears.
Fig. 112 to 114 are illustrations showing the extent of the decay
17 days after the time of inoculation.

PoraTo INOCULATIONS.

Potato tubers have been inoculated a number of times with
each of the Fusarium forms isolated from apples as well as
with forms from other sources. The potatoes were inoculated
" by making a small injury with a sterilized needle or scalpel and
placing in this a small amount of fungus material from a pure
culture. The inoculated tubers were kept in closed glass jars
at the temperature of the laboratory. Nearly all of the fungi
made some growth at the points of inoculation but this did not
spread into the uninjured tissues to cause decay. Surface
injuries to the potato tuber soon become dried out and covered
by a corky layer which prevents the entrance of the mycelium
unless the tubers are kept under conditions of considerable
moisture.
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CUCUMBER INOCULATIONS.

Species of Fusarium have been isolated from decaying cucum-
bers a number of times at this laboratory. In order to deter-
mine the -extent to which these spccies and others would cause:
decay, cucumbers were inoculated with material of the forms
isolated from cucumber, ¥ VII, F XIX, F XX, squash, F
XXIII, China aster, F XIV, sweet corn, F VI, apple F XII,
and F II. All of these fungi caused a rapid decay. The
appearance of 2 of the inoculated cucumbers is shown in Figs.
117 and 118.

InocurLation oF CarnaTION BuDbs.

Owing to the similarity in cultural characteristics of the
fungus with obovate spores from apple and the carnation bud
rot fungus described by Stewart and Heald, it was decided to
test the apple fungi on carnation buds in order to determine
whether or not they would cause the bud rot. Later, the work
was extended to include fungi from a number of other sources,
a part of which were typical species of Fusarium. Four varie-
ties of carnation were used,—~Enchantress, Windsor, Gomez and
Lady Bountiful. All of these, except the Gomez, were suscep-
tible to the attack of part of the fungi which were used in mak-
ing the inoculations. This variety proved to be very resistant
and only a very small per cent of the Gomez buds were injured
by any fungus which was tested. The Enchantress was used to
a greater extent than either of the other varieties in comparing
the amount of injury caused by different fungi.

All of the inoculations were made in the same way. A small
injury was made in the side of the bud with a sterilized needle
and a small amount of material from a pure culture was pushed
in through the opening. Usually this material consisted of both
mycelium and spores. In a few of the earlier experiments, the
plants bearing inoculated buds were placed under bell-jars so
that the buds were in a moist atmosphere favorable to the
growth of the fungus. This procedure was followed for only a
very short time as it was felt to be desirable to test the fungi
under greenhouse conditions rather than under the abnormal
conditions of a moist chamber.

The detailed account of a number of inoculation experiments
follows. In the first part of the work only a small number of
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plants were available so the number of buds used in the earlier
experiments was necessarily small.

Two buds of the Enchantress variety were inoculated March
4, 1910, with material of the apple fungus, F IV. The plants
were placed under bell-jars and were kept covered for three
days. At the end of this time it could be noted that the fungus
was making some growth at the points of inoculation. The buds
did not increase much in size and 12 days after inoculation the
calyx of each bud appeared somewhat discolored. One bud was
examined and it was found that all parts inside the calyx were
destroyed by the fungus. When material from .the decayed
petals was teased out on a slide and examined with a micro-
scope, spores of both the obovate and septate types were found,
although the number of either kind was not great. The outer
covering of the other bud was removed with instruments steril-
ized by flaming and the inner decaying part was placed in a
tube containing 5 c. c. of sterile distilled water. White aerial
mycelium grew out from this and the second day large numbers
of spores were being produced, a part of which were obovate
and a part of the long septate type. After 5 days the mycelium
formed a thick red pellicle over the surface of the water. The
white aerial mycelium was bearing many spores of the obovate
and pyriform types which agreed in size with the spores of the
carnation bud rot fungus.

April 21, 1910, 3 Enchantress buds were inoculated with
F IV from apples. One of these buds was removed and exam-
ined 4 days later when the fungus showed only a small amount
of growth. Two days later one of the other buds was examined
and it showed that the fungus was making considerable growth
in the tissues. April 29, 8 days after inoculation, the third bud
was examined. All parts inside the calyx were destroyed and
spores of the fungus were found. It is probable that if the first
2 buds had not been examined until 8 or 10 days after inocula-
tion they would have shown a greater amount of decay as the
fungus was growing in each at the time of examination and it
has been found that about 10 days are necessary under favorable
conditions for the complete destruction of the buds.

On account of the similarity in cultural characteristics of the
- fungi with obovate spores and certain species of Fusarium it
was decided to test a number of fungi which gave evidence of
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being typical species of Fusarium to see if these alsu would
cause decay of carnation buds.

April 20, 1910, 3 buds of Enchantress were inoculated with
F T from apple and check punctures to which no fungus material
was added were made in 2 buds. Five days later one of the
buds, which was large at the time of inoculation, had opened
and showed no decay. April 27 both of the others showed all
inside the calyx destroyed and large numbers of spores of the
fungus used in making the inoculations were present. One of
the check buds was entirely open April 30 and showed no decay,
the other opened a few days later and showed no injury from
the puncture.

Since F I had caused decay another typical culture of
Fusarium later found to be identical with F I was tested. April
28, 4 small buds were inoculated with F III from apple. One
week later one of these was examined and it showed a small
amount of decay of the petals and stamens. May ¢ two other
buds were examined and they showed more decay than was
noted in the one examined May 5. When the last bud was
examined, May 11, the interior was badly decayed.

May 5, 1910, 4 buds were inoculated with F III. May 16,
3 of the buds were badly rotted while the fourth remained
healthy.

Five Enchantress buds were inoculated with F IV May 5
and were all badly rotted one week later. Three buds inocu-
lated with the same fungus May 18 were decayed at the end of
one week.

May 12, 1910, 2 Enchantress buds were inoculated with each
of the fungi, F I, IT and IV, from apple. All of these 6 buds
were destroyed by the fungi within 10 days.

F XII, the organism carried as F. putrefaciens, is in every
respect a typical species of the genus. July 11, 1910, 26 En-
chantress buds were inoculated with this fungus. Eight days
later, 21 of the buds were badly rotted. Material from a part
of these was examined and septate spores of the Fusarium were
found with no evidence of the presence of any other fungus.

July 26, 1910, 12 buds were inoculated with F XII and punc-
tures were made in 13 buds to serve as checks. The injuries to
the check buds were exactly like those in the others except that
no fungus material was placed in the wounds. Examination 11
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days later showed that all of the 12 inoculated buds were ruined
by the fungus while the 13 checks were opening and showed no
bad effects from the punctures.

F II from apple was used in making inoculation of 42
Enchantress buds July 11, 1910. Eight days later, 34 of these
were badly decayed, 4 showed a small amount of injury and 4
were not damaged at all by the fungus. FEight buds were inocu-
lated with F IT July 26, 1910, and 11 days later all were rotted
while one bud which had been punctured as a check had opened
to a perfect flower except for the place broken by the puncture.

F XV from potato was used in making inoculations of 30
Enchantress buds August 18, 1910. None of these buds decayed.
September 14, 13 buds were inoculated with the same fungus
and 6 of these showed a small amount of rot, although the
fungus did not spread through the tissues so rapidly as the dif-
ferent strains from apples. ‘

August 26, 1910, 25 buds were inoculated with F IV and
all of these rotted.

September 15, 1910, 18 buds were inoculated with F I and
30 buds with F III from apple. Of the 18 buds inoculated with
F I, 11 decayed and of the 30 inoculated with F III, 20 decayed

The fungus, F XIII, with both obovate and septate spores
from sunflower was used October 17, 1910, in making inocula-
tions of 18 buds of Enchantress. Two weeks later 10 of the 18
buds had been destroyed by the fungus.

The Gomez variety was found to be very resistant to the
fungi which caused a rot of Enchantress and other varieties
which were used in later experiments.

Fourteen Gomez buds were inoculated August 26, 1910, w1th
F I from apple. When these were examined 18 days later only
one had rotted.

September 30, 1910, 37 Gomez buds were inoculated with the
fungus, F XIII, from sunflower. Only 4 of these buds showed
rot after 17 days.

F II from apple was used in making inoculations of g5
Gomez buds November 3, 1910. Observations from time to time
indicated that the fungus was not causing decay and that the
buds were developing normally. When a careful examination
was made November 21 it was found that nearly all the buds
had opened into perfect flowers. A few were slightly injured
but none badly rotted.
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In 1911 tests were made of part of the fungi which had been
used in 1910 on 2 other varieties of carnation, Lady Bountiful
and Windsor, and a number of fungi which had not been used in
1910 were tested on these varieties as well as on Enchantress.

May 4, 1911, 37 Enchantress buds were inoculated with F 11
from apple and punctures were made in 22 buds as checks. May
22, 20 of the inoculated buds showed decay and one of the 22
checks had become infected and was also rotted.

May 24, 1911, 30 Enchantress buds were inoculated with F
II from apple and 37 with the organism carried as F roseum,
F XVIII from wheat. Three buds of Lady Bountiful and 5 of
Windsor were inoculated with F II from apple. June 6, 10 days
after inoculation, 24 of the 30 buds inoculated with F II showed
rot, all of the Lady Bountiful had rotted, 3 of the 5 Windsor
had decayed. Of the 37 buds inoculated with F XVIII, 25 were
destroyed by the fungus.

June 12, 1911, 24 buds were inoculated with material of the
fungus, F XXIV, from June grass from a bean pod culture 3
days old, 22 buds with material from-a potato cylinder culture
5 days old of the fungus, with obovate spores, F IX, from
potato, 15 buds with material from a potato cylinder culture 5
days old of the fungus, F XIII, from sunflower, and check
punctures were made in 10 other buds, June 21, g days later,
22 of the 24 buds inoculated with the fungus from June grass
were decayed and all of the 15 buds inoculated with the fungus
from sunflower were destroyed by the fungus. None of the 22
buds inoculated with the fungus from potato and none of the 10
checks showed any rot.

The fungus, F XXVI, isolated from quack-grass was used
July 7, 1911, in making inoculations of 7 Enchantress, 6 Lady
Bountiful and 12 Windsor buds. July 21, 6 of the 7 Enchan-
tress, 5 of the 6 Lady Bountiful and 10 of the 12 Windsor were
rotted. Examination of material from some of these showed
the presence of many spores of both the septate and obovate
types. ’

Eleven Enchantress, 7 Lady Bountiful and 12 Windsor buds
were inoculated July 25 with material of the fungus, F XXV,
from red top. Two weeks later, 8 of the 11 Enchantress, § of
the 7 Lady Bountiful and g of the 12 Windsor were decayed.
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The fungus from fowl meadow grass, F XXVII, which is
identical in appearance in culture with the fungi from the other
grasses was used September 27, 1911, in making inoculations of
16 Enchantress, 6 Lady Bountiful, and 6 Windsor buds. None
of these buds decayed.

The fungus, F XXX, isloated from culms of timothy collected
in Maine was used August 11, 1911, in making inoculations of
3 Lady Bountiful, 2 Enchantress and 15 Windsor buds. Ten
days later 2 Lady Bountiful, 1 Enchantress and 7 Windsor buds
were decayed. Great numbers of spores of the obovate form
were found but there was no evidence of the presence of any
other fungus.

November 21, 1911, 27 Enchantress, 15 Windsor, and 7 Lady
Bountiful buds were inoculated with F IV from apple. Two
weeks later, 22 of the Enchantress, 7 of the Windsor and 5 of
the Lady Bountiful buds were rotted. This fungus had been
carried in culture for about 2 years but still remained actively
parasitic.

The fungus from corn, F XXXVI, which was designated
Fusarium I by Burrill and Barrett was received from Dr. Bar-
rett in November, 1911. December 13, 7 Enchantress, 6 Lady
Bountiful and 8 Windsor buds were inoculated using material
of this fungus from a potato cylinder culture 12 days old. None
of these buds decayed.

The results of the rather large number of inoculations with
fungi from different sources would indicate that a bud rot of
carnations very similar to that described as due to S. poae may
be caused by a number of different fungi some of which at
least are typical species of Fusarium. A number of fungi which
produce obovate and septate spores and agree in cultural charac-
ters with the carnation bud rot fungus were tested and most of
these caused the rot. Three strains which appear to be very
closely related to the carnation bud rot fungus in morphological
and cultural characters failed to cause the rot. These were the
fungus isolated from potato tuber, F IX, the one from fowl
meadow grass, F XXVII, which is identical in appearance with
the strains from the other grasses and the fungus from corn
sent from Illinois by Dr. Barrett. Whether the failure of these
fungi to cause the rot was due to the conditions at the time of
inoculations or to the fact that these strains were not pathogenic
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to the carnation bud might be open to question. However, this
point seems to have been determined rather definitely by inocu-
lating a number of buds of the same variety with very similar
fungi from different sources at the same time. The experiment
of June 12, 1911, will illustrate this. The fungi used were the
strain from June grass, F XXIV, which seems to be identical
with S. poae as described by Stewart, the fungus with obovate
spores from potato tuber, F IX, and the fungus from sunflower,
F XIII. The material for all of the inoculations was taken
from young actively growing cultures. Nine days after inocula-
tion 22 of the 24 buds inoculated with the fungus from June
grass and all of the 15 buds inoculated with the sunflower
fungus were decayed. None of the 22 buds inoculated with the
potato fungus showed any rot. Since the carnations were all
of the same variety, Enchantress, and the different lots were
growing side by side in the greenhouse, the fungus from potato
had the same conditions for the attack of the buds as the other
2 fungi and the only conclusion which the writer can reach from
the results is that the patoto fungus is not parasitic on carna-
tion buds. This fungus resembles the carnation bud rot fungus
more closely than do a number of other fungi which caused a
rot of the buds. The fact that 2 other strains which are so
like the fungus from June grass that it is impossible to distin-
guish cultures of one from the others failed to cause the rot of
the buds would seem to indicate that certain strains are unable
to go from one host to another. The most striking example of
this was the fungus from fowl meadow grass, F XXVII. This
fungus seemed identical in cultural characters with the strains
from other grasses and yet it failed to cause the rot of carna-
tion buds while the other strains caused the rot in a rather large
proportion of the inoculations.

In his first account of carnation bud rot, Heald regarded a
species of Fusarium as the cause of the disease. In his later
publication, the fungus described was identicai with the one
described by Stewart as Sporotrichum poae and it was regarded
as S. anthophilum which Stewart proved to be the same as
S. poae. The inoculation experiments reported in this paper
prove conclusively that a number of typical species of Fusarium
cause a rot of carnation buds upon inoculation. Therefore, it is
possible that Heald worked with different fungi, one a typical
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Fusarium and the other the fungus with both obovate and sep-
tate spores, or it may be possible, as Stewart believed, that
Heald’s fungus showed at one time a predominance of septate
spores and at another time of obovate spores and in that way led
Heald to classify it at one time as Fusarium and later as a
Sporotrichum.

The writer has found 3 types of fungi capable of causing the
rot: first those with a predominance of obovate spores, as in
the fungus from June grass, F XXIV; second, those which
produce large numbers of both obovate and septate spores as in
F II from apple and the fungus from sunflower, F XIII; and,
third, certain typical species of Fusarium which produce no
obovate spores as F I from apple and the fungus carried as
F. roseum, F XVIII, from wheat. From the results of his
inoculation experiments and culture studies Stewart concluded
that his carnation bud-rot fungus, the fungus from June grass,
and Heald’s carnation fungus were identical. This conclusion
is probably correct, yet attention should be called to the fact
that emphasis should be placed on the cultural and morphological
characters as well as on the results of inoculations because it
has been shown that a number of species which are quite dis-
tinct in morphological characters may cause the rot of the buds.

The fact that a number of species or strains from different
sources may cause the rot makes the question of control a more
difficult one than it would be if only one fungus were responsible
for the trouble. Heald regarded the bud rot as serious only in
neglected houses while Stewart reported cases in which con-
siderable loss occurred in houses which were well cared for.
The fact that the fungi which cause the rot attack no other part
of the plant than the interior of the bud would seem to indicate
that in order to reach this part the fungus would have to enter
through a wound in the calyx. In the greenhouse where the
inoculation experiments reported in this paper were carried on,
decay of buds which had not been inoculated was of very rare
occurrence. In a very few instances, check buds in which
punctures had been made were attacked by the fungi. The
writer believes that as a rule in houses where every precaution
is taken to remove and destroy material which might carry
infection and where good conditions for growth are maintained
there will be little trouble from the attacks of these fungi.
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When it is considered that a vast number of spores may be
produced on one diseased bud the necessity for great care in
this work becomes apparent. :

SUMMARY.

Species of Fusarium occur on a large number of host plants.
A part of these fungi are destructive parasites. Owing to the
confused condition or the classification of the species of this
genus it is frequently difficult to distinguish a parasitic species
from a saprophyte which has some similar characteristics. In
many cases the same fungus has been described under a number
of different names. In order to compare the fungi from differ-
ent sources, it is necessary to grow them in culture under the
same conditions. However, there is a wide difference in the
value of different media for this purpose. Liquid media and
agars give an abnormal growth as compared with the growth of
the fungus on more favorable media such as cylinders of vege-
tables and other plant parts. Wollenweber * considers stems
of plants the best medium for normal development of species of
Fusarium,

In order to determine the. extent of the parasitism of a given
species it is necessary to carry out inoculation experiments. In
some cases the same morphological species. occurs on more than
one host plant and it is only by inoculations that the question
can be answered as to whether the strains occurring on one host
can cause disease in‘another. ‘

- Two species of Fusarium have been isolated from Maine
apples and it has been found that each of these is capable of
causing decay. ‘One of these, F I, agree quite closely with the
organism received as F. putrefacicns, and which was described
by Osterwalder as a cause of apple decay in Europe. The same
fungus was isolated from diseased glumes of wheat, F VIII,
and from potato stem, F XXXVIII. These strains also caused
rot of apple fruit upon inoculation. One of the species, F II
and F IV, from apple produces obovate spores similar to conidia
of Sporotrichum in addition to typical septate Fusarium spores.
This fungus resembles very closely in cultural characters the
fungus which was described as the cause of a rot of carnation

* Wollenweber, H. W. Studies on the Fusarium Problem. Phyto-
pathology 3 : 25, 1913.
4
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buds under the name Sporotrichum poae by Stewart. The chief
difference is in the larger proportion of septate spores’ in the
apple fungus. Similar strains have been isolated from a num-
ber of other hosts. Al of these except one strain from sun-
flower, F XIII, and one from ears of flint corn, F XLIX, agree
closely with the carnation bud-rot fungus in the proportion of
septate and obovate spores, The strain from apple and the one
from sunflower cause a rot of carnation buds which is identical
with that caused by a strain from June grass which appears to
be identical with the fungus described by Stewart. The writer
believes that all of the strains which have both obovate and
septate spores mentioned in this paper are closely related and
that they constitute a group of species, each of which has
strains occurring on a number of hosts. These fungi seem to be
closely retated to Fusarium in cultural characters and in being
parasitic on plants. The chief difference between the form
from apple and the one from June grass is in the proportion of
septate spores. A fungus from summer squash, I XXXI, pro-
duces a few obovate spores in culture but the proportion is much
less than in the form from apples. Thus there can be built up
a series extending from strains in which most of the spores are
of the septate Fusarium type with a few obovate spores to those
with a small proportion of septate spores. Such a fungus as
the one from summer squash would seem to be properly classi-
fied in the genus Fusarium but the other forms with the two
types of spore are so similar to this one in cultural characters
that all seem so closely related as to comprise a group. It may
be possible that this group of species should be placed in another
genus but after growing certain strains in comparison with
species of Fusarium for a long period of time on a number of
culture media the writer believes that the fungi with both sep-
tate Fusarium spores and obovate spores show closer relation-
ship to Fusarium than to any other genus.

Inoculation experiments proved that strains of the fungi with
obovate spores from a number of hosts as well as certain typical
species of Fusarium cause a rot of carnation buds which seem
identical with the disease described by Stewart and by Heald
as due to Sporotrichum. Since the inoculation experiments
show that not all the species or strains are confined to a single
host plant in their parasitism, a large amount of work in cross
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inoculation experiments will be necessary in determining the
extent to which each species may cause disease.

CONCLUSION.

Plant pathologists have felt the need of a comprehensive piece
of work in which species of Fusarium from a large number of
sources would be grown in culture under uniform conditions so
that their classification could be based on the characteristics
brought out in the cultures. In 1910 the first part of a mono-
graph of this genus, based on this method, was published by
Appel and Wollenweber.* By their methods of culture, what
they consider normal development is secured and cultures from
different sources can be compared.

Later, in the winter of 1911, Dr. Wollenweber came to this
country to study American forms. Realizing the importance of
this work, the writer turned over to him transfers from cultures
of 35 strains from various sources in February, 1912. These
are being studied in culture according to Dr. Wollenweber’s
methods and it is expected that matters of interest in regard to
their classification will be included in a part of the monograph
to be published later.

It was hoped both by Dr. Wollenweber and the writer that
part or all of the strains would be classified in time so that the
names could be included in this paper, but on account of other
work only a limited amount of time could be given to these
cultures and for that reason Dr. Wollenweber made only a pre-
liminary report on the classification of a part of the fungi.

APPENDIX.

Shortly after Dr. Lewis severed his connection with this
Station Dr. Wollenweber made a more detailed report of his
conclusions with regard to the relationship of the cultures of
the various strains of Fusarium which had been received by him
from Maine. Since Dr. Lewis’ paper had been written up largely
from the standpoint of the data obtained from his own studies
and independent conclusions it would, in a measure, destroy its
individual value as well as tend to obscure the important feat-
ures of Dr. Wollenweber’s report were the latter to be incor-

* See foot-note p. 200.



254 MAINE AGRICULTURAL EXPERIMENT STATION. IQI3.

porated within the body of the former. Moreover to do this
would necessitate making an entire recast of the article which
for several reasons is impracticable and would lead to still
farther delay in publication. Therefore, it seemed best to
include this report in the form of the following tables, along
with certain explanatory matter and comments, as an appendix
to the original paper.

Attention is called to the fact that Dr. Wollenweber has deter-
mined the species without knowing the results of Dr. Lewis’
studies on their pathogenicity. Only a list of the hosts from
which the species were isolated was furnished when the original
pure cultures were delivered to him for determination. As will
be seen in the discussion following the table most of the species
are already described or have been mentioned in the literature
upon the subject. In case complete descriptions are lacking he
will include them in his monograph or some other publication
in the near future. He has very kindly consented to this pre-
liminary publication of the names previous to the final and more
complete description. However characters considered to be
important for the differentiation of new forms and new combi-
nations have been furnished by him and are briefly discussed in
the following pages.

List or SpECIES oF Fusarium As DETERMINED BY Dr. WoLLENWEBER.T

FI 1171 F. pirinum (Fries) Sacc............. Apple fruit
F 1I 1172 F. helianthi Sacc. (s. var.).......... “ “
F III 1173 F. pirinum  .ooooiniiininnnnnnn.. “© o
F IV 1254 F. helianthi ................... U “ “
*FV Sweet corn
F VI 1260 F. poae (Peck) n. n................. “ “

T In the above list the Roman numerals preceded by the letter F
designate the names under which the different strains or cultures of
Fusarium are carried in this laboratory. The second and third columns
give Dr. Wollenweber’s serial, laboratory number and his determina-
tion of all the cultures sent him, with two exceptions, F X and F XIL
The last column gives the source from which each culture was obtained.
Those marked (*) were not sent to him. Attention is called to the fact
that F XII, F XV. (including F XVI), and F XVIII, received by and
carried in this laboratory as F. putrefaciens Osterwalder, F. oxysporum
Smith and Swingle, and F. roseum Lk. and referred to by these names
throughout his paper by Dr. Lewis are designated as F. pirinum (Fries)
Sacc., F. orthoceras App. and Wr., and F. reticulatum Mont. by Dr.
Wollenweber.
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F VII 1260 F. orthoceras App. & Wr.............. Cucumber
F VIII 1272 F. metachroum App. & Wro.............. Wheat
F IX 1247 F. poae ...coovveiiiiiiiiiiii Potato tuber
FX 1252 (Not determined) ................ Apple fruit
F XI 1253 (Not determined................. “ “
F XII 1255 F.pirinum  .....ooiiiii it “ “
F XIII 1250 F. helianthi ........ ... ..o i Sunflower
F XIV 1251 F. conglutinans Wr.................. China aster
F XV 1242 F. orthoceras ..........c........... Potato tuber
F XVI 1243 F. orthoceras ...................... “ “
F XVII 1270 F. discolor var. majus n. var.......... Dent corn
F XVIII 1273 F. reticulatum Mont ..................... Wheat
F XIX 1250 F. reticulatum ........cooeveiieiini. .. Cucumber
F XX 1261 F. argillaceum (Fries) Sacc............ “
F XXI 1248 F. CUFINUML N, SPevreiee et iteannnns Tomato
*F XXII “
F XXIII 1256 F. reticulatum ... Squash
F XXIV 1268 F. POGE oo June grass
F XXV 1205 F. pOGE oovrre e Red top
F XXVI 1266 F. poae .....vereiiii i Quack grass
F XXVII 1267 F. poae ...oovviiiiniiiiin.. Fowl meadow grass
F XXVIII 1262 F. POGE oo iiiieeiienenan Timothy
F XXIX 1264 F. reticulatunr ... “
F XXX 1263 F. POGE  ove i e “
F XXXI 1258 F. helianthi ............ e Summer squash
F XXXII 1249 F. orthoceras ................. Carden pea stems
F XXXIII 1244 F. solani (Mart.) App. & Wr........ Potato tuber
F XXXIV 1245 F. conglutinans ..........c.c.o.o.... “ “
F XXXV 1246 F. helianthi ......ccciiiiiiinann.. “ “
F XXXVI 1271 F. poae ............ s Dent corn
*F XXXVII Apple fruit
*F XXXVIII Potato stems
*F XXXIX (Received as F. wasinfectum var. pisi van Hall)
F XL, 1257 F. culmorum (W. Sm.) Sacc............ Squash
*F XLIV China aster
*F XLV “ “
*F XLVI (Received as F. niveum Smith)
*F XLVII Apple fruit.
*F XLVIII ) Flint corn
*F XLIX “ “

‘According to their relationships Dr. Wollenweber has ar-
ranged these species in sections of the genus as follows:

Section Martiella: F. solani, F. argillaceum.

Section Elegans: F. orthoceras, F. conglutinans, F. citrinum.

Section. Discolor: F. discolor var. majus, F. culmorum, F.
reticulatum.

Section Roseum: F. pirinum, F. metachroum, F. helianthi.
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Section Sporotrichella: F. poae.

Dr. Wollenweber makes the following comments with regard
to certain species.

“F. culmorum W. G. Smith is identical with F. rubiginosum
App. and Wr. .

F. citrinum is a new species, differing from F. orthoceras
App. and Wr. mainly in the absence of a blue color but the pres-
ence of a citric color of the mycelium thallus grown on sterilized
potato tuber.

F. discolor var. majus is a variety of F. discolor App. and
Wr. having larger conidia and a higher average septation. This
variety needs further study as well as F. argillaceum, F. reticu-
latum, F. pirinum and F. helianthi. 'The latter species described
as F. roseum var. helianthi by Saccardo is interesting by the
presence of a pyriform microconidial stage, which shows some
relation to the corresponding stage of F. poae.

The rest of the species have been partly described in Appel
and Wollenweber, Grundlagen einer Monographie der gattung
Fusarium, 1910, and partly by the latter author in ‘Studies on
the Fusarium Problem.” Phytopathology, 1913. In this latter
paper the sections mentioned above are given with the excep-
tion of Sporotrichella, which might be provisionally established
for species with small globose to pyriform but also sickle-
shaped, septate conidia of the type of F. poae (= Sporotrichum
poae).”

In studying the combined results of these investigations two
interesting facts are presented. First it is apparent that in some
instances quite a number of different forms or species of Fusa-
rium have been found associated with the diseased tissues of
the same host plant, and second that some are quite omnivorous
in their habits and occur upon several hosts. Since the great
majority of the species of this genus are saprophytes or are at
most wound parasites these observations are by no means new
or novel. However, these facts may be of considerable impor-
tance from an economic standpoint and they are much more
apparent when the strains of Fusarium studied are arranged in
the form of a host index and in the form of a list which gives
the number of different hosts from which the same strain was
isolated or in which it was found capable of causing disease
upon inoculation.
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Host INDEX.

Apple fruit, (Pyrus malus L.)
. F. pirinum, F. helianthi (sub var.)
China aster, (Callistephus hortensis Cass.)
F. conglutinans.
Dent corn, (Zea mays L.)
F. discolor var. majus, F. poae.
Flint corn, (Zea mays L.)
F. poae, (F XLVIII and XLIX, not studied by Dr. Wollenweber).
Sweet corn, (Zae mays L.)
" F. poae.
Cucumber, (Cucumis sativus L.)
F. orthoceras, F. reticulatum, F. argillacewm.
Fowl meadow grass, (Poa triflora Gilib.)
F. poae.
June grass, (Poa pratensis L.)
E. poae.
Quack grass, (Agropyron repens (L.) Beauv.)
E. poae.
Red top, (Agrostis alba L.)
F. poae.
Timothy, (Phlewm pratense L.)
F. poae, F. reticulatum.
Pea, (Pisum sativum L.
F. orthoceras.
Fotato (Sclanum tuberosum 1.)
F. poae, F. orthoceras, F. solani, F. conglutinans, F. helianthi,
F XXXVIII. (The latter not studied by Wollenweber but
according to Lewis is identical with F. pirinum.)
Summer squash (Cucurbita pepo L.)
F. helianthi
Winter squash (Cucurbita maxima Duchesne)
F. reticulatum, F. culmorum.
Sunflower (Helianthus annuus 1.)
F. helianthi
Tomato (Lycopersicon esculentum Mill.)
E. citrinum.
Wheat (Triticum sativum Lam.)
F. metachroum, F. reticulatum.

List oF SreciEs Givine Hosts rrom Waica THEy WERE ISOLATED AND
SumMmary oF INocurATION TESTS.

F. argillaceum (Fries) Sacc, from cucumber.
Produced decay of cucumber on inoculation.
F. citrinum nova species, from tomato.
F. conglutinans Wr. from china aster and potato.
Caused decay of cucumber but not of apple fruit (?).
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F. culmorum (W. Sm.) Sacc.,, from winter squash.
Caused decay of cucumber fruits.
F. discolor var. majus nova var., from dent corn.
F. helianthi Sacc. (sub var.) from apple fruit, potato, summer squash
and sunflower.
Produced decay of carnation buds, also fruits of apple and pear.
Negative results with strain from apples on potato tubers.
F. metachroum App. and Wr., from wheat.
Caused decay of apples.
F. orthoceras App. and Wr., from cucumber, pea and potato.

Positive results from inoculation of apple and cucumber fruits,

negative upon carnation buds.

F. pirinum (Fries) Sacc., from apple fruit. (F XXXVIII from potato
considered identical with F. pirinum by Lewis.)

Positive results from inoculations upon apple and pear fruits and
carnation buds. Negative upon potato tubers.

F. poae (Peck) novum nomen, from dent, flint and sweet corn, fowl
meadow grass, June grass, quack grass, red top, timothy and potato
tuber.

Positive results from the inoculation of carnation buds with the
strains from June grass, quack grass, red top, and timothy:

Negative results upon carnation buds from the straingtfrom
fowl meadow grass, dent corn and potato. Strain . front: sweet
corn caused decay of cucumber fruit. . i
F. reticulatum Mont., from cucumber, wintér squash and wheat
Positive results from moculatlon of carnation buds and cucumber
fruits.
F. solani (Mart.) App. and Wr., from potato.

The object of the summary of the inoculation tests is simply
to assemble in condensed form the more important data secured
by Dr. Lewis regarding pathogenicity and align it as far as
possible with the names of the different species to which Dr.
Wollenweber has referred the various strains of Fusarium
under consideration. Mention should be made, however, of

the fact that with the possible exception of F. conglutinans all

of the strains studied produced some decay of some varieties
of apples. However, only those which gave constant and marked
positive results are so credited in the summary. The details of

the inoculation tests will be found on pages 239-251.
W. J. M.



FIG. 86. Spores of F I (7. pirinum) from . Fi1G. 87. Spores from a strain of F Fic. 88. Spores of F III (& piri-
apple, from a potato agar plate culture 3 weeks I (#. pirinum) isolated from Milden num) from apple, from a potato agar
old. x 480. apple. Spores from sporodochia from plate culture 3 weeks old. x 480.

a young bean-pod culture. x 480.






F16. 89. Obovate spores of F IV
(#. helianthi) from apple, showing the
manner in which they are formed.
From a hanging drop culture in one
per cent saccharose broth. x 480.

Fi1G. 90. Spores of ¥ IV (& heli-
anthi) from apple, from a prune agar

culture 5 days old.

x 480.

Fi1G. 91. Spores of F IV (£ keli-
anthi) from a potato agar plate cul-
ture 3 weeks old. x 480.






F16.92. Germinating spores of F I
(£. helianthi) from apple after 4 to 6
hours in hanging drop of apple wood

Fi1c. 94. Germinating spores of F I (/.
pirinum) showing fusions after 24 hours in

decoction. Obovate one-celled, pyriform F1c. 93. Germinating spores of I IV hanging drop of apple wood decoction.
2-celled, and septate spores of the Fusa- (#. helianthi) after 5 to 7 hours in one x 480.
it ty’pe are Showi.- 2480 per cent saccharose broth. x 480.






F1G6.95.  F II (#. helianthi) from apple. Culture
4 days old on synthetic agar.

Fi16.96. ¥ XIII (#. kelianthi) from sunflower.
Culture 4 days old on synthetic agar.






Fi1G6.97. F XXIV (Z. poae) from June grass.
Culture 4 days old on synthetic agar.

Fic. 98. F XXVI (£ foae) from quack grass.
Culture 4 days old on synthetic agar.
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