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[PCBLIC—No.23.]

AN ACT providing for the public printing and binding and distribution of public documents.
• *»#***

Section 73, paragraph 2 :

Tlie Annual Report of the Secretary of Agriculture shall hereafter be submitted

and printed in two parts, as follows: Part one, which shall contain purely busi-

ness and executive matter which it is necessary for the Secretary to submit to the

President and Congress; part two, which shall contain such reports from the

different bureaus and divisions, and siicli papers preiiared by their special agents,

accompanied by suitable illustrations, as shall, in the opinion of the Secretary.be

specially suited to interest and instruct the farmers of the country, and to include

a ger.eral report of the operations of the Department for their information. There

shall be printed of part one, one thousand copies for the Senate, two thousand

copies for the House, and three thousand copies for the Department of Agriculture;

and of iiart two, one hundred and ten thousand copies for the use of the Senate,

thrte hundred and sixty thousand copies for the use of the House of Representa-

tives, and thirty thousand copies for the use of the Department of Agi-iculture,

the illustrations for the same to be executed under the supervision of the Public

Printer, in accordance with directions of the Joint Committee on Printing, said

illustrations to be subject to the approval of the Secretary of Agriculture; and

the title of each of the said parts shall be such as to show that such part is com-

plete in itself.
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PREFACE

The present Yearbook docs not in form differ materially from its

predecessors, with the exception of tlie Yearbook for 1897, to wliicli,

as exjilained in the preface to that iiublication, a special feature

had been added by direction of tlio Secretary of Agricnltnre, con-

sisting of articles from each chief of Bureau, Division, and OHiee

outside of those that are purely administrative, presenting ''in plain

terms the relation of tlie work of his Bureau, Division, or Office to the

farmer." This addition made the Yearbook of 1807 consist of four

distinct parts instead of three, as usual. While tlie form has been

changed, the spirit of this sjjccial feature has by no means been

neglected in the i)resent volume. No attempt was made to secure an

article for this book from every chief relating to tlic general work of

his Division to the farmer, as was done last j'^ear—a course Avliich

would have inevitably resulted in more or less repetition; but the

chiefs understood tliat it was tlie wish of the Secretary that the prac-

tical service rendered to the farmer by the Bureau, Division, or Office

contributing the article should be made apparent. A perusal of the

articles composing the present volume will show that in this respect

the Secretarj^'s injunction has not been overlooked. It has not, how-

ever, been found necessary to segregate such papers; hence, the iires-

ent Yearbook conforms to the plan originally adopted, and consists of

three parts: (1) The report of the Secretary of Agi'iculture to the

President for 1898, thus complying with the law, which prescribes

that the volume shall "include a general report of the operations of

the Department;" (2) miscellaneous papers, preiiared with very few

exceptions by the chiefs of Bureaus, Divisions, and Offices of the

Department or their assistants; and, (3) a summary of useful infor-

mation, published in the form of an appendix.

To the third feature of the present volume special attention has

been given with a view to increasing its scope and usefulness. AVliilo

preserving the main features of former years, an effort has been made
to give tlie Appendix of tlie present Yearbook the character of an

agricultural directory. Thus, in addition to the usual Department
directory and the directory of colleges and experiment stations, there

have been included lists of the principal officials having charge of

agriculture in the several States; of managers of farmers' institutes; of

national and State dairy officials; of the several associations of cattle,
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4 PREFACE.

horse, and sheep breeders, willi tlieir secretaries; of the State veterina-

rians and State health officers; of the forestry officers of the different

States and of the forestry associations; of tlie officers of the liorticul-

tural aud kindred societies, etc. In this connection the Editor may be

permitted to call attention to the great difficulty of securing such

infornuition, and to suggest that its publication in an edition of 500,000

copies for distribution to the farmers of the country should make it

worth while for the several officials interested, to themselves supply

the Department with the necessary data for the presentation of this

information in the Yearbook. If i)ossible these data should be in the

hands of the Editor by January 31 of each year.

In addition also to the usual statistical matter, including the crop

statistics and prices of farm products and the imijorts and exports

of agricultural products and transportation rates, and in view of the

natural eagerness of the people for information regarding the new

dependencies, figures are given showing the foreign trade of Cuba

and of the Philippine Islands. Similar figures are not given for

Puerto Rico and Hawaii owing to the fact that in the main body of

the book are to be found special articles upon these islands.

Attention is also called to the review of the weather for the past

year, prepared by an expert of the AVeather Bureau, and which pre-

sents a detailed weather record in comparatively simple form. This

review is continued from year to year, and promises to grow constantly

in interest and usefulness.

Geo. Wm. Hill,

iJdiior.
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YEARBOOK
OF THE

U. S. DEPARTMENT OF AGRICULTURE.

REPORT OF THE SECRETARY.

To THE President:

I have the lioiior to submit a report of the work of the Department
of Agriculture for the year ending" June 30, 1808. This report con-

tains a review of tlie operations of tlie several Bureaus, Divisions, and
Offices through which the work is carried on. For your own conven-

ience and that of those wlio shall have occasion to peruse this report,

I have preceded this general review with a summary, in which some
salient feature of the work undertaken by each of these several

Bureaus, Divisions, and Offices is very briefly indicated. Several

considerations are also presented of a more general character relating

to the work of the Department and the services which I conceive it

should seek to render to the country, upon which some earnest recom-

mendations are based, and which have also been made the basis for

some of the estimates submitted by me for the appropriations for the

Department for the ensuing fiscal year, and to which the favorable

consideration of Congress is earnestly invited.

SUMMARY.

WEATHER BUREAU.

Observation and forecast stations have been extended around the

Caribbean Sea, to warn our fleets and merchant vessels of danger from

cyclones, and increased through the intei'ior of the country, especially

in the mountain States, to enable the observer to inform fruit growers

of precipitation and sudden changes of temperature.

DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.

Good work has been done by the Division of Vegetable Physiology

and Pathology in hybridizing the orange ami other citrus plants, and
in the crossing of pinea[)ples, whereb}' the size and vigor of the fruit

are much increased and the flavor greatly improved.

SECTION OF FOREIGN MARKETS.

Our knowledge of the islands of the Caribbean and China seas is

increased by timely publications of the Section of Foreign Markets.
9



10 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

Our foreign trade in agricultural products is verj'- extensive, being

over two-thirds of our domestic exjjorts. It is steadily growing, while

the production at home of field products that have been introduced

from foreign counti-ies is i-apidly increasing, causing a corresponding

decrease in agricultni-al imports.

BIOLOGICAL SURVEY.

"\Vhile the Department is searching the world for seeds and plants

to diversify our crops and add new varieties to meet sectional require-

ments, the Biological Survey is determining the areas best adapted to

various crops and mapping the natural life zones of the United States.

It is a court of last i-esort, Miiere bii-ds and animals get a tinal hear-

ing regarding their relations to the farm and orchard. Their stomach
contents witness for or against them.

FARMERS' BULLETINS.

The Department is unable to give Members of Congress as many
Farmers' iiulletins as their constituents desire. As fast as scientists

find facts bearing on j^roduction, I think it wise to send them to the

farmers. The farmers want^them, Congressmen desire to send them,

and appropriations to this end should be enlarged.

SCIENTIFIC EXPLORATION.

The Department has four scientific explorers abroad, getting seeds

and plants—one in Russia, one in the countries around the Mediter-

ranean, one in the China seas, and one in South America.

FORESTRY.

The treeless region is now getting vigorous attention from our

Foi-ester, ]Mr. Pinchot. Species adai)ted to dry I'cgioiis are being

introduced. The destruction of forests in the Northwest leaves des-

erts in many cases. The life history and rat« of development of white

pine liave beeii investigated and facts concerning tliem are in ]>ress.

Ml-. Pinchot, is planning to introducebetter methods of handling forest

lands in public and private ownership, the private owners paying the

expenses of Department agents M'liogive instruction. A million acres

in twenty States areolTei-ed for experimentation and 100,000 acres are

now under management. Economic clianges in lumbering will bo the

result. Forest fires cause floods and droughts and consequent 1}^ inter-

fere witli pi'oduclion, especially in irrigated regions. A study of fire

prevention and fire fighting is being made. Wood supply is becom-

ing a matter of such interest that the Depaitment deems it wise to

give it special attention.

SOILS AND TOBAC;CO.

Many States are interested in tlie heredity, flavoring, and fermen-

tation of tobacco, and tlie D(q)artmenl has these features under
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research. Farmers in the moimtain States, wlio are makiiii,' their

lands sterile by iisinj^ too mucli water, require information lej^arding

its use in irrigation. Tlie Division of Soils is getting facts for them.

POST-GRADUATE WORK IN THE DEPARTMENT.

Aftergradnationatagriculturalcolleges, the Divisions of the Depart-
ment of Agriculture might be opened for post-graduate study in

special lines, so that the best facilities in the land may be offered for

preparing teachers for the agricultural colleges and economic scientists

for Department work.

THE GRASSES.

The best pastures produce animals at least cost. The Division of

Agrostology studies grasses and the grass requirements of localities.

Five hundred a arieties grow in the Department gardens, and grasses

suitable for pastures, lawns, woods, and sand are studied. Foreign

grasses are tried in congenial zones. Legumes are brought from
abroad to meet jieculiar conditions here. We have grass gardens in

arid and semiarid regions, where varieties from similar conditions in

the Old "World are studied. The Department is endeavoring to find

grasses and legumes for worn-out lands in the East and South, and
binding grasses, to arrest sand drift, are getting attention.

DIVISION OF BOTANY.

The Division of Botany is at work to reduce our importations of the

little things that have been costing us ^8,000,000 annually. Western
States are now growing chicor}'. In 1806 we imjiorted lG,ol7,888

pounds; in 18U8 we imported only 315,707 pounds of raw chicory.

The farmers of Michigan, Nebraska, and other States will now furnish

our supply. Ginseng is also a promising plant for cultivation. This
Division will make tests to X)rotect farmers and merchants against

foul and fraudulently imported seeds, and test the importations of

the Department before distribution.

ECONOMIC CHEMISTRY.

We are not giving economic chemisti-y the attention it deserves.

We pay foreign countries very large sums for coal-t;ir products, for

example, while Ave have skilled chemists, capital, and raw material

in abundance at home. Our raAv material is wasted along these

lines, wliile we are content to buy abroad; Ave emploj', indirectly,

foreign chemists to Avork up for us foreign raAv material. Attention

to this by the law-making power Avill find the remedy.

CROP STATISTICS.

The reason for having a Division of Statistics is that it will collect

and publish information regarding the condition, acreage, and tend-

ency of production of the principal crops, and the number of farm
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animals at liome and abroad, so that the isolated producer may get

notice of quantities and probable demand as soon as those who deal

in these commodities. When this is Avell done, its value to the pro-

ducer is inestimable. Strenuous efforts are being made to get the

truth concerning production, and great care is taken to publish results

for general information only.

AGRICULTURE IN ALASKA.

A practical scientist was sent to Alaska to select sites for experi-

mental work—to test grains and grasses, legumes and vegetables,

and study the possibilities of future production. lie grew all of these

crops with great success. Alaska will grow, along the coast, oats,

barley, flax, rye, grasses, legumes, and vegetables of as good quality

as mau}^ of our Northern States produce. All the conditions for mak-
ing fine dairy jHoduets are favorable. We shall have the interior

explored next summer, in order that its capacity to support population

may be learned.

ROAD INQUIRY.

Good roads save time and expense. Steel rails are perhaps the

coming material where hard rock is not convenient.

EXPERIMENT STATIONS.

The experiment stations are more effective than ever before. The
annual appropriation by Congress of ^720,000 is supplemented by

1-400,000 from the States, and the stations are doing more original

work. The Department presents their i-esults in Farmers' Bulletins.

The feeding of mankind is being studied in connection with State

institutions, and information is distributed to form the basis of

courses of instruction. All of our country west of the Missouri River

is interested in irrigation, and facts are being collated regarding soil

moisture, the supply and distribution of water, uniformity of laws

and court decisions relating to irrigation, and the requirements of

different crops in this regard.

NATURE STUDY IN THE COMMON SCHOOLS.

Congress endowt'd agricultural colleges that are revolutionizing

methods of production. Nature studies, liowever, should be intro-

diic«Ml into tiie conuiion schools, so that, the young farmer's mind may
be turned early to life-work studies. The teacher should get instruc-

tion in tli(! normal school or agricnltui-al college.

ANIMAL INDUSTRY.

HKMF.DY FOR FEVER TICKS OF CATTLE.

The IJiircaii of Animal Industry has continued its experiments in

dipping cattle to destroy the fever ticks, and a substance has been

found in which cattle may be dipped and which will destroy all the
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ticks on an aniiiuil in n sinj^le dipi)in<;. This motliod has bcon in

practical use for a short time only, and experiinonts are now in

progress to perfect it, so that dipped cattle from tlie infected districts

may be shipped nortli of the quarantine line during' the entire year;

heretofore they have been restricted l)y quarantine durinj^ ten months
of the year. The value of this measure is beyond computation, both

to the stockmen south of the quarantine line and to the cattle feeders

and grain producers nortli of it. Demand is increasing at home and
abroad for fine beef, and this discovery is destined to remove one of

the impediments to its production.

REMEDY FOR UOG CHOLERA.

The Bureau has continued experimentation with antitoxin serum
for the prevention and cure of hog cholera. Congress, at its last ses-

sion, made an appi-opriation for this work, which became avaihible at

the beginning of the present fiscal year. Buildings were erected at

our experiment station, and animals i)urchased to make the serum in

sufficient quantities to conduct extensive research. The results of

the previous year have been corroborated. Eighty per cent of the

animals treated were saved, while a like per cent of the check herds
not treated died. This justifies the Department in efforts to supply
in future to herdsmen thi-onghout the country' such serum as can be
made. It is for Congress to determine whether serum shall be given
free or a charge be made covering the expense of manufacture, which
would be about 15 cents for each animal.

EMERGENCY APPROPRIATION.

The nature of the work in the Department is such that future
requirements can not all be anticipated specifically in an appropria-
tion bill. Urgent needs of producers call for expenditures in special

directions through some of our scientific Divisions; the sudden appear-
ance of a bacteriological or insect pest; investigation of animal or

crop conditions in some section of the country; inciuiry into condi-

tions in foreign countries where we sell or with whom we compete;
assistance to a struggling scientist to complete work of general agri-

cultural interest; exploration by scientists of islands coming into the
possyssion of the United States, and such like, suggest the wisdom of

apitropriatiiig a lump sum to be used by the Secretary of Agriculture,

subject to the laws regarding vouchers and auditing.

INSPECTION OF FOREIGN GOODS.

There is an evident necessity for the inspection of many articles

imported from foreign countries that contain substances injurious to

the public health. The Deiiartment chemists are doing work along
this line which suggests a more comprehensive inciuiry. At present
the Department buys samples for analysis in the open market. It
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may be necessary, wliere there is ground for suspicion and a necessity

for the identification of source, to open packages at ports of entry, as

it is proposed in foreign conntries to do witli our exports in certain

cases.

BUTTER SHIPMENTS.

The experimental exports of butter by this Department to Great

Britain, which wei'e commenced in the si)ring of 1807 and pai"tially

reported uj^oii a yeav ago, were continued until the close of the active

creamery j'ear of 1897 and resumed at the oi^ening of the season of

1808 upon an enlarged scale.

Without anticipating tlie results of tlie present (or second) season

of tliese trial exj)orts, it can now be confidently stated that much
additional information has been obtained in the line desired, and a

decided gain is evident in the favorable impression made by butter

of the first quality from creameries in the Ignited States upon the

best class of the butter trade in London and Manchester.

THE DEPARTMENT LIBRARY.

The books of the late Prof. F. von Baur, of Munich, have been

added to the collection on forestry in the Department Library, mak-
ing that collection very complete. Tlie total number added during

the year was nearly 5,000, bringing the whole number of volumes in

the Library close to 05,000. This forms one of the largest collections

of books on agricultural topics in the world.

The Library is constantly used in the investigations conducted by

the scientific Divisions, and is kept up to date in its various branches

by the i^urchase and addition of the latest standai-d publications relat-

ing to Uiatters in which the Deiiartment is interested. It is also used

to a considerable extent by persons not connected with the Depart-

ment, especially by teachers in the public schools and by students in

the science classes of the various educational institutions of the city.

EXPERIMENTAL GARDENS.

Tlic distribution of 3'oung plants to various pai'ts of the country

was continued during the year, reacliing a total of nearly 190,000,

including bul])s. Among these were olive, fig, and camphor plants

and cuttings. Attention is called to the fact that the growing of rub-

ber plants even in the most favorable localities of Florida can liardly

be conjinercially successful.

The i)i'<)pagali()n of phmls for general (lis1ril)Uti()U has been con-

tinued, resulting in tlic accuinuhition of many tliousands of plants of

various kinds.

PARIS EXP(^SITION IN 1000.

Congress has imposed upon Ihc Secretary of Agriculture the duty

of preparing for the Paris Exposition in r.»<)() an exhibit covering the
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^ricultural resources of the United States (Groups VII, \'III, and

X—Agriculture, Horticulture, and Food Products). I am fully alive

to the importance to American ajj^riculture of this opiwrtunity to

enlarge the knowledj^^e and appreciation of the i)eople of the Old

"World of the extent and variety of the products which the bounty of

nature enal)les the American farmer to draw from Earth's i)rolific

bosom. The first stejxs have been taken after consultation and in

cooijeralion with the Commissioner-General, and every effort will be

made to see that American agriculture is properly rej^resented at this

great celebration. Should the appropriations already provided jirove

inadequate, I feel confident Congress will not hesitate to enlarge them

rather than to have this important exhibit lacking in any single respect.

PRACTICABILITY OF EXPORTING DAIRY PRODUCTS. *

Owing to better home demand for dairy i^roducts, it is not commer-
ciall}- profitable to send l)Utter to Europe at the present time. The
home demand for our best butters absorbs the supply. This is not

always the case, however, and the Department regards it wise to

obtain for dairymen all the facts relating to the export of this article

to the several commercial centei*s of both continental and insular

Europe. For this i^urpose the Department sent an agent to Paris to

ascertain what encouragement there would be to ship l)utter to that

point. It was found that no line of steamers sailing direct from the

United States to French ports could furnish refrigerator space, and
so shipments could not be made during the heated period. An agent

was also sent to Hamburg, to ascertain for our people what the facts

are regarding customs duties, as well as prohibitions and other diffi-

culties that might meet exporters of butter to that country.

Our finest butter can be profitably made and sent^ to both France

and Gernuinj' whenever the home supply is greater than the home
demand for first-class goods. The American farmer is selling cheap

grains and mill feeds to European dairymen, Avho meet us in European
markets with products made from raw material furnished by us.

There is every reason to believe that the tendency is growing within

our own country toward the consumption of gmins and mill feeds at

home, exporting the higher-priced products of skill. As our pro-

ducers manufacture more and more on the farm and thegre^it volume
of raw materials is turned into the liigher-selling articles, we can
furnish fine dairy products to European countries at a lower rate than

they can be produced under European conditions on dearer lands and
with dearer feeds.

The tiade in ^Vmerican farm products is growing in the China seas.

Scientific iiKpiiry into the principles that underlie the making t)f fine

dairy products is preparing oui- i)eople to furnish butter in condition

to be exported in air-tight packages, so that they will remain sweet

for long periods in tropical countries. In order that markets may l>e
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opened up in Japim, China, and other countries of the Pacific Ocean,

an agent is now in that region establishing agencies to which the

Department will make trial shipments with a view to ascertaining all

the facts for the benelit of the dair^^men.

INSPECTION OF DAIRY PRODUCTS.

The existing system of Government inspection and certification of

meats and meat i)roducts for exjiort may be extended (with suitable

modifications) to include butter, cheese, and condensed milk for export

from the United States.

The combined efforts of the Government and of commercial enter-

prise may succeed in the early establishment of a high reputation for

American butter in desirable foreign markets. But as soon as accom-

plished, this becomes. liable to be destroyed by the cupidity of those

who, trading on this reputation, flood the same market with butter of

low grade, j'et still entitled to export and sale as "produce of the

United States." This will disgust merchants and consumers alike

and reverse the reputation of our butter, just as the tine market in

Great Britain for our cheese was recently ruined by the quantity of

low-grade and counterfeit cheese which was exported without being

marked to show its true character.

The remedy seems to lie in extending and adapting the provisions

of law regarding the inspection of meats exported from this country

so as to make them apply to butter and cheese. The brands of "pure
butter" and "full-cream cheese" should then be affixed by United

States inspectors to such products only as are of a fixed minimum
standard of quality. Such precautions, duly legalized and properly

executed, would place the good butter and cheese of this countiy in

foreign markets under the identifying label and guaranty of the

United States Government, leaving similar merchandise of lower grade

to find a place for itself, upon its own merits. It should be borne in

mind that daiiy products of Denmai'k and Canada, which are the

chief competitors of the United States in themarketsof Great Britain,

bear the inspection certificate and guaranty of quality from (heir

respective Governments, and thereby maintain a great commercial

advantage.

Such a system of inspection is much desired by the most reliable

exporters, and (lie [)i-()])(>sition has met with decided approval wherever

considered by lair-iiiinded, intei'estcMl parties.

NATURE-TEACHING IN THE COMMON SCHOOLS.

Tlu re is growing iiitei-est in education that iH'lates to production.

Ail classes of intelligent people favor it. Congress endowed colleges

to teacli it, and progress is being made, but not so ra[)idly as the

growth of our conntry demands. ]\Iore knowledge concerning wliat
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the farmer deals with every day would enable him to control condi-

tions, produce more from an acre, and contribute more to the jreneral

welfare. The education of oiii' people in common school, high school,

and college has not been designed to prepare them for producing
from the soil, excepting the veiy few who liave found their way into

our agricultural colleges. It is evident to educators in agricultural

science that elementary stud}' should be introduced into the common
schools to give direction early in life.

Agriculture, horticulture, forestry, gardening, and landscaping are

delightful studies that attract people in all walks of life, but there is

enough to be learned regarding each of these to i-equire the devotion

of a lifetime. The colleges and experiment stations endowed by the

Federal Government pr()^'ide for training along this line for longer or

shorter jjeriods at the institutions of the several States and Territories

designed for this purpose; but while encouraging progress has been
made in building up courses in these institutions that teach the

sciences relating to iiroduction, instruction before going to college

and after graduation is lacking. Nothing is being done in most of

the common schools of the States to cultivate a taste for and lead the

mind to inquire into and store up facts regarding nature, so that the

young farmer may be directed into the path that leads to education
concerning his future life work.

The great prerequisite is the education of the teacher. Most of the

States have institutes where teachers are required to assemble for

instruction in their work; there they should be met by lecturers from
the agricultural colleges who may be qualified to outline methods of
nature studies in the common schools. The normal schools of the
States could give courses of instruction along these lines to those who
are fitting themselves for teaching in the high schools, so that instruc-

tion of a more advanced character might be given their graduates^

preparing them for and inclining them toward, the agricultural college.

PRACTICAL EXPERIMENTS IN NATURE TEACHING UNDER STATE
AUTHORITY.

In New York, the College of Agriculture of Cornell University has
a special State appropriation of $25,000 per annum to be used in aid-

ing the introduction of nature teaching into the common schools and
the carrying on of simple agricultural experiments in different parts

of the State. The i)Ian followed has been to employ experts in the
different sciences to prepare brief leaflets containing lessons on dif-

ferent subjects for the use of teachers in the common schools. These
leaflets are distributed to teachers throughout the State, and there
has been such a large demand for them from teacliers in other States-

that arrangements have been made to sell them at a nominal price.

The professors and other agents of the university attend meotings-

of teachers from time to time, to explain the scope of this work and to
1 A()8 2
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show the toachors liow to carry out simple instruction on nature

topics. JIany of tliese leaflets relate directly to agricultural subjects.

For example, in one leaflet the teacher is instructed to have the chil-

dren plant squash seeds, take some of them up at intervals to learn

how tlie seeds germinate, and watch what happens to the little plants

as they grow. At another time the children are encouraged to plant

little gardens and carefully watch some of the things that grow in

them; or they study some insect which jDrej'S upon fruit, or make col-

lections of the insects about their homes, or watch them to see whether

they are doing things good or bad for the farmer. This movement
has rapidly increased in popularity, and the leaflets are used in many
city schools as well as in tliose in the country. Hundreds of simple

experiments with fertilizers on potatoes have been carried on in differ-

ent parts of the State with some of the money above referred to. For

carrying on all this work the nniversity has employed its teaching

force and a small corps of special agents and clerks.

In Indiana, Purdue University has undertaken a similar work,

though its funds have not permitted it to make this very extensive. A
number of leaflets liave been prepared by different members of the

faculty and have been sent out to teachers throughout the State. In

a number of other States nature teaching has been introduced into

the common schools, but for the most part in the schools in the larger

towns and cities, whore there were teachers who had had some train-

ing in natural science. As a result of the widespread interest on this

subject, teachers' manuals and text-books for instruction in this

branch are being prepared.

Without doubt the greatest difficulties in this matter are to over-

come the conservatism of local boards managing the country schools

and to get competent teachers.

FACILITIES OF THE DEPARTMENT FOR POST-GRADUATE
INSTRUCTION IN AGRICULTURAL SCIENCE.

George Washington, by his will, left property to be devoted to

university education in the District of Columbia. There is no uni-

versity in the land where the young farmer may pursue post-graduate

studies in all the sciences relating to production. The scientific Divi-

sions of the Department of Agriculture can, to some extent, provide

po.st-graduaf e facilities. Our chiefs of Divisions are Very proficient in

their lines; our apparatus the best obtainable; our libraries the most
comph'to of any in the nation. We can direct the studies of a few
briglit young people in each Division, and when tlie Department
requires help, ii,s it often does, these young scientists will be obtainable.

They sliould bo graduates of agricultural colleges and come to the

Department of Agricnilturo through a system of examination that

would l)ring the best and be fair to all applicants. The capacity of

the Department is limited, but something can be done that will indi-

cate to Congress tlie value of the plan. The Department often needs
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assistants to take tlic i)lacc of those wlio are tempted to aeecpt liiglier

salaries in State institutions. The opening of our laboratories to

post-gradiiato work would provide an eligible list from which to fill

vacancies as they occur, supply temporary agents, and be a source

from which State institutions might, get assistants in scientific lines.

INVESTIGATION OF AGRICULTURAL RESOURCES OF INSULAR
DEPENDENCIES OF THE UNITED STATES.

In the territories recently brouglit under the control of the United
States Government the agricultural interests urgently call for atten-

tion by this Department. While in all countries the agricultural

industry is admittedly of the first importance, this is especially true

of Hawaii and the West India Islands, which depend almost exclu-

sively for their prosperity upon their agricultural productions. It

behooves the Department to place itself at the earliest moment pos-

sible in a position to extend to the agriculturists of those territories

which have, or may, come under the United States flag, the services

and benefits which it renders to the farmers of the United States.

The increased trade relations which may be looked for between the

United States and its insular dependencies, moi-eover, render the con-

ditions of agriculture in the latter and the character and extent of their

productions matters of profound interest to the people of the United
States. In the interest of our own agriculture, not only must the

agricultural resources of these islands then be studied closely and
intelligently, but the dangers which threaten agriculture in these

territories in the form of plant diseases or insect pests must be made
the subject of special investigation with a view to providing agriculture

there with preventive or remedial agencies, and also to securing our
own agriculture from the possibility of their introduction into this

country. It is urgently necessary, therefore, that Congress sliould as

speedily as possible provide a sufficient fund for the use of this

Department in making such investigations as may be necessary into

the agricultural resources and conditions in Hawaii, Puerto Rico,

Cuba, and the Philippines.

WEATHER BUREAU.

Tlie presence of more than two liundred naval and transport ves-

sels belonging to the United States in West Indian waters made it

apparent during the latter part of the fiscal year that the methods of

gathering information of the approach of West Indian liurricanes

were wholly inadequate. The safely of the fleet during the time of

severe atmospheric disturbances made it imperative that precaution-

ary measures should be taken at once.

OBSERVATION STATIONS IN WEST INDIES AND ON CARIBBEAN SEA.

A bill was therefore drafted and submitted to Congress June 16,

1898, authorizing the establishment and operation of (Observation
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stations througliout the West Indies and along the shores of the

Caribbean Sea. The provisions of the measure were incorporated in

the genei-al deficiency bill, but did not become law until after the close

of the fiscal jear.

Arrangements had already been made, however, to establish sta-

tions for making meteorological observations and displaying hurricane

signals at Kingston, Santiago de Cuba, Santo Domingo, St. Thomas,

Barbados, Dominica, Trinidad, Curagao, and Barranquilla.

"When the West Indian service is fully established twice-daily

reports will be received, not only from the stations named, but also

from Ilabana, Nassau, Vera Cruz, Tampico, Coatzaeoalcos, and

Merida.

Although the primary object of the extension of the storm-warning

system to the West Indies was the protection of our large naval force,

other considerations of great importance make it a wise and benefi-

cent undertaking, and the improved storm-warning service will

largely benefit the commercial interests throughout the West Indies.

The Central Meteorological and Magnetic Observatory of Mexico

has begun the equipment of about thirty stations in the Mexican

Republic, with the most approved meteorological instruments, and will

establish a meteorological service similar to our own. AVhen com-

pleted, an exchange of reports, especially those relating to the approach

of West Indian hurricanes and "northers" in the Gulf of Mexico, will

be effected.

NEW STATIONS IN ARID AND SUBARID REGIONS.

Congress last session made an appropriation for the purpose of

increasing the number of stations in the arid and subarid regions of

the country, and provision has already been made to establish stations

at Kalispel, Mont.; Boise, Idaho; Mount Tamalpais, Cal. ; Flagstaff,

Ariz., and Fort Worth, Tex. Additional stations will soon be located

at Meridian, Miss. ; Macon, Ga. ; Lexington, Ky. ; Elkins, W. Va.

;

Evansville, Ind., and Escanaba, Mich. These additional stations,

besides assisting in the development of agricultural and industrial

interests in the States in which they are located, will be of material

benefit in imi)roving the warnings and forecasts, especially for the

regions west of the Ilocky Mountains.

AERIAL OBSERVATIONS.

Aerial observations by means of kites were continued during the

year. It was hoped to establish at least twenty stations, but it was
found that only sixlc^en could be completely equipped. The observers

chosen for the work were; called to \Vashingt()n and given a practical

course of instruction in the art. of flying and managing kites. It is

too early to express an opinion regarding tlie value of the observa-

tions already secured in the aerial work of the Bureau.
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LAKE CHARTS FOR VESSEL MASTERS.

To increase the usefulness of the Bureau in the Great Lake region,

a monthly chart was issued showing the lake ports at Avhich storm

warnings are displayed, tlie localities in ports where information

respecting the weath(;r can be ol)tained, the regions of fog, tlie pre-

vailing winds, and other statistical information respecting tlie wind
and weather on the lakes.

LOSSES TO FARM PROPERTY BY LIGHTNING.

The Bureau has begun the collection of statistics of loss to farm

property, including live stock In the fields, by lightning, so as to

determine the frequency of lightning stroke and the amount of prop-

erty destroyed annually by that agency.

EFFICIENCY OF THE BUREAU.

The efficiency of the Bureau was fullj^ equal to the high standard

of the previous year. Four hurricanes which visited the Atlantic and
Gulf coasts during the fall were duly announced. The most severe

of these storms was that of October 2o to 26, which moved slowly from
off the Florida coast to the vicinity of Hatteras. It there increased

greatly in intensity, and caused violent northeast gales along the

coast as far north as New England.

Owing to the duration of the storm in the vicinity of Hatteras, the

Bureau was enabled to make a definite prediction with regard to the

tide at Norfolk, Va. , where, owing to the low level of the cit}', much
valuable property is liable to damage by inundation. Cotton and
other property valued at 1850,000 were removed to places of safety.

As a result of the warnings issued for this storm, between 800 and 900

vessels remained in port along the Atlantic coast.

During the prevalence of one of three severe storms which passed

from the interior to the eastern seaboard during Xovember, 1897, the

steamer Idaho, with 10 of her crew of 21, was lost on Lake Erie. This

vessel, disregarding the warnings of the Weather Bureau, left Buffalo

during the afternoon of the 5th in the face of storm signals which had
been flying since daybreak.

A remarkably violent wind and snow storm swept over eastern New
York and New England January .31 and February 1, 1898. The great-

est violence of the storm was felt along tlie New p]ngland coast, where
nearly two score mariners lost their lives and many vessels were
wrecked. Warnings of this storm were sent out the morning of the

31st and given the widest possible circulation.

Early in .January and February, 1898, forecasts of freezing weather

in Florida were made in time to enable the residents of that State to

protect their earl}' vegetables and fruit trees. Similar notices were

given regariling unusually low temperature in California.
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There were five important floods during the year, and but for the

timely warnings given by the Bureau the losses would have been

much greater than they were.

I'orecasts and warnings were at all times distributed with the

utmost dispatch, and the daily press has not only greatly contributed

to the success that has attended our efforts in circulating forecasts,

but has rendered valuable aid in disseminating special warnings of

cold waves, storm winds, frosts, etc.

There has been a great improvement in the instrumental equipment

of the Bureau, and no other similar territory in the world is covered

with such a complete equipment of instruments, recording climatic

and meteorologic phenomena.

CLIMATE AND CROP SERVICE IN ALASKA.

An agricultural experiment station having been established in

Alaska in April, 1898, an official of the Weather Bureau was sent

there to organize a climate and crop service. The central station is

located at Sitka, and continuous registers of wind velocity, sunshine,

temperature, and pressure will be made there.

TELEGRAPH SERVICE.

At one time the Federal Government owned and operated about

5,000 miles of seacoast and frontier telegraph lines. In 1891, 633

miles of these lines, mainly on the seacoast, were turned over to the

"Weather Bureau. These lines enable the Bureau to receive early

information of changes in weather at exposed points on the coast, to

displaj^ storm warnings near several of the great highways of vessels

entering or leaving our ports, and also to contribute largely to the

safety of vessels navigating our coasts.

STUDY OF METEOROLOGY.

The importance of the study of meteorology in the United States

has been kept in mind, especially in the assignment of observers to

duty at points where there are colleges or universities not already

provided with instructors in meteorology, and during the past year

the courses in meteorology have been strengthened in a large number
of higli schools and academies.

NEED OF AN ASSISTANT CHIEF.

Almost the entire time of the Chief of the Weather Bureau has

during tlie year been consunied in executive work, leaving liim but

little time to attend to oWwr duties. That work is constantly increas-

ing; therefore I recommend that an assistant chief of the Weather

Bureau bo i)rovided for.
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BUREAU OF ANIMAL INDUSTRY.

MEAT INSPECTION.

TJie Bureau muiiitHins u system of thoroujj;!! inspection of meat
products at one hundred and tliirtj--five abattoirs in thirty-five

cities. This is an increase of seven abattoirs and two cities over the
fiscal year 1897. The work done lias jj^rcatly exceeded any former
year, especially in the matter of pork i)roducts. This necessitated a
large increase in the force of employees, who were obtained through
examination by the Civil Service Commission. Their service has
been ofticient and satisfactory.

From the tables furnished by the Chief of the Bureau of Animal
Industry it is learned that during the year there were 9,228,237 ante-

mortem inspections of cattle, 10,028,287 of sheep, 408,199 of calves,

and 31,010,675 of hogs, making a total of 51,335,398 inspections. This
is a total gain over 1897 of 9,025,291 animals, divided as follows: Cat-

tle, 1,178,212; sheep, 1,983,932; calves, 19,216; hogs, 6,043,931. The
condemnations at abattoirs were 104 cattle, 741 sheep, 67 calves, and
9,679 hogs—a total of 10,591. The rejections in stockyards were 27,491

cattle, 9,594 sheep, 2,439 calves, and 60,001 hogs—a total of 105,585.

The number of condemned animals at abattoirs was 3,275 fewer than
in 1897, and the number rejected in stock yards was 27,247 greater.

These differences show the careful work of the officials in detecting
disease previous to the slaughter of the animals.

The records for the post-mortem work show 4,433,181 inspections

of cattle, 5,501,075 of sheep, 245,155 of calves, and 20,936,840 of

hogs. Of the carcasses condemned, 10,018 were of cattle, 3,567 of

sheep, 344 of calves, and 77,579 of hogs; and of the parts of car-

casses condemned, 12,591 were of cattle, 287 of sheep, 52 of calves,

and 35,250 of hogs.

In addition to the above there were killed by city inspectors 1,785

cattle, 1,509 sheep, 192 calves, and 14,698 hogs which had been
rejected in the stock yards by officers of the Bureau of Animal
Industry.

The meat-inspection tag, or brand, was placed on 14,815,753 quar-
ters and 968,014 pieces of beef, 5,448,477 carcasses of sheep, 217,010

carcasses of calves, 680,876 carcasses of hogs, and 394,563 sacks of

pork.

The meat-inspection stami) was affixed to 4,433,509 j)ackages of beef
products, 5,163 packages of mutton, and 10,145,048 packages of hog
products, of w^hicli 374,131 contained microscopically-examined pork.

The number of cars sealed containing inspected meat for shipment
to packing houses and other places was 18,631.

There were issued 35,267 certificates for meat products which liad

received the ordinary insi)ection; these covered exi)orts compris-
ing 1,256,716 quarters, 67,120 pieces, and 735,814 packages of beef,
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weighing 339,650,091 pounds; 5,1G3 packages of mutton, weighing

324,990 pounds; 39,212 liog carcasses and 653,50-4 packages of pork,

weighing 244,950,482 i)ounds.

The cost of this work was $409,138.09, which makes an average

of 0,8 cent for each of the 51,335,398 ante-mortem inspections,

besides covering all the subsequent work of post-mortem inspection,

tagging, stamping, etc.

The cost of insi)ection has been growing gradually less year by
year. The average cost per head was 4f cents in 1893, If cents in

1894, 1.1 cents in 1895, 0.95 cent in 1896, and 0.91 cent in 1897.

The number of animals inspected before slaughter is shown in the

statement below. The figures for 1897 are given also as a means of

comparison.

Animals inspected before slaughter for abattoirs, 1897 and 1898.

Fiscal year.
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was 20,158, covering shipments a.iigrei^ating -ITo/oW packaj^es, Aveigh-

ing 120,271,059 pounds. Of this qiiantitj', G08 packages, weighing

161,303 pounds, were exported to countries not exacting a certificate

of niici'oscopic inspection.

The cost of microscopic inspection was ^171,o-|.().f)4, an average per

specimen examined of G.l cents, or an average of 0.142 cent for each

pound exported. 'J'his cost per pound for the inspection of i)ork

shows a remarkable reduction from tlie cost in 1807, when it was

0.256 cent. The cost in 1890 was 0.204 cent; in 1895, 0.2 cent; in

1894,0.248 cent.

The microscopically inspected pork for 1898 reached the enormous

amount of 120,271,059 pounds. Only 161,303 pounds of this went to

countries not requiring inspection. In 1897, 43,572,355 pounds of

pork were inspected microscopically, 1,001,783 pounds of which went

to countries not requiring inspection. These figures show tluit coun-

tries requiring inspection received from us in 1898, 120,110,250 pounds

of pork, as against 42,570,572 in 1897—an increase of 77,539,784 pounds.

It is worthy of note liere that the amount of pork microscopically

inspected in 1898 exceeded the total amount of the three j^revious

years by 18,703,900 pounds.

The number of samples examined increased 49 per cent over last

year, the expense inci'eased 53 joer cent, and the exports increased

176 per cent.

INSPECTION OF VESSELS AND OF ANIMALS FOR EXPORT.

The number of inspections of American cattle for export was

859,340, and 1,438 head were rejected; 297,719 inspections of Ameri-

can sheep were made and 180 head rejected. The number of Cana-

dian cattle inspected was 19,397, of which 5 were rejected; 29,497

Canadian sheep were inspected and 38 of them were rejected.

The number of clearances of vessels carrying live stock was 971, as

against 954 in 1897.

Inspectors of the Bureau of Animal Industry in Great Britain

inspected cattle from the United States to the number of 381,420 and

sheep to the number of 151,803; cattle from Canada, 17,164; sheep

from Canada, 27,912. This shows an increase of 20,898 cattle and a

decrease of 9,408 sheep when comi)ared with the report for 1897. The
number of head of cattle lost in transit in 1897 was 2,323, or 0.01 per

cent, as against 907 head or 0.23 per cent for tliis year. The number
of sheep lost in transit in 1897 was 2,070, or 1.39 per cent, as against

1,018, or 0.89 per cent, for this year.

The cost of the inspection of export animals, the supervision of

Southern cattle transportation, and the inspection of animals imported

from Mexico was 1101,210.55. It is estimated that half of this expense

is on account of tlie export inspection, and, with this as a basis, the

cost of inspecting the 548,419 domestic cattle and sheei) exported was
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$50,005.28, or 9.2 cents per head. The number of inspections made
of these animals in this country was 1,157,065, and in Great Britain

533,283, making a total of 1,090,348, the average cost of each inspec-

tion being 2.99 cents.

Following is a statement showing the inspection of domestic cattle

and sheep for export, and number exported for 1898, compared with

1897:

Inspections and exports of domestic cattle and sheep, 1S97 and 1S9S.
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is largo, and is an indiealion tliat no mistake is made in oxtonding

inspection to horses. These abattoirs slauglitcr liorses exclusively.

Regulations are being formulated for the inspection of live horses

for export. It is believed such inspection will stimulate the demand
abroad for our liorses, especially in England, where the question of

inspection of American horses has already been di.scussed to some

extent.

PAYMENT EOK MICROSCOPIC INSPECTION.

While the work at the abattoirs becomes more thorouglily .systema-

tized from year to year and the cost of inspection per pound of meat

has become gradually less, the great extension of the work necessa-

rily increases the total expenditures. The question as to whether the

Government should continue to pay the cost of this inspection, or

whether the expense should be borne by the slaughterers, is one

which, in my opinion, ought to receive earl}^ consideration. As bear-

ing upon this feature of the question, I quote from my report for 1897:

While I believe the general inspection of meat for sanitary purposes should be

made by the Government, without charge to the slaughterers, the microscopic

inspection to a great extent is a commercial inspection, and the cost of it could

be more legitimately assessed against the trade which it benefits. If the packers

paid the cost of the inspection there would be no longer any reason for declining

to extend it to all who apply for it.

EXPERIMENTS WITH HOG CHOLERA.

The experiments conducted in the fall of 1897 upon hog cholera and

swine plague proved so encouraging that Congress made a special

appropriation for the purpose of continuing the work. The bill was

late in passing, and further time was consumed in making the neces-

sary preparations to carry on the work on a sufficiently jiractical scale.

Material to inject about 1,000 animals was sent to the agent of the

Bureau of Animal Industry in Iowa, where the first test is being

made, and reports already received indicate that about 80 per cent of

the animals treated were saved, while in the check herds barely 20 per

cent were saved.

On account of the time required to secure a suj)ply of this serum,

the quantity so far produced has not been adequate to give sufficient

data upon which to base definite conclusions; but the results so far

obtained are gratifying indeed, and it is deemed advisable to continue

the work another year. The production of serum is being steadily

increased, and in a short time a largo and regular output will bo

assured. It remains onl}- to test the remedy upon a sufficient scale

and to perfect the method of procedure.

A grave question now presents itself in connection with this sub-

ject. I refer to the manufacture of the serum in quantities sufficient

to supply the prospective demand. The necessity for its manufacture
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Avitliout the temi^tation inseparcable from purely commercial under-

takings to cheapen the product is manifest. It is obviously of the

utmost importance that this serum should be jiroducod of tlie requisite

strength and i)urity until the efficacy of the treatment is thoroughly

understood and api)roci;itod and a reliable standard is established, as

in the case of other remedial agents, and the interest of the public

demands that this discovery, having been made by public ofl&cials at

public expense, should not be diverted to private profit. It must be

supplied for the benefit of all at a minimum of cost; and, under the

circumstances, I can see no alternative but that the manufacture
should be continued under Government control, at least for some
3'ears to come.

TUBERCULOSIS.

The study of tuberculosis, with reference to both men and animais,

has been continued, and the results so far obtained indicate that

experiments already begun in this line should be continued, as there

is a prospect of more satisfactory results.

TEXAS FEVER.

Experiments in dij^ping cattle to kill the ticks which cause Texas
fever were continued, with the gratifying result that a substance has

been found which will destroy all the ticks on an animal at n single

dipping. In order to test the experiment on a large scale, about a
thousand head of cattle were dipped at Fort Worth, Tex., and thence

shipped to northern Illinois and placed in pastures with susceptible

cattle. The ticks were all killed l)y the dipping and the cattle did

not communicate the fever to the susceptible cattle. An equal num-
ber were dipped at Mammoth Spring, Ark., with equally successful

results. The importance of this measure can hardly be overestimated,

and prominent stockmen consider that it is worth millions of dollars,

both to cattle raisers below the quarantine line and to the feeders

and grain producers north of the line.

These encouraging results have led to a demand for dipping sta-

tions at man}'^ other points, and arrangements are now being made for

perfecting the dipping process and for securing the establishment of

such stations before the next (quarantine season at points convenient

for shipment and inspection.

INVESTIGATION IN BLACKLEG.

The demand foi- blackleg vaccine has increased \ oiy much during

the 3'ear. More than .'{,"5,000 doses have been s(Mit out. Tlie results

received from its use indicate that the percentage of loss in herds

has been reduced from 10 to 20 per cent to less than 1 per cent. This

means not only an immense saving to cattle raisers, but, if generally

used, will tend to eradicate tlie disea.se comj)letely.
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DIVISION OF CHEMISTRY.

The Division of CluMiiistry diii-ini^ llie jmsl yoai- has continued its

work on the composition und adulteration of foods. An elaborate

bulletin, treating of the composition of cereals and all cereal products,

represents the results of the i>rincipal amount of woi-k in this direc-

tion. Another bulletin is devoted to the composition and uses of

Indian corn, and this bulletin was prepared especially for presenta-

tion at the Third International Congress of Applied Chemistry in

Vienna, which met in July, 189S. The bulletin has jjroved of such
interest to Europeans that permission has been asked for its transla-

tion both into Italian and French.

OFFICIAL AGRICULTURAL CHEMISTS.

The cooperation of tlie Division with the Association of Official

Agricultural Chemists has continued with mutual benefit. As a
result of the systematic study of methods of investigation of soils,

fertilizers, and agricultural products, the United States has now a

uniform method of research, everywhere practiced and recognized as

oflBcial by both trade chemists and the courts of justice. European
nations have been impressed with the value of this cooperative work,
and are now organizing similar associations. In view of these facts,

the propriety of recognizing in some official way the Association of

Official Agricultural Chemists is evident. Congress should enact
some special recognition of this association, so as to establish more
fully its official character and render its proceedings more valuable,

not only in scientific matters, but also in the courts.

STREET SWEEPINGS, ETC.

The impoi'tance of disposing of street sweepings, garbage, and other
refuse of cities has engaged the attention of the Division, and a con-

siderable degree of progress was made in studying the agricultural

value of these matters.

STUDY OF TYPICAL SOILS.

In the study of typical soils in the vegetation house it has been
developed that meteoric influences other than those relating to pre-

cipitation have a great influence on crop production. The solar

influences are evidently of great importance, and the distribution of

solar heat is a factor not to be neglected. Excessive or deficient

temi^eratures at critical stages of the growth of a crop are factors of

prime importance in final i)roducts.

COOPERATIVE WORK.

The Division has been engaged in important cooperative work with

the Treasury Department and other Departments of the Government.
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Tlio Chemist was appointed, with my approval, by the Secretary of

the Treasury, chairman of a commission charged with the work of

preparing the reguhitions for determining the amount of duty to be

collected on imported sugars. The commission also instituted a series

of investigations in the several ports of entry to investigate the man-

ner in which the regulations were carried out. The Chemist, as a

member of the international commission for unifying methods of

55Ugar analj'sis, presented at the Vienna congress an important con-

tribution in regard to this desirable agreement.

A further cooperation of the Division with the Treasury Depart-

ment resulted in obtaining data in the examinations which were con-

ducted of a character that served to save the Treasury a very large

sum of money claimed as rebates under a provision of the law per-

mitting the ropa^'ment of taxes collected on alcohol which was used

in certain arts. Important cooperation of the Division was also

secured in conucction with the Post-Office, State, and War Depart-

ments. The Division of Chemistry holds itself in readiness to comply

in the shortest possible time with all reasonable requests of the other

Departments for chemical services.

SUGAR-BEET AND FOOD INVESTIGATIONS.

The Division continued during the jcrv its investigations of the pos-

sibilities of producing high-grade sugar beets in various parts of the

United States. As a result of the extensive chemical studies con-

ducted, the area suitable to the production of the best beets has been

more definitely delineated. A few years more of studies of this kind

will mark out in a practical manner the areas where beets of the

highest grade can be produced.

In the work on food adulteration interesting investigations have
been instituted in the examination of food products imported from
foreign countries. Critical studies of agricultural imports from the

countries which exclude similar imj^orts from our country on the

ground of adulteration or unwholesomeness will be continued.

NEW LABORATORY.

The old quarters used bj' the Division of Chemistry having proved

inadequate for the rapidly increasing work of the Division, a new labo-

ratory' has been leased, wliero more ample facilities will bo afforded.

DIVISION OF ENTOMOLOGY.

GENERAL INVESTIGATIONS.

General investigations have been carried on in this Division tlirough

the year upon insects injurious to garden crops, to shade trees, and to

citrus treesand fruits. The general expcrimontal work, with remedies,
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lias comprised especially careful investigations of the availability of

li3'(lrocyanic-acid gas in the disinfection of seeds in bulk and of plants

and nurserj'^ material, and further experiments with arsenicals and
various oil mixtures in order to determine their effects on plants in

dormant condition and in foliage. One of the expert assistants of the

Division visited Europe for the purpose of studying the methods of

controlling injurious insects in the Old World, with a view to deter-

mining their value and applicability to our own country, and in order

to study the conditions of climate, forest growth, and method of cul-

ture in their bearing on the abundance or absence of injurious insects

and the methods of prevention of insect injury.

SPECIFIC INVESTIGATIONS.

Specific investigations of importance may be mentioned under the

following heads:

WORK ON INSECTS FROM ABROAD.

Careful investigation of the so-called Morelos orange fruit worm, a
species which it is feared may be accidentally introduced into the

orange groves of California and Florida, has been made. The distri-

bution of this insect in Mexico was unknown even to Mexicans, and
the fears of this country were considered by Mexicans to be largely

imaginary. This season's Investigations, however, prove that this

destructive fruit worm is distributed throughout all of Mexico east of

the Sierra Madre Mountains, and that it may at any time be intro-

duced into California in early fall oranges imported from that region,

A preliminary attempt has been made to introduce from southern

Europe into California an insect which is responsible for the fertiliza-

tion of the Smyrna figs of commerce. The Entomologist visited Cali-

fornia in the spring of 1898 and found that conditions were ripe for

such an attempted introduction, and an agent in Europe will, during

the coming year, endeavor to take the necessary steps to bring about
this introduction, which, it is hoped, will result in the production by
California of a fig equal to the Smj^rna fig.

A successful importation has been made of an important parasite

of certain large scale insects.

THE GIPSY MOTH.

By direction of Congress, the Entomologist made a careful study of

the work which has been done by the State of Mas.sachuselts against

this imported insect pest, and has reported that after careful field

study extending over practically the whole summer, ho is convinced
that Massachusetts is taking the proper course in making large appro-

priations to exterminate tlie insect, and that the work is being carried

on in a manner worthy of all praise.
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THE MEXICAN COTTON-BOLL "WKEVIL.

The work whicli Ims been carried on during the season has developed

a new and important spring remedy against this insect, and this,

together witli earlier results achieved by this Division, have now put

Texas cotton planters into possession of a knowledge of how to

economically keep their fields free from this injurious species, which

was recently thouglit to threaten the destruction of the entire crop of

the State.

CHLNCII HUG AND HESSIAN FLY.

During the year investigations liave been made upon these two

well-known and very injurious insects, and a comprehensive bulletin

upon each species has been completed and is now read}^ for the printer.

OTHER INVESTIGATIONS.

Other important work carried on under this Division during the

year has included the sending successfully of beneficial species to

foreign Governments suffering from outbreaks of the white or fluted

scale, the preparation of an account of the work accomplished during

the past two years against the San Jose scale, an investigation of the

injurious grasshoppers of the Western States, work upon remedies to

be used against the house hy, suggested b}^ the growing belief in the

importance of this insect as a carrier of disease, work upon the geo-

graphic distribution of injurious insects of the United States, and
experimental Avork in apiculture.

BIOLOGICAL SURVEY.

LIFE ZONES AND CROP ZONES.

With a view to determining the areas best adapted for various

crops, the Biological Survey has been engaged for several 5^ears in

collecting data for mapping the natural life zones of the United

States. A detailed stud}^ of tlie distribution of tlie native animals

and plants has been made in the belief that areas inhabited by indig-

enous species coincide with those most suitable for certain varieties

of fruit and cereals and for breeds of domesticated animals. Tliis

investigation lias now progressed far enough to permit the publica-

tion during the past year of a revised map of the life zones of the

United States and two reports containing the results, of more general

interest to farmers and horticulturists.

One of these reports comprised a description of the life zones and

crop zones of the United States, with lists of the more important varie-

ties of fruits and grains adapted to each area; the other an investi-

gation of the geographic distribution of some of the more important

cereals. The latter bulletin, based on reports from more than a thou-

sand grain growers, showed the areas in which about thirty of the
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more important v.aricties of corn, -whoat, and oats are now profitably

cultivated, and the regions where these varieties may bo expected;

to succeed. Field woik was continued during the j'ear in Washing-

ton, Oregon, California, Nevada, ]5ritish Columbia, and northeri>

Mexico for the purpose of obtaining data for use in outlining the life-

zones with greater precision than liad hitherto been possible in these*

regions.

ECONOMIC RELATIONS OF MAMMALS AND BIRDS.

The Biological Survey is often called upon to determine the value*

of birds and animals to practical agriculture. It is in effect a court

of appeal in which complaints are investigated concerning thosec

species which are considered injurious to crops. A careful study is-

made of the food of useful and injurious birds and mammals, and?

thousands of stomachs of birds are examined in the laboratory. Two
thousand three hundred and tAventy-nine stomachs, mainly of spar-

rows, swallows, and woodpeckers, were examined during the year.

A report has been prepared on the native cuckoos and shrikes, ani
reports on flycatchers and native sparrows are in preparation. Sev-

eral of the latter birds feed largely on weed seed during the winter^

and it is a matter of no little interest to determine how far they cam

aid the farmer in checking the increase of noxious weeds. The-

importance of this work is emphasized by the increasing demand
made on the Department for information and publications on birds^

in consequence of the recent widespread popular interest in orni-

thology,

FUTURE WORK.

As the work of the Biological Survey becomes more generally known^
the demands for information, maps, and reports increase far more^

rapidly than the means for meeting them. Biological maps of cer-

tain States and maps showing the distribution of particular mam-
mals or birds are sought not only for reference but for purposes o£"

instruction. Local biological surveys have been planned or have*

already been inaugurated in several of the States, and the Depart-

ment has been appealed to for assistance in this work, but it has thus^

far been unable to actively cooperate through lack of sufficient appro-

priations for the puri^ose.

The work for the immediate future comi)rises a combination of field!

work outlining the life zones of the Pacific coast, investigations ons

varieties of fruits, vegetables, and field crops similar to that already^

undertaken in the case of cereals. An investigation which is of spe-

cial interest at this time is a thorough examination of the fauna antl

flora of the tropical region which lies along our southern border ancf

enters the United Stat<\s at several points. Our new island jiosses-

sions are entirely within this region and present an inviting field for

1 a9S 3
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exploration. As tlieir resources become more generally known tbe

question of what semitropical or tropical products can still be profit-

ably grown in Florida and the Gulf States is likely to become a very

important and practical one in several of the Southern States.

DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.

The work of this Division is carried on with a view of obtaining

additional light on the conditions governing the growth and produc-

tiveness of cultivated plants, with special reference to diseases, nutri-

tion, and development of new and improved sorts by breeding and
selection.

RESULTS OF INVESTIGATIONS.

During the year valuable knowledge was obtained relative to

increasing the sugar and starch producing power of plants and the

effect of soil foods on their growth and productiveness.

The study of diseases of truck and garden crops and of crops grown
und<'r glass has been continued, and methods of preventing several

of the most destructive, such as black rot of the cabbage and the leaf-

spot disease of melons, celery, and violets, given to growers of such

crops through bulletins or by correspondence.

Smuts and rusts of cereals have received much attention. The
latest and best methods of preventing smut were given to the public

through a Farmers' Bulletin, and much valuable knowledge relative

to rust was gained.

In the study of diseases of citrus fruits and other subtropical plants

special attention was given to sooty mold and blight of the orange

and blight of the pineapple.

On the Pacific coast peach-leaf curl, apple canker, a bacterial disease

of English walnuts, and a new bacterial bulb disease have received

especial attention. Imj^ortant results have also been obtained from

a study of other disea.se3 prevalent in different parts of the country

on the apple, pear, peach, plum, and other fruits, on crops of various

kinds, and on forest and shade trees.

HYBKIDrZlNO.

The work of h^'bridizing the sweet orange with the hardy trifoliate,

with a view of obtaining a variety resistant to cold, was pushed, and
about one hundred and fifty hybrids obtained. In addition to this

about one thousand hybrids of other citrus plants were obtained.

Considerable work was done in crossing pineapples, and as a result

two hundred and fifty-nine hybrid seedlings wore secured. These

produced plants of great vigor and confirmed the belief that by this

means there may be produced fruits which will be larger, of bettor

quality, better shippers, and more resistant to blight. Similar work
was carried on with pears and with wheat and other crops.
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ROUTINE WORK.

About six thousand letters relating to diseased plants and other

lines of work were answered during the year, and about twelve thou-

sand specimens of disease-producing fungi, representing six hundred
different species, were prepared for distribution to the experiment

stations. Much time was also devoted to the preparation of bulletins

and papers on results of investigations.

SEED DISTRIBUTION.

Finding it desirable to separate the seeds to be distributed by the

Department into three classes and to place the distribution of each

class of seeds under the control of a Division or Section, which in a

greater or less degree is interested in the character of the seeds dis-

tributed, I assigned to the Seed Division the distribution of vegetable,

flower, and field seeds; to the Section of Seed and Plant Introduction

the collection and distribution of foreign seeds, and to the Division of

Chemistry the distribution of sugar-beet seed, the entire work of seed

distribution being placed in charge of the Assistant Secretary of

Agriculture.

Every effort is made to so place the seed that the best results may
be obtained, Nearl}^ all requests were complied with, none being

refused when it Avas possible to send seed. In a number of cases

special purchases of seeds not included in our contract were made for

that purpose.

With few exceptions the reports from persons who have received

and i)lanted the seed have been favorable.

While it is too early to determine the value of the seeds introduced

from foreign countries, I am satisfied that some varieties will prove
very^ desirable.

The vegetable, flower, and field seeds were distributed b}' our con-

tractor at Toledo, Ohio, under the super\ision of the special agent
and with the aid of clerical help sent from this Department.

CONGRESSIONAL AND MISCELLANEOUS SEED DISTRIBUTION.

The seeds distributed under direction of the Seed Division during
the fiscal year ending June 30, 1898, aggregated 15,702,914 papers and
cloth bags, as follows: Vegetable, papers, 14,243,527; flower, papers,

1,254,037; field, papers and bags, 205,350.

Of the 15,702,914 papers and bags of seeds distributed, 13,599,586

papers and cloth sacks of vegetable and field seed were distributed

to Senators, Representatives, and Delegates in Congress (by their

allotments); 751,170 papers of flower and vegetable seeds to corre-

spondents of the Division of Statistics; and 889,460 papers and bags
of vegetable, flower, and field seeds to the State granges. The re-

mainder were distributed to Weather Bureau ob.servers, experiment
stations, etc.
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DISTRIBUTION OF FOREIGN SEEDS AND PLANTS.

ri'of. N. E. IlansGii was appointed a special agent of the Depart-

ment for the purpose of securing foreign seeds and plants valuable

for introduction into thi.s countr}-. Under the direction of the Sec-

tion of Seed and IMaut Introduction, Professor Hansen during the

past year visited portions of Russia and Siberia and succeeded in

collecting 57 varieties of vegetable seed, 289 of melon, 75 of fruit

and berry plants, 150 ornamental plants, 70 wheat, 14 barley, 20 oats,

6 rye, 70 forage plants, 5 oil-producing plants, and a large number of

miscellaneous seeds of desert i^lants, etc.

Upon arrival, these seeds and plants were put up into about 5,000

packages by the Section of Seed and Plant Introduction and sent out

largely to State agricultural experiment stations, and to such reliable

cultivators as had shown a willingness to cooperate with the Depart-

ment by making reports as to the success of these imported plants.

While it is too early to predict the value of most of the introduc-

tions, the most promising are a variety of alfalfa, seedlings of the

Siberian apple (imported for experimenting in the Dakotas), a new

orange-fruited raspberry, and a Russian sand vetch.

DISTRIBUTION OF SUGAR-BEET SEED.

In the disti-ibution of sugar-beet seed, they were sent to the sections

that were thought best adapted to their use. The agricultural experi-

ment stations were included in the distribution, and persons to whom
sugar-beet seed were sent w^ere advised that the State experiment

stations would make analyses of the sugar beets grown in each State.

Very cordial cooperation has been brought about between the Depart-

ment and the State experiment stations.

The sugar-beet seed were purchased from Vilmorin, Andrieux <fc

Co., in Paris, and from Dippe Brothers, in Quedlinburg, Germany, and

distributed by the Division of Chemistry. In all, 34,436 pounds of

seed were purchased, and partly distributed in bulk and partly in

packages containing about 1 8 ounces each. Large quantities were dis-

tributed by Members of Congress, and 40 pounds of extra high-grade

seed were distributed among experiment stations for use in the pro-

duction of seed.

SECTION OF FOREIGN MARKETS.

In tlu! Section of Foreign Markets a radical departure was made in

the study of our relations with foreign markets by promptly diverting

it to the field opened by the prospect of clianges in Hawaii and the

West Indies. The advantage of this was demonstrated by the

demand for imblications in that connection.
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REPORTS ON COMMERCE OF HAWAII, SPAIN, AND PUERTO RICO.

A report on the commerce of the Hawaiian Islands was issued dur-

ing the discussion of annexation. It covered the past ten years and

gave special attention to trade with the United States.

When war with Spain was imminent, a rapid investigation of the

extent and nature of the commerce of the people of that country was
made. I3y quick and intelligent action information was obtained

from Spanish ofificial reports showing the foreign trade of Spain in

detail, and the amount and direction of shipping under the Spanish

flag. This information was made public at the critical moment, just

preceding the declaration of war. It was followed a few days later

b}'^ a more detailed statement of the trade between Spain and the

United States.

The likelihood that Puerto Rico would become a possession of this

Government called for a statement of the trade relations of that island,

and it was made. Full details were presented of the exports and
imports of the island. These furnished a basis for estimating its pro-

ductive capacity and its requirements from other places. The statis-

tics were from Puerto Ricau official sources, and as tliey were made
public for the first time were particularly valuable as well as timelj*.

REPORTS ON TRADE WITH AUSTRIA-HUNGARY.

Reports were issued during the year on the foreign trade of the

United States in agricultural products and on the wheat production

of Austria-Hungary. In the first of these the classification of agri-

cultural imports and exports was carefully revised and a comprehen-

sive and instructive presentation of the important facts was made.
The demand for the report on foreign trade in agricultural products

was so strong that the essential information was embodied in a cir-

cular, of which 85,000 copies were distributed.

In compliance with a request from the Secretary of State, much
time was devoted to the compilation of information for the use of the

special commissioner appointed to negotiate reciprocity treaties.

OFFICE OF ROAD INaUIRY.

EFFORTS FOR GOOD ROADS.

The problem of securing good roads continues to be a very impor-
tant branch of work. Publications upon the subject of the best

methods for road improvement have been distributed freely. Care
has been taken to send them where they would be most effective in

stimulating activity in the movement. Representatives of the Office

have attended many important meetings for the discussion of roads,

and in this way valuable information has been both gathcMod and
disseminated.
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lu localities where construction of roads according to the most
appi'oved methods has been in progress a representative of the

Department has made a study of the operations and extended such
assistance as was possible. The Office of Road Inquiry has also

actively cooperated with two of the State agricultural experiment

stations in spreading the work of good roads. The road laws of sev-

eral of the most progressive States have been collected and studied.

These efforts have met with hearty appreciation in every direction,

and there has been a steady increase in the demand for assistance.

Both country papers and the metropolitan dailies have become inter-

ested in the movement and have printed very much upon the subject,

in many instances reproducing Department circulars and bulletins

in full.

'

OBJECT-LESSON ROADS.

The object-lesson road at the Rhode Island Agricultural College

has been completed, and a report of the details of the work, along

with the results of other inquiries, will be presented in the Yearbook
for 1898. Owing to lack of funds it has been impossible to comply
witli calls for similar aid elsewhere, and it has been necessary to dis-

continue these object lessons in connection with agricultural colleges

and experiment stations, although many of these institutions are still

calling for aid. They are ready to bear most of the expense, asking

of the Department only the payment of freight on machinery and of

part of the salaries of experts. The help given from this Department
usually proves sufficient to secure the financial support of the towns
and farming communities in the vicinity of the experiment. Numer-
ous letters received by the Office of Road Inquiry testify to the great

value of these cooperative experiments. Everywhere the plan meets
with the highest commendation, but it can not be extended without

an additional appropriation.

STEEL ROADS.

The aim of the Office of Road Inquiry is to cooperate with people

of the several States in making the best possible use of material \vithin

their reach in road making. Large areas in many of the States have
no gravel, rock, or other hard material with which to make roads. I

have had experiments made during the present year with steel as

extensively as our means would permit.

An experiment of this kind is being conducted at Cleveland, Ohio.

A section of 500 feet of steel track has been laid on a street in the

suburbs where the traffic is heavy, and its value is already generally

acknowledged. A sample steel road 510 feet long has been laid upon
the grounds of the exposition at Omaha. It is proposed to make
traction tests upon this t rack to show how much less power is required

to move a load over such a road.
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The steel road is not excessively costly by comparison, with other

roads and will last much longer with less repair, and is probably tlie

most economic road for localities where material is not obtainable for

macadamizing.

SENTIMENT IN FAVOR OF GOOD ROADS.

The growlli of sentiment in favor of good roads is shown by the

passage of progressive laws in New York, Pennsylvania, and other

States, and by the appointment of a highway commission in Marj'land,

and also hy the reports of increased sales of road-making machinery.

DIVISION OF AGROSTOLOGY.

EXPERIMENTS IN THE GRASS GARDENS.

Through the efforts of this Division we are learning the needs of the

several sections of the country and the forage problems which they

have to meet. We are acquiring a better knowledge of the distribu-

tion and value of our native grasses and forage plants, as well as the

peculiar conditions of soil and climate best suited to their groAvth.

More than 500 varieties of grasses and forage plants valued for forage

have been grown in the grass garden on the grounds of the Depart-

ment during the past season. Visitors from all parts of the country

have been much interested in this exhibition, which has afforded

many lessons, not only of interest but of real practical value.

The garden contains plats of grasses suitable for lawns, besides

many species from the East and from the South, and especially from

the West, all growing together with apparent success, and it is inter-

esting to note the peculiar habits of the grasses of the moist and
wooded regions of the East and those of the arid, treeless regions of

the Vfest as here displaj^ed. A large number of leguminous plants

liavo been given a place in the garden, and one of the most interest-

ing experiments has been a trial of alfalfa grow^n from seed obtained

from more than twenty different sources. Trial samples of these

seeds were sent to a lai'ge number of experiment stations who volun-

teered to undertake comparative experiments in their cultivation.

Up to the present time it has not been possible to detect any marked
variation in the plants grown. Turkestan alfalfa, the seed of which
was introduced last year in large quantities from Russia, has made a

remarkable growth in some of the experiments conducted in the West.

At North Yakima, Wash., it made a growth of over 3 feet in seventy-

nine days, sending up many stems from each root. It is believed that

this alfalfa will prove to bo more hardy than the ordinary sort, and it

may be distinguished by minute hairiness on the under surface of the

leaves.

Many varieties of grasses and forage plants have been tested at the

grass garden at Knoxville, Tenn., during the year. It has, however,
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been thought best to discontinue olTicial connection Avith this garden

and select a station farther south, wliich shall be more typically

Southern in its character, both in soil and climate. The problem in

Tennessee is not so much Avhat can be grown as how to grow the

largest amount of the best quality with the least expense, problems

which the agricultural experiment station at Knox\ ille is now well

prepared to solve.

INVESTIGATIONS FOR THE IMPROVEMENT OF FORAGE RESOURCES.

In connection with the investigations in the Southwest two stations

have been established, one at Abilene and one at Channing, the

former presenting conditions characteristic of the center of Texas

and the latter of the great region of northwest Texas, known as the

Panhandle. The experiments carried on at these stations were made
with a view of determining how the cattle ranges may be improved

by practical methods. At the station at Abilene more special lines

of investigations and experiments are being carried on, especially in

the way of testing varieties which may be suited to that region.

Comparative work of the Division is being performed by many vol-

unteer experimenters, especially among the more intelligent farmers

in Colorado, Texas, AVj^oming, Montana, and Idaho. The object of

these experiments is the introduction of new or little-known and

desirable hay and pasture grasses, as well as soiling crops. A num-

ber of the more progressive ranchmen and stockmen of the Northwest

have agreed to devote from 1 to 5 acres of cultivated land to the more

promising native grasses or those introduced from foreign countries,

seed of which we may be able to furnish them.

Seeds of grasses and alfalfa impoi-ted from Russian and eastern

Asia were sent in amounts sufficient to sow from one-twentieth of

an acre to an acre of each variety to 479 parties who had previously

agreed to give them careful cultivation and report fully at the clo.se

of the season the results obtained. The data thus secured can not

fail to be of great interest and value to all interested in the improve-

ment of the forage lesources of our countiy. Eleven hundred pack-

ages of seeds of native grasses, salt bushes, wild clovers, wild beans,

and lawn grasses, mostly collected by the employees of the Division

while in the field, were distributed to our correspondents, who
expressed a desire to aid the Division in its investigations.

Field investigations in the States along the Gulf coast have been

carried on during the past two seasons and one report upon the work

done in this section is now in the hands of the printer. Work, as

already indicated, has been carried on in the Southwest, and in the

Northwest investigations have been made by special agents, whos^

reports liave already been publislu'd.

The field work so far has been confined to the Atlantic slope, but

there is being manifested among the fainuMs and ranchmen of the
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Pacific coast a inaikcd interest in i^i-ass and r()ra.i,'o-plaiit questions,

and a demand for an extension of our work along these lines in the

States west of the Divide is now being made.

THE GRASS COLLECTION.

Over 5,000 specimens of American grasses liave been identified

during the year and nearly 3,000 sheets of herbarium specimens

mounted and added to the National Herbarium. The grass collection

now in the Department numbers over 30,000 sheets.

DIVISION OF SOILS.

The Division of Soils has continued the investigation of the physical

properties of soils and their relation to crop production, and work has

now been started upon the mapping of soils on a scale of 4 inches to

the mile, to be published probably on a scale of 2 inches to the mile.

These maps will show in great detail the soil areas adapted to the

different agricultural crops. Considerable advance has also been

made in devising methods of investigating soil conditions where crops

suffer, or where the soil conditions are not well adai)ted to crops

which the location and markets demand.

RECORDS OF MOISTURE CONTEXT OF SOILS.

Records have been continued of the moisture content of some of the

principal soil areas in the country with the electrical method of mois-

ture determination. As the soil is the immediate source of tlie wat^r

supply of plants, this record becomes an essential part of climatology,

and it seems probable that this work of the Division of Soils, in con-

nection with the present work of the Weather Bureau and of the

Division of Statistics, will develop a distinctively new line of agricul-

tural climatology. This work is closely related to the work of the

Weather Bureau, but is supplementary to it. It includes the record

of evaporation to which the plant is subjected, the water supply main-

tained by the soil for supplying the loss due to this evaporation, and

the intensity of the actinic and heat radiations which influence the

physiological activities of the plant. Numerical values can be given

to the evaporation and to the soil-moisture conditions, so that it is

possible to express numerically the relative conditions of plant growth

from day to day so far as these two important factors of evaporation

and water supply are concerned. This will add greatly to the prac-

tical value of our knowledge of climatology.

INVESTIGATION OF ALKALI SOILS OF YELLOWSTONE VALLEY.

The electrical metliod of salt detei-mination in soils has been used

in the exploration and investigation of the alkali soils of the Yellow-

stone Valley. An examination was first made of the general conditions
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in the valley, and then a very minute study of a section of land

which was just being ruined b}'^ the rise of alkali. This examination

amounted to an undei-ground survej'' of the field, and maps have been

made showing the distribution of alkali at different depths." A great

number of borings were made to a depth of 10 or 15 feet, and salt

determinations were made in everj'^ 6 inches or each foot in depth.

Accurate maps have been made showing the amount and distribution

of the alkali at several of these depths.

The result of this investigation will be issued in the form of a bul

letin. Briefl}', it was found that in the original jirairie soil above the

ditch there is not sufficient alkali to be injurious to vegetation. The
amount of alkali was greater in the lower depths of the subsoil. As

a rule, water is used in excess on all of these lands under irrigation,

and to such an extent that it accumulates in the subsoil. When the

depth to standing water is not more than 2 feet from the surface,

alfalfa turns yellow and dies out. In all cases the first injury was

from tlie accumulation of water from excessive applications through

irrigation. Where this water remains for some time in the subsoil the

alkali leaches down through seepage from higher lands, and is brought

up from the subsoil and accumulates at the surface in quantities suffi-

cient to prevent the growth of cultivated plants. Other problems of

great value to the agriculturist were worked out in the course of this

investigation. Such work will be invaluable in the treatment of

alkali soils.

This underground survey of the alkali lands has given the most

important information in regard to the amount and distribution of the

soluble salts and the way in which they accumulate in certain locali-

ties through overirrigatiou.

TOBACCO INVESTIGATIOXS.

The tobacco business has become very highly specialized. Each

market has its own requirements, each class of users has its own par-

ticular style, and each season brings some change of style which must

be met by the tobacco grower. There is a great deal of competition

in our own country and veiy serious competition from abroad, espe-

cially from Cuba and Sumatra. In several of our tobacco districts

tlie acreage has been reduced one-half in the past ten or fifteen years.

Someof the districts have almost completely abandoned the culture of

tobacco. On the other hand, several new localities are being opened,

witli prospects of good prices for the better grades of wrapper leaf

botli for cigar and manufacturing purposes. The best wo can do,

however, in the cigar leaf is far below the product of foreign coun-

tries. The Cuban filler sells for ten times as much as the Pennsyl-

vania and Ohio filler; the Sumatra wrnp[)er is worth ten or fifteen

times as much in the markets as the Conned icut wrapper. To meet

this competition it is absolutely necessary that our farmers should
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have at their disposal a tliorougli knowledge of their own conditions

and of the conditions of the soil, climate, methods, and labor condi-

tions of competing districts.

SOIL MArS OF THE TOBACCO DISTRICTS.

One of the first necessities in the development of a new district or

in the improvement of an established district is an accurate soil map
of the locality, on which the soils adapted to the different t5^pes and
grades of tobacco are plainly' shown. In all of our tobacco districts

there are large areas of land sown to this crop which are not adapted
to a good grade of tobacco. There are also large areas well adapted
to a fine grade of leaf which liave never been used for this purpose.

Enough is known of the relation of soils to tobacco to warrant the

preparation of very accurate maps, indicating the character of the

tobacco from each of the soil areas in the district. After these types

have been established and the soil areas have been mapped, the

experiment stations can take uj) a study of the cultural methods
adapted to each of the tj^pes of soil. In this study of the influence

of the soil upon the qualitj^ of the leaf it is important to extend the

stud}' to all localities, and to gather information from Cuba and
Sumatra as well as from Kentuekj^, Virginia, Pennsylvania, and Con-
necticut. This is work that the experiment stations can not do for

themselves.

CURING AND FERMENTATION.

Among the most important lines of work which the Department can
take up for the tobacco grower is the study of the diseases in the

tobacco bed and the comjiaratively few diseases in the field, and par-

ticularly the study of curing and fermentation. A large amount of

research work has been done, particularly in Germany, in the fer-

mentation of tobacco, but verj^ little is yet known of the changes
which go on in the process or regarding the specific agents which bring

about these changes. So much Information and practical benefit

have been derived from a study of butter and cheese, in the control

of the ferments and bacteria which produce the texture and flavor

of the product, that it is very desirable that similar knowledge in

the curing and fermentation of tobacco and similar control of the

finished product should be secured. This work will require very
careful study of the changes in the fermentation pile in the different

tobacco districts.

It is important to know exactly to what organisms the peculiar flavor

and aroma of the tobacco is due; what influence is exerted by the

character of the leaf, by climatic conditions, find by methods of manipu-
lation. This work can only be thoroughly done by systematic work-
ing in different tobacco districts in our country with different varieties

of tobacco and different climatic conditions. It should certainly
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embrace a study of fermentation in the tobacco of Cuba and of

Sumatra. If our tobacco growers are to attempt to raise a product
equal to that of Cuba and Sumatra, and if this is to be done not by
chance, but through systematic, scientific investigations, then the soils

and other conditions of growth must be thoroughly understood and
the fermentation changes carefully worked out in Cuba and Sumatra.
It is necessary, therefore, that a soil expert and a bacteriologist extend
their work to these foreign countries.

In view of the great importance of the tobacco industry in this

country and of the very important practical results w4iich are likely

to accrue from the investigation of the subjects herewith presented, I

have submitted in my estimates to Congress a special appropriation

for tobacco investigations.

DIVISION OF FORESTRY.

CHANGE IN CHIEF OF DIVISION.

At the end of the fiscal year the creation of the New York State

College of Forestr}' and the election of Mr. B. E. Fernow to the direct-

orship created a vacancy in the position of Chief of the Di\ision,

which Mr. Fernow held for twelve j^ears, and Mr. Gifford Pinchot, of

New York, was appointed his successor.

TREE PLANTING IN THE TREELESS REGIONS.

Believing that the attention of this Division should be directed

rather more to the tree-planting interests of the treeless regions, I

directed the discontinuance of the series of investigations which had
in view a better knowledge and use of our economic timbers, in order

that the funds might become available in the aforesaid direction.

The foi-est-planting experiments in cooperation with the State agri-

cultural experiment stations were, therefore, prosecuted more vigor-

ously and extended to Texas, Oklahoma, and Montana, besides adding
another station in Pennsylvania, where the methods of reclothing

cut-over lands were to be demonstrated.

By my direction a plan was elaborated for the introduction of

species a(la])ted to dry climates, and a competent agent appointed to

carr}' out the plan, which contemplates the establislimenl of a num-
ber of arboreta in our dry regions, in which are to be assembled such
trees and shrubs from all pails of the world as might eventually

prove adapted to th('S<' regions. One of the most useful lines of work
has been a canvass of the forest conditions of the State of Wisconsin,

in cooperation with the State geological survey, which has brought
out the significant fact, that, through careless lumbering, followed by
destructive fires, over 8, 000, ()()() acres of that Slate have been rendered

practically useless and one4ialf that area a veritable desert as far as

present economic conditions are considered.
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TIMBER PHYSICS INVESTIGATIONS.

The accumulated data of tlic investigations in timber i)liysics have

been worked over in part and yielded some most important results,

among which the law that the strength of a beam at the elastic limit

is equal to the compression strength of the material, which was estab-

lished by the tests of the Division, Avill influence the practice in the

use of wood for construction nu)st advantageously.

PLANS FOR THE COMING YEAR.

The plans for the Division of Foresti-y, approved by me, for the com-

ing year cover the following lines of work, all of which are directly

related to the welfare of our people:

Practical assistance to farmers, lumbermen, and others in handling

private forest lands. Since these lands exceed by far in area those

of the Government and the States combined, woodland in farms alone

covering more than 200,000,000 acres, this attempt to increase their

present as well as their future value, and thus secure their preserva-

tion, has before it a field of wide usefulness.

An attempt to find tiie best trees for planting in the so-called tree-

less regions of the West, a matter of far-reaching importance to a

very large percentage of the farming population of this country,

A study of the historj^, nature, and ways of action of forest fires

in the United States and their effect on the composition and repro-

duction of forests. The prime object of this work, which covers a

field practically untouched until now, is to develop better methods
of preventing and extinguishing these fires than have jet been

employed.

A study of the effect of lumbering on the forests, in order to

devise improved methods advantageous both to the lumberman and
to the forest. Combined with this work, detailed investigations of

the growth of trees of special commercial importance will be made,
with the object of ascertaining whether and how much it will pay to

hold timber land for future crops.

Investigation of the timber resources and requirements of Alaska,

Cuba, and Puerto Rico, which is needed to meet the numerous requests

for information made to this Department.

In addition, a classified series of forest photographs, intended to

furnish illustrations of the results of the various lines of work, will be

begun during the year.

The extremely practical character of these lines of work is evident.

Their popular standing is indicated by the fact that the assistance of

the Division has been asked in the handling of nearly a million acres

of forest land, under an arrangement by which, in the case of all but

farmers' wood lots, the Department is relieved of all expenses except

salaries for its agents in the field.
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In view of these facts, I have been impelled to lay before Congress

the urgent need of a considerable addition to the appropriations at

my disposal for the use of the Division of Forestry.

OFFICE OF EXPERIMENT STATIONS.

THE STATE EXPERIMENT STATIONS.

The examination of the work and expenditures of the agricultural

experiment stations by the Office of Experiment Stations during the

past year has shown that these institutions are, as a rule, working

more thoroughly and efficiently than ever before for the benefit of

American agriculture. More than six hundred persons are employed

in the work of administration and inquirj'. About four hundred re-

ports and bulletins were issued by the stations in 1897, which were

directly distributed to over half a million addresses, besides being

widely reproduced in the agricultural and county papers. The appro-

priation of $720,000 from the National Treasury for the support of the

stations was supplemented by State funds aggregating over 1400,000.

The need and value of scientific researches on behalf of agriculture

are now very clearly understood, and the number and importance of

institutions organized for this work are constantlj^ increasing in all

parts of the world. Xowhere has so comprehensive and efficient a

system of experiment stations been established as in the United States.

In the scope and amount of their operations, and in the thoroughness

with which the useful information they obtain is disseminated among
the farmers, our stations are unsurpassed. During the ten years

which have elapsed since the Hatch Act went into effect a very large

amount of accurate information of direct practical benefit to our farm-

ers has been published by the stations. Not only have the numerous

bulletins and reports of the stations been freely distributed in all parts

of the country, but many valuable books largely based on the work of

the stations have been written for the farmers' use, while the agricul-

tural press has busily collated and disseminated a vast mass of

information directlj^ relating to the work of the stations or supple-

mentary to it. The contrast between the correct information regard-

ing the principles and practices of his art easily obtainable by the

farmer of to-day and that available for his predecessor of a generation

ago is very wide and striking.

NEED OF MAKING OUR STATIONS STILL MORE EFFECTIVE.

The general success of our agricultural experiment stations makes it

all the more important that they should eveiywhere be organized and

conducted with a view to securing the most economical and efficient

service for the benefit of agriculture. It were well if the farmers in

every State and Territory were alive to the importance of making each

and every experiment station a thoronglily ofTeffive institution for

agricultural research. There are certain princii)lcs which oxi)orience
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has shown must be followed in the inanagemcntof stations if they are

to be most highly useful. Attenti(jn lias been called to the.se from
time to time in the reports of tlie Department, but there is still need
to urge upon appointing officers, governing boards, and all the fri.mds

of agricultural progress tliat, in order to make tlie experiment stations

what they ought to be, they must be organized on a permanent basis,

and their plans of work must be carefully made and carried out by
thoroughly trained experts, who are so circumstanced that they can
give time and enei'gy in full measure to the research work.

Political considerations should have no place in the choice and reten-

tion of station officers, college duties should not be allowed to encroach
on the time set apart for original investigation, and the compilation

of old information should always be made secondary to the acquire-

ment of new knowledge. Our farmers are worthy of the best that

science and expert skill can win for them out of the realm of the facts

and principles which nature will reveal to the diligent student of her
mysteries. To divert from their highest and best uses any of the

funds which the people have freely given to bring the aid of science

to agriculture is most reprehensible. The stations which are held in

the highest honor alike by scientists and farmers are those in which
there has been most original and thorough work.

The stations are not the only means for the education of the farmer.

Agricultural colleges, farmers' institutes, boards of agriculture, and
various other agencies have been established to instruct the farmer
regarding the present status of agricultural science as applied to his

art. It is the business of the experiment stations, on the other hand,
to advance knowledge of the facts and principles underlying success-

ful agriculture and to teach the farmer new truths made known by
their investigations. The act of Congress creating the stations clearly

defines their functions to be the making and publishing of original

investigations. Wherever a station has neglected this and merely
endeavored to educate the farmer, we find a weak station, and where-
ever a station has earnestly devoted itself to original investigations,

we find a strong station. The station may very properly lend its

assistance in strengthening the influence and work of the educational

agencies established for the farmers' benefit, but it fails to fulfill its

real mission when it resolves itself into a bureau of information or

devotes a large share of its energies to the compilation of popular
treatises on agriculture. It is gratifying to observe that the original

investigations at our stations aro increasing in number and improving
in quality. In some places, however, there is still need of decided
changes in policy and work.

"WORK OF THE OFFICE.

In connection with its supervision of the expenditures of the experi-

ment stations, representatives of this Ofiico have visited the stations
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in all the States and Territories. Durinjj: tlie year the Office issued

43 documents, amont; wliich were included the ninth volume of the

Experiment Station Kecord, 12 bulletins, and 7 Farmers' Bulletins.

The review of the literature of agricultural science in the Experiment
Station Record has been made more complete than heretofore, and
embraces all the countries in which agricultural investigations are

conducted. No such comprehensive survey of this field of scientific

research is made elsewhere. Witli the aid of the Record our inves-

tigators are kept well informed regarding the i)rogress of agricultural

science throughout the world.

In accordance with my instructions, the Office has systematically

engaged in the preparation of popular resumes of the work of the

experiment stations for i^ublication as Farmers' Bulletins. Several

of the bulletins have been issued and are grouped together in a sub-

series denominated Experiment Station Work. Each of these bulle-

tins contains a number of short articles, summarizing the results of

recent investigations in different lines, and explanations of the tech-

nical terms necessarily employed in describing the results of investi-

gations. As stated in a prefatory note in each number, "the chief

object of these publications is to disseminate throughout the country

information regarding experiments at the different experiment sta-

tions, and thus to acquaint our farmers in a general way with the

progress of agricultural investigation on its practical side." One of

the chief reasons for establishing an Office of Experiment Stations in

the Department was that it would be a])le to collate and disseminate

the information obtained b}" the individual stations for the benefit of

farmers throughout the country. It is believed that this new series

of jjopular bulletins makes the work of the Office much more effective

in this direction. Now that the purpose of these bulletins is being

understood there is a large demand for them.

The Office has somewhat extended its work in collating and publish-

ing information regarding the agricultural colleges, and in promoting

the general interests of their work. It has also continued in charge of

special agricultural investigations in Alaska and of the researches on

the food and nutrition of man which the Department is conducting

in cooperation with colleges and experimental stations. Investiga-

tions on irrigation, to be carried on in a similar wa}', have recently

been intrusted to this Office.

AGRICULTURAL EDUCATION.

The past year has b«>en marked by considerable progress in the

more complet(; organization of courses of instruction in agriculture in

our colleges and universities. The general subject of agriculture is

being divided in these courses with a view to securing more efficient

teaching in the several branches. Instead of having one professor of

agriculture as in the past, a number of our colleges have separate
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chairs of plant production, animal liusliandry, and dairying. Depart-

ments of soil ph3'sics with separate laboratories are being established.

The buildings, appai-atus, and other facilities for agricultural educa-

tion have been materially improved during the year. The improve-

ment in the equipment and methods of instruction has resulted irv

bringing more and better students into the agricultural colleges.

The movement for the extension and popularization of agricultural

instruction is growing in importance. The short and special courses-

in the colleges, the farmers' institutes, and the home-reading circle*

are attracting larger numbers of farmer students. The effort ta

introduce nature teaching, largely on subjects relating to agriculture^

is being actively prosecuted in several States. The time seems ripe^

for the introduction of outline courses in the theory and practice of

agriculture into the secondary schools in or near our rural commu-
nities in much the same wa}^ that business courses are emploj-ed int

the city high schools.

There is a growing demand that this Department shall furnish our
people with information regarding the progress of agricultural educa-

tion at home and abroad. The necessity for the more careful studjr

of the problems of education as related to the progress of our country-

in agriculture, as in the other arts and industries, is being forced home-

upon us b}^ the closer relations of the United States with the rest of

the world which recent events have done so much to promote. The>

Department of Agriculture, sustaining close relations with the workers^

on the farms and the educational institutions already established for

their benefit, might accomplish much more toward the improvement
and wide extension of agricultural education. I have therefore rec-

ommended a small increase in the appropriation for the Office of
Experiment Stfitions to enable it to extend its Mork in this dii-ection^

AGRICULTURAL INVESTIGATIONS IN ALASKA.

The first appropriation "to enable the Secretary of Agriculture tc

investigate and rej^ort to Congress upon the agricultural resources of

Alaska, with special reference to the desirability and feasibility of the-

establishment of agricultural experiment stations in said Territory,'*'

became available July 1, 1897. The general supervision of the work
under this appropriation was assigned to the Director of th.c Otfico of

Experiment Stations. Special commissioners wei-e appointed to visit

the coast and island region of Alaska, and by the courtesy of the-

honorable Seci-etary of the Interior the supei-intendent of Government,
schools in Alaska collected information regai-ding the agricultural

capabilities of the Yukon Valley. Collections were made of soils and
of native plants, especiall}' those used for food and forage. Data
were obtained regarding the genei-al topography, climate, and soils;

natural and cultivated pi'oducts and methods of cultivation; stock.

1 a98 4
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raising; area of arable lands; agricultural difficulties and possibili-

ties; desirability of experiment stations, and the locations suitable

for them.

Specimens of vegetables and small fruits, in no way inferior to those

grown elsewhere in the Uuited States, were collected in different parts

of Alaska, and analyses of the grasses which grew very luxuriantly in

many localities in that region showed them to be fully as nutritious

as those produced in the most favored agricultural regions of this

country. The reports of our agents, prepared under the direction of

the Director of the Office of Experiment Stations, were transmitted to

Congress last December and were published as Document No. IGO of

the House of Representatives, Fifty-fifth Congress, second session,

and afterwards as Bulletin No. 48 of the Office of Experiment Stations.

In accordance with my recommendation. Congress continued the

appropriation for work in Alaska during the current fiscal year,

increasing the amount to $10,000. Prof. C. C. Georgeson, a native of

Denmark, and thoroughly familiar with the conditions of agriculture

in northern Europe, who had had a long experience as professor of

agriculture and an experiment-station officer in Japan and Kansas,

was transferred from the Division of Agrostology to the Office of

Experiment Stations and made special agent in charge of the Alaska

investigations. He has made his headquarters at Sitka, in the vicin-

ity of which place experimental plantings of seed of over 100 varieties

of vegetables, grasses, and forage plants have been made.

Seeds have also been distributed to a number of different localities

in Alaska, and agreements for cooperative experiments in a number
of places have also been made. The building of a silo for the preser-

vation of native gra.sses and the feeding of the silage to horses and

cattle have been arranged for on a farm in the vicinity of Juneau.

After careful examination Castle Hill, a lot in Sitka, which a number
of years ago was set aside as a site for Government buildings, which

were afterwards located elsewhere, has been reserved by an order of

the President as a proper place on which to erect a building to serve

as headquarters for the experiment station and weather service in

Alaska. About 110 acres of partly cleared land have also been reserved

in the immediate vicinity of Sitka for experimental purposes. A
similar reservation has been made on Kadiak Island, and it is pro-

posed to make a third reservation on the Kenai peninsula.

The botanist of the Office of Experiment Stations has continued the

botanical survey of the region in the vicinity of Sitka and Cook Inlet

begun last year.

The reports of the officers engaged in the Alaskan investigations

during the present season have not yet been prepared, but it is

expected that they will be ready for transmissicm to Congress early In

its coming .session. Knough has, liowever, been done 1o show that It

is both desiral)U' and feasible to carry on agricultuial investigations
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in Alaska. To accomplish results of any value it will, of course, be

necessary to plan these investigations to cover a series of years, and

comparatively little of practical imi)ortance can be expected from

them until they liave been in progress for some time. The experi-

ments and observations made in the field should be supplemented by

work in the laboratory. No provision has thus far been made for the

erection of such buildings as will be needed In connection with these

expei-imental investigations. It is also very desirable that experi-

ments w ith live stock should be undertaken in the near future. The
appropriation for these investigations should also be made with refer-

ence to the difficult conditions under which the work must be prose-

cuted. I therefore urge that the recommendation of the Director of

the Office of Experiment Stations, that the appropriations for Alaska

investigations for the etisuing year be the same in amount as that for

experiment stations in other parts of the United States, be adopted in

the appropriation bill for the next fiscal year. As it will be very

desirable to enlarge our experimental operations in Alaska at the

outset of the season of plant growth, commencing with the spring of

1809, I hope that the next appropriation for this work will be made
immediately available.

NUTRITION INVESTIGATIONS.

The investigations upon the "nutritive value of various articles

and commodities used for human food" have been pursued as hitherto,

in cooperation with agricultural colleges and experiment stations and
other educational institutions. In this way the Department has

secured the services of experts and facilities for its work on very

advantageous terms. There have been many indications that public

interest in these inquiries is widespread. Special investigations with

the respiration calorimeter have been made, in which not only the

nutritive value of the food consumed but also its relation to the heat

and energy evolved by the human bodj* during periods of rest and
work have been measured with a completeness and accuracy hitherto

unknown. These investigations are not only of very high scientific

importance, but have also already given promise of useful practical

application. The results of the careful studies of the dietaries of

people of different occupations, made in connection with the nutrition

investigations, have been widely republished in this country and
abroad.

It is believed that the nutrition investigations of the Department

have already done much to establish a scientific basis for the courses

of instruction on the food and nutrition of man, whicli are rapidly

increasing in number and importance throughout the country. The
amount of information which the Department has published in con-

nection with these investigations has already been relatively large,
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and the accumulation of unpublished data will make it i^ossible to

publish a lunnbor of bulletins on this subject during the present fiscal

j^ear.

IRRIGATION INVESTIGATIONS.

The friends of the development of irrigation as applied in agricul-

ture in the vast region west of the Missouri River secured from

Congress at its last session an appropriation of ^10,000 for the current

fiscal year, to be expended under the direction of the Secretary of

Agriculture " for the purpose of collecting from agricultural colleges,

agricultural experiment stations, and other sources, including the

employment of practical agents, valuable information and data on

the subject of irrigation, and publishing the same in bulletin form."

With a view to securing economy in the general administration of

this fund it was decided not to create a separate division for this work.

As by the terms of the act the work was largely to be done in cooper-

ation with the agricultural colleges and experiment stations, its gen-

eral supervision was intrusted to the Director of the Office of Experi-

ment Stations. Special effort has been made to secure the services of

experts who have had not onl}^ scientific training but also practical

experience in irrigation as conducted in the great West. With a view

to formulating plans of work along the most useful lines, a confer-

ence of experiment station officers and irrigation engineers was held

at Denver last summer under the direction of the Director of the Office

of Experiment Stations. The problems of irrigation were earnestly

and freely discussed at this conference and the needs of the farmer

for Information on irrigation subjects were carefully considered. As

a result of the expert advice which the Department thus received, it

has been determined to confine the work on irrigation at present to

two general lines: (1) The collation and publication of information

regarding the laws and institutions of the irrigated region in their

relation to agriculture, and (2) the publication of available informa-

tion regarding the use of irrigation waters in agriculture, as deter-

mined by actual experience of farmers and expei'imental investigations,

and the encouragement of further investigations in this lino by the

experiment stations.

Arrangements have already been made for the preparation of sev-

eral bulletins by competent experts, and it is hoped that during the

present fiscal yoar (•()nsi<l(M-ablo useful information will be published

and distributed by the Department. It is obvious that tlie present

appropriation will enable the Department to go only a little way in

the aeeomi)lishinent of the work which is urgently demanded by the

growing agrienll iiral interests of the irrigated r<'gion. I heartily

concur with the opinion set forth in the report of the Director of the

Office of Experiment Stations, that Congress should establish a settled

policy regarding tin; worlv of this Department on irrigation, and that
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if it is deemed wise to continue such work nndor iii}- direction appro-

priations should bo made which will enable the Department to plan

irrigation investigations on a comparatively large scale and continue

them through a series of years. Some of the reasons which seem to

make it ver}'- desirable that investigations on irrigation should bo
systematically pursued by this Department are set forth in the report

above referred to, and I ask that careful consideration be given to the

arguments tliere made in support of this proposition.

It is clear that a crisis has been reached in the life of the commu-
nities in which agriculture is dependent upon irrigation for its suc-

cess. The laws and institutions relating to irrigation, which have
grown up in these communities, have in many ways proved so inade-

quate and unsatisfactory that there is a widespread feeling that

radical and immediate action is demanded for their reformation.

Unfortunately, the accurate information on which alone intelligent

reforms can be based is almost wholly lacking. As the problems
which confront these communities are, in a general way, the same,
and in many particulars affect the national as well as local interests,

it is highly appropriate that the National Government should under-

take investigations to aid in the solution of the jaroblems of irrigation.

As many of these problems are directly connected with those in other

agricultural lines in which this Department and the experiment sta-

tions are working, it is my judgment that this Department should be
put in a position to efficiently organize and conduct important inves-

tigations in this line.

As already stated, the investigations of the Department may prop-

erly follow two general lines: First, a careful study should be made
of the laws and institutions of tlie irrigated region with special refer-

ence to their improvement. The objects of this work will be (1) to

aid courts and administrative otTicers in the adjudication of claims

respecting water rights; (2) to bring out the defects in existing laws
and methods of administration, and to furnish impartial and ade-

quate information on which wiser and more equitable legislation and
court decisions may be based; and, (3) to assist farmers in the acquire-

ment of water rights and to protect their interests in the appropriation

and use of water for irrigation. Tlie other branch of work wliich the

Department should take up is the carrying on of thorough original

investigations along a numl)er of different lines. The agricultural

experiment stations in the irrigated regions have already shown the

way in which such investigations should bo conducted. Their means
have, however, been too limited to enable them to make more than a

beginning of the work in this direction.

One fundamental investigation which should be immediately under-

taken relates to the correct determination of the practice of successful

farmers in the use of water for irrigation with different soils and
crops. At present such information is almost wlioUy lacking. The
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collation of such information in sufficient amount to warrant the con-

clusions on whicli a.irricultural practices, laws, and judicial and admin-

istrative proceedings may properly be based is in itself a large task.

The data thus obtained would be of great value, not only for practical

purposes, but also as a guide to investigations by the experiment sta-

tions and other agencies. When once the actual amounts of water

used by fanners in the irrigated regions have been determined, investi-

gations should be undertaken to find out what is the minimum of

water required by different soils and crops, in order that we may know
to what extent the available water supply of the irrigated region may
be utilized in the development of its agriculture. There are numerous

other irrigation investigations which the Department and the experi-

ment stations might well undertake; such are those which relate to

the most economical methods for the application of water to crops, the

utilization of the rainfall as affecting the need for irrigation waters,

the problems of seepage and drainage, the effect of irrigation water

on the growth and productivity of plants of different kinds, the pre-

vention of the accumulation of alkali in the surface soils, and the

reclamation of the alkali lands.

I believe that the importance and variety of the work demanded

in the interests of irrigation in this country will justify a large increase

in the appropriation for irrigation investigations by the Department.

I hope that at the coming session of Congress a well-defined policy

regarding the work of the Department on this subject will be defi-

nitely adopted.

DIVISION OF BOTANY.

SHEEP GRAZING IN THE FOREST RESERVES.

At the request of the Secretary of the Interior, the Botanist of the

Department was directed early in July, 1897, to proceed to the Cas-

cade Forest Reserve of Oregon to investigate and report upon the

effect of sheep grazing on the forests of that region, an agricultural

investigation for which his long experience in Western botanical

exploration had well equipped him. The report demonstrates that

the old system of unrestricted use of the forest lands as a grazing

common is a public evil and is a menace to other branches of agricul-

tural and State prosperity. A feasible way of removing this menace

is conclusively pointed out, and fortunately the method proposed not

only is not antagonistic to the interests of those engaged in stock

grazing, but is distinctly favorable to them. The adoption of the

proposed system gives every promise of contributing materially to the

.solidity of agricultural institutions in the West, more especially to

the range-slock industry itself.

CHICORY GROWING, ETC.

In my last Annual Report attention was called to the fact that the

United States imports annually at least $8,000,000 worth of minor
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agricultural products, nearly all of wliicli could undoubtedly be grown
wiili profit by the farmers of this countrj'. The first of these crops

taken up for investigation wtis chicory. Following the Department's

sui:)port of the chicorj'-growing industry, which consisted, first, in

indorsing a tariff of 1 cent per pound on imports of the crude root, and
secondly, in publishing, after a careful investigation, a full report

on the methods of chicory growing, the imports of chicory, which in

the fiscal j'ear 189G amounted to 10,317,888 pounds, and in 1897 to

17,329,170 pounds, dropped in the fiscal year 1898 to the astonishing

total of 315,707 (raw) pounds. Making due allowance for the heavy
antetarifT imports of May and June, 1897, it is clear thai a very large

percentage of tlie chicorj^ consumed in the United States during the

last fiscal ycai- was grown by American farmers. Not only does this

result appear from the import statistics just cited, but the Depart-

ment has direct information of the establishment and successful opera-

tion of chicory farms in Michigan, Nebraska, and other States. In

several respects methods of chicory growing as now practiced in the

United States are superior to the Belgian methods in the substitution

of horsepower for hand cultivation, the use of superior plows, new
and much cheaper method of digging the root, and more efficient

slicing and evaporating machinery.

Investigations of other miscellaneous agricultural imports of the

United States are now under way.

SEED TESTING.

To the Division of Botany has been intrusted the task of testing all

the seeds sent out by the Department, not only those of the regular

departmental distribution, but those imported through the recently

established Section of Seed and Plant Introduction and those procured
in other ways for the experimental work of the various Divisions.

Never before has the Department distributed seeds of higher purity

and germinative capacity than during the past year. Furthermore,
an elaborate series of field tests was made to ascertain whether the

seeds were really of the varieties stipulated in the contract. It was
found that in several cases the varieties were wholly at variance with

the contract, seeds of cheaper varieties having been substituted, pre-

sumably by the subcontractors. The fact that these varieties were
not true to name could not, of course, be ascertained for several

months after the seeds were distributed, but a portion of the purchase
money was withheld, pending the result of the field tests, and a com-
mensurate reduction was made in the price paid for the seed. The
principal beneficial result of this action is expected to lie in its warn-
ing to future contractors that they will be paid for no inferior seed,

whether this inferiority is due to themselves or to their subcontractors.

The seeds purchased in Russia by Prof. N. E. Hansen, special agent
of the Department, for introduction into the United States, upon
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their receipt in Washington were found to contain a large amount of

weed seed, in many cases of kinds not jet known in the United States.

On account of the lack of seed-cleaning machinery in the districts in

which the seed was purchased it was impossible to get clean seed.

Every package, therefore, was carefully tested in Washington City

for purity, and if found to contain weed seeds was carefully cleaned,

either by machinery or by hand. Furthermore, the seeds when dis-

tributed were accompanied by a memorandum calling attention to

the danger from foreign weeds and directing their extermination,

Fhould any appear.

GINSENG.

The efforts of the Department in encoui-aging the cultivation of

ginseng have met with gratifying success. An investigation of the

subject was begun in 1893 and a report issued in the following year.

At that time the Department announced the cultivation of the root

as feasible, but could of course give no infornuition as to the manner

in which cultivated root would be received in the Chinese market.

During the past four years, however, experimentation in ginseng

culture has gone steadily on. The cultivated product has been mar-

keted, and the commercial status of cultivated American ginseng

established. First-class cultivated roots, dried, have been selling

during the past year at 15.50 to ^Cy per pound, slightly in advance of

the best wild root. The Department, therefore, fully indorses the

cultivation of American ginseng as an additional resource of the

American farmer.

DIVISION OF POMOLOGY.

WORK DURING THE YEAR.

The distribution among experimenters, in different sections of the

countr\', of trees, scions, cuttings, plants, vines, and seeds of fruit-

bearing varieties and species anujunted to 200 lots, including 185

varieties and 2G species.

In preparing an exliibit of fruit models for tlie Trans-Mississippi

International Exhil)ition at Omaha a plan was adopted by the Division

which would furnisli information to observant visitors as to tlie

appearance and varied chaiacteristics of important fruits. The
exhil)it was divided into groups illustrating the principal commercial

apple grown in the trans-!Mississippi region, the varieties adapted to

dessert and other uses in the same region, Russian and crabs, new
and small varieties, and specimens of the leading commercial and

dessert fruits of tlie XTnitcd Stat<'s.

A sp(!cial invest igal ion of the fruit (list rids of llic PacKic slope was

made during the year, and the results will be included in the next

revision of the Fruit Catalogue, to be issued during the coming fiscal

year. For this purpose, I appointed Prof. E. J. Wilson, of the
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University of California, a special agent of this Division for a period of

six months; also Prof. W. II. Ragan, of Greencastle, Ind., as special

agent for three months. Pnjfessor Ragan is cliairman of the com-

mittee on revision of Catalogue of the American Pomological Society,

and the appointment was made in recognition of the cooperative

work undertaken hy this Division with the society in the re\'ision of

this catalogue.

Descriptions of 4S5 fruits were added to tlie files, 75 wax models

were completed, and 200 water colors were made during the year.

WORK IN PKOORESS.

An investigation of the present status of the cultivation of the

European grape in the Southeastern section of the United States is

being made. This is being done in cooperation with the Section of

Seed and Plant Introduction, for the purpose of determining the

advisability of renewed efforts in the introduction and cultivation of

varieties of Vitis vinifeni on resistant stocks in tluit region.

Many of the promising fruit-bearing species of foreign countries

referred to in last year's report will soon be introduced into this coun-

try for experimental cultivation.

DIVISION OF PUBLICATIONS.

MEDIUM FOR DIFFUSION OF INFORMATION.

The Division of Publications is the medium for the diffusion of the

information acquired by the various Bureaus, Offices, and Divisions of

the Department. The results of the investigations for the promotion

of agriculture and the information acquired by the corps of scientists

and experts are made available through various forms of publica-

tions, of which 501 were issued during the year, and the total number

of printed copies amounted to G, 280,305. These publications com-

prised technical reports and popular bulletins, and circulars on agri-

cultural and kindred subjects, and they were distributed as promptly

as our facilities afforded to the very largo proportion of our people

interested in or actually engaged in farming pursuits. Notwithstand-

ing the large number of copies of iiublications distributed, they were

not sufficient to meet the demands; and it is evident that only by an

increased appropriation will it be possible to place the results of the

work of this Department in the hands of all wlio are justly entitled

to the same.

It is extremely gratifying to know that a knowledge of the Depart-

ment and its usefulness is more widely prevalent than at any time in its

history. This is due in a measure to the great increase in the number
of small popular pampldets and the wide distribution of them. At

the same time tliere has been no retrogression in the scientilic and

technical reports which record the investigations and researches
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made by our scientists and experts, and afford a permanent record of

our achievements in the various realms of inquiry. These bulletins

have been distributed with the greatest possible discretion. As
regards all the bulletins and reports, the etTort has been to place

them in the hands of the persons who actually need them, and to deny
the publications to all Avho apply for them simply to gratify a desire

to obtain something because it is free.

THE YEARBOOK.

An interesting feature was added to the Yearbook for 1897, consist-

ing of a series of 19 papers, aggregating 220 printed pages, prepared

b}' the various chiefs of Bureaus, Offices, and Divisions, setting forth

the work of each in relation to the farmer. The Yearbook also con-

tained 18 miscellaneous papers on agricultural and kindred subjects,

besides my preliminary report and the appendix of useful informa-

tion, aggregating 7SG pages. In this connection, I am constrained to

recommend an increase in the quota of this publication allotted to the

Department. For several j'ears this allotment has consisted of only

30,000 copies, which is inadequate to supply the correspondents and
others who receive no other compensation for the valuable services

they render the Department, to saj' nothing of the demands from mis-

cellaneous applicants, both domestic and foreign. For such purposes

there should be at least 20,000 copies, making the entire quota of the

Department 50,000, while Congress might order for the exclusive use

of its Senators and Members such number as it sees fit, its proportion

now being 470,000 copies. It is safe to say that the growing popular-

it}- of the Yearbook is due to its improved character and to the

increased knowledge in regard to it.

The preparation of the volume for 1898 is already far advanced,

and for 1899 I am considering the propriety of making a special

effort to prepare a publication which shall contain a resume of the

achievements in the United States in every branch of science as

related to agriculture during the nineteenth century for distri-

bution at the Paris Exposition. At least 50,000 copies could be

advantageously distributed, and I have no doubt Congress will vote

an increased appropriation for such purpose.

farmers' bulletins.

Tlio amount expended for printing Farmers' Bulletins during the

year was 132,756.46, the total number of copies being 2,170,000, of

which 1,580,000 were distributed upon the order of Senators, R(!pre-

sentativos, and Delegates in Congress, the quota of each being 4,000

copies. Heretofore the quota was 5,000 copies, which was reduced

bofau.se of the insufficiency of the appropriation for these bulletins.

Roiiuests from ^Members of C'ongre.ss for additional copies aggregat-

ing over ]()0,00() copies had lo l)o refused, owing to this cause. The
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growing demand for these bulletins warrants tlio recomniendalion

that adequate funds be made available for their jjreparation, print-

ing, and distribution.

THE DISTRIBUTIOX OF DOCUMENTS.

The distribution of the publications of the Department has pro-

ceeded in accordance witli the law of January 12, 1895, occupying the

time and energies of the considerable force of employees necessary to

mail, including publications and circulars, more than 7,000,000 docu-

ments. A special effort has been made to prevent duplication, and
this precaution has made it possible to supply many deserving persons

who would otherwise have been deprived of the publications.

The documents turned over to tlie Superintendent of Documents
have met with ready sale, outnumbering those of all the other Depart-

ments combined, the amount which he realized from such sales being

12,080.15. The sum so realized should be made available for reprint-

ing the publications that become exhausted, thus renewing the supply

for the benefit of those who are willing to pay the nominal price afiixed.

AN UNJUST RESTRICTION.

I feel constrained to again recommend the rej^eal or alteration of

the provision of the act providing for the public printing and binding

and the distribution of public documents, approved January 12,

1895, which restricts to 1,000 copies in any one year all publications

exceeding in size 100 octavo pages. Not infrequentl}' a most val-

uable report is necessarily larger, and the restriction referred to

prevents its proper dissemination, withholding from many people,

specially interested, valuable information to which they are entitled.

It is earnestly hoped that Congress will speedily remove this and
every other barrier, so as to allow the Avidest possible diffusion of

the information acquired by the Department.

DIVISION OF STATISTICS.

INVESTIGATIONS OF THE YEAR.

The principal work of the Division of Statistics consists of the col-

lection and publication of information concerning the condition, acre-

age, and production of the i^rincipal products of the soil, and the

number, value, and condition of farm animals.

Among the subjects which have been investigated ])y the experts

of this Division ai'e tlie consumption of commercial fertilizers, the

changes in the rate of charge for railway and other transportation

services, the cost of raising a bale of cotton, the production of sugar

in the United States, the world's production and consumption of wool,

and the application of the principle of cooperation to farming or for

the farmers' benefit. Reports on the two first menliouod have been
published. The others are in i)rogre»s.
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IMPROVEMENT IN CROP REPORTING SYSTEM.

One of the most important duties devolving upon this Division is

crop reporting. The Statistician has devoted special attention to the

subject of improving these reports and organizing a system which shall

be loss cuiubersomc and more efficient. During tin; year the number
of State agents lias been increased from twenty to forty-one, and the

relative increase in the reports received from voluntary reporters,

both countj^ and township, has been very considerable. The Statis-

tician earnestly recommends, as a further step in securing efficient

service and adding to the value of the improvements already secured,

the appointment of five traveling inspectors, whose duties shall include

the periodic visitation of State and county agents, and who shall visit

the principal agricultural regions after seedtime and during critical

periods of the growing season, and finally, after harvest, reporting

the results of their observations to the Statistician. In view of the

value of these reports, it is to be regretted that Congress reduced the

appropriation for tliis Division for the cui-rent year.

IMPOSSIBILITY OF ANTICIPATIXG FINAL OFFICIAL FIGURES.

For manj' years charges have been made that certain operators on
the different produce exchanges have had in their possession, several

hours in advance of publication, statements relative to the crop

reports alleged to have been obtained from official sources. In many
cases the figures closel}^ corresponded with the figures subsequently

announced by this Department. It was evident!}' necessary to make
such allegations impossible, and without reflecting upon anyone of

the employees of the Division, changes have been made in the han-

dling of the returns Avhich make it practically impossible for anyone
to anticipate the final official figures. The fact that since these

changes were made the discrepancy between the figures claimed to

have been prematurely obtained and those actually published by the

Department has been marked is a matter of congi-atulation, and
should confirm the falsity of Jiny such allegations in the future.

INVESTIGATION OF THE CONSUMPTION OF WHEAT.

Owing to the uncertainty that prevails as to the annual per capita

consumption of wheat and the difficulty of obtaining ab.solutely

reliable information concerning the amount produced fiom year to

year, it is i)roposed to so extend the work of this Division as shall

enable the Department to speak with a greater degree of confidence

and authority concerning the niuch-discussed food problem of the

United States and tlu; world at laigc To this end it is proposed to

establisli a record of movenieni and supply, which will prove a

valuable clieck upon the statist ics of production and pave tliewayfor

an investigation of the consumption of wheat in cei-lain typical
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conimmiitics tliat would be of tlic liighest statistical and economic
value.

In connection with this work tlu^ live traveling inspectors already

recommended could be employed to great advantage.

CROP-REPORTING SYSTEM FOR NEW TERRITORY.

The recent acquisition of territory brings under control of the

United States islands the products of whose soils are so large and of

such vital importance that adequate provision must be made for the

establishment of an efficient system of crop reporting in all these

islands.

DIVISION" OF ACCOUNTS AND DISBURSEMENTS.

IMPROVED BUSINESS METHODS.

The regulations governing financial transactions with the Depart-

ment have been thoroughly revised during the year and made to con-

form with new and amended laws, as well as with recent rulings of

the Treasury and the Department of Justice. Thus revised, the regu-

lations have been published and supplied to persons interested.

The Accounting Officer of the Department has j)erformed an impor-

tant service during the year by aiding in the formulation of a more
satisfactory method of public advertising and settlement of accounts

in that connection, by which uniformity, accuracy, and a permanent
record of details have been secured and a great saving of money
effected. In the consideration of such questions he acted in connec-

tion with a committee of representatives from the Executive Depart-

ments, with the Chief Clerk of the Treasury as chairman. A better

form for requests for transportation for i^ersons traveling on Govern-
ment business was adopted at the same time. Another step in the

direction of improvement of business methods Avas the assignment of

a well-qualified official to the duties of law clerk.

RECEIPTS AND EXPENDITURES.

During the year there were received, audited, and paid by the

Department 15,57G accounts, including supplemental accounts for

1896 and 1897, as follows: Divisional, 4,058, amounting to $847,021.64;

Bureau of Animal Industry, 3,000, amounting to STo."}, 901. 00; AVeather

Bureau, 7,312, amounting to ^830,437.5."); and the sottlonu'ut of tiiese

accounts required the issuance of 25,593 checks.

From the appropriations for 1898 the total disbursement tiii-ough

the Department prior to July 1, 1898, was $2,245,334.08. There
remained at that date unpaid bills for that year aggregating 1170,000.

When these shall have been paid there will be a (inal balance to return

to the Treasury of nearly ^50,000.
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The total amount paid out during the year was $2,411,960.85, which

includes suppleraontary f)ayments for 180G and 1897. The accounts

for 189G were finally closed and $488,833.58 was covered into the

Treasury as an unexpended balance.

During the year $8,071.00 was received from sales of Government

jiroperty and for services, and will go into the Treasury as part of the

surplus for the year. Of this amount, $4,220.19 is made up of receipts

from the seacoast telegraph lines and 13,464.61 is from sales of con-

demned property.

A perusal of the foregoing review of the operations of the Depart-

ment during the past fiscal year justifies the statement that the

record of the year has been one of the most satisfactoiy growth and

development. There has been manifested in many ways a wide-

spread interest in the work of the Department and an appreciation of

the value of its investigations to the producers of this country. The
demand for information from the Department has been unprece-

dented, and covers the greatest variety of agricultural problems.

Day by day the fact is more and more fully acknowledged that the

services of the Department to the producer are of the first importance,

and such as can be rendered to him through no other agency.

Respectfullv submitted.
James Wilson,

Secreiary.

Washington, D. C, November 23, 1898.



SOME TYPES OF AMERICAN AGRICULTURAL COLLEGES.

By A. C. True, Ph. D.,

Director of the Office of Experiment Stations.

In papers in the Yearbooks of the Department for 1894 and 1807 the

history and general organization of the institutions for agricultural

education in the United States were outlined, and the general fea-

tures of the various agencies for the more elementary education of

the farmer were described. It is now proposed to set forth more defi-

nitely tlie chief characteristics of different kinds of institutions in

wliich agricultural instruction of college grade is provided. To do

this in any satisfactory way is by no means a simple matter. Tlie

colleges of agriculture in the several States and Territories have

been so fashioned by the conditions of their local environment that

each of them has developed individual peculiarities of form and life

to such an extent that classification of them is more or less open to

objections. It will not do at all, for example, to classify these insti-

tutions according to the names which they bear. Some which are

denominated simply agricultural colleges are really institutions of

quite complex structure, while others in whose title the term "agri-

cultural "does not appear have thoroughly organized and well-attended

courses in that branch of learning.

CLASSIFICATION OF THE AGRICULTURAL COLLEGES.

AV^ith this caution Ave will, however, proceed to do what for the

purposes of this paper seems quite essential, namely, to divide the

agricultural colleges according to the general differences in their

organization into three classes: (1) Colleges having only courses in

agriculture; (2) colleges having courses in agriculture along with

those in a variety of subjects, including, especially, mechanic arts;

and, (3) colleges (or schools or departments) of agriculture forming a

part of universities. Or, more briefly and conveniently, the institu-

tions having collegiate courses in agriculture may be designated as

(1) agricultural colleges; (2) agricultural and mechanical colleges;

and, (3) universities. The onlj'^ institution in this country wliich is

simply an agricultural college is the Massachusetts Agricultural

College.

Agricultural and mechanical colleges have been organized in Ala-

bama, Colorado, Connecticut, Delaware, Florida, Iowa, Kansas, Ken-

tucky, Maryland, Michigan, Mississippi, Montana, New llampsliire,
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New Jersey, New Mexico, North Carolina, North Dakota, Oklahoma,

Oregon, Pennsylvania, Rhode Island, South Carolina, South Dakota,

Texas, Utah, Virginia, and Washington. Separate institutions of this

class for colored students are maintained under the Morrill Act of 1890

in Alabama, Delaware, Florida, Mississippi, North Carolina, South

Carolina, and Virginia. The instruction in these institutions has,

however, \Qry wisely been confined for the most part to courses

below the college grade. A similar institution, maintained by private

funds, is the well-known Tuskegee Industrial Institute, in Alabama.
Colleges of agriculture (or equivalent schools or departments) in

nniversities are maintained with the aid of national funds in Arizona,

Arkansas, California, Georgia, Idaho, Illinois, Indiana, Louisiana,

Maine, Minnesota, INIissouri, Nebraska, Nevada, New York, Ohio,

Tennessee, Vermont, West Virginia, Wisconsin, and Wyoming. In

Massachusetts, Harvard University has a school of agriculture known
as Bussey Institution.

To bi-ing out the nuiin features of each of the three grouj^s of agri-

cultural colleges, it seems best to describe briefly a few institutions,

which may thus serve as types of the rest, and for this purpose insti-

tutions are .selected Avhich are relatively well equipped for agricul-

tural instruction.

THE MASSACHUSETTS ACiRICULTURAL COLLEGE.

The Massachusetts Agricultural College, which, as has been stated,

is the only exclusively agricultural college in the United States, is

located on a farm of about 400 acres at Amherst, Mass., in one of the

most ])('autiful localities in the picturesque valley of the Connecticut
River. It is in a region where public and private schools of all grades

are numerous and thoroughly organized. The neighboring colleges

are Amherst and Williams for men and Smith and Mount llolyoke for

women. The mechanical and other branches of industrial education,

exclusive of agriculture, are provided for in the State by the Massa-
chusetts Institute of Technology at IJoston and the Worcester Poly-

technic Institute, both strong and high-grade institutions. The
Massachusetts Agricultural College has an annual income of about
$4r),000, one-half of which is derived from the United States and the

other from the Slate. In addition to this the college receives about
$30,000 annually for the maintenance of an agricultural experiment
stiition, nearly etiually divided between national and Stale funds.

Two-thirds of the laml-grant fund of 18Gl' and of the annual appro-
priation made to Massachusetts by Congress under the Morrill Act
of 1s;K) ari! given to this college, the remaining third going to the

Mas.sachusettsS Institute of Technology. In 181)7 the college had per-

manent endowment funds aggregating ij;:j(;o,000, and its buildings,

farms, and e(|uipment were valued at about ^315,000. The college

buildings include crjinhirKMl dormitory and class-room building, chapel
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Fig. 1. -Library and Chapel Building, MAbbAcnuSETTS Agricultural College

Fig. 2. -College Barn, Massachusetts Agricultural College.
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Fig. 1. Machine Shop, Michigan State Agricultural College.

Fig. 2.— Printing Office, Kansas State Agricultural College.
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Fig. 1,-Main Building and Morrill Hall, Iowa State College of Agriculture
AND Mechanic Arts.

Fig. 2.— Engineering Building Pennsylvania State College.
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and library (PI. I, fig. 1), laboratory for chemistry and pliysics, ento-

mological laboratory wilh insoctary, l)otani<! laboratory and inusciim,

drill hall, dormitory, i)re.sident's house, .several residences for profes-

sors, farm hoii.se, boarding house, horticultural i)lant houses, and

bai-n, including creameiy and dairy laboratoiy. Two buildings for

tlie use of Ihe veterinary department are being erected. The experi-

ment station also has a chemical laboratory, botanical laboratory

with plant liouse, and barns. On the farm 150 acres are unch'r culti-

vation with a variety of field ci'ops, and the extensive college barn

(PI. I, fig. 2) is stocked with 100 head of cattle and equipped with the

most improved agricultural implements and machinery. The horti-

cultural grounds cover 100 acres, with orchards, vineyards, small fruit

and vegetable plantations, and groves of forest trees. ]Much atten-

tion is given to floriculture and landscape gardening, and the ample

plant houses are well stocked with numerous varieties of exotics.

Some 80 acres are devoted to the work of the experiment station^

including numerous plat experiments with varieties of field and horti-

cultural plants, fertilizers, methods of culture, etc.; feeding experi-

ments with animals; soil investigations, etc.- The laboratories of the

different scientific departments are well equipped with apparatus for

experimentation and demonstration and with illustrative material^

such as specimens of plants, insects, animals, and machines, particu-

larly those of importance in their relation to agriculture. The library

of 18,000 volumes has been carefully collected with reference to the

needs of an agricultural college, and is thoroughly catalogued and
managed with a view to providing the students every facility for

obtaining the information they desire to gather from books. It is-

one of the most extensive and valuable collections of books on the

science and practice of agriculture to be found in this country. The
instruction is given by a corps of 18 professors and assistants.

The chairs include chemistry, botany, agriculture, horticulture,

zoology, veterinary science, mental and political science, English

and Latin, modern languages, mathematics and civil engineering,,

and military science and tactics. There is also a lecturer on farm

law. In 1897 there were 132 students in attendance, of whom S-

were in post-graduate courses. During the thirty years of its

active life the college has given instruction to about 1,100 men, of

whom almost one-half have graduated. Of the living graduates,

some 350 are engaged in agricultural pursuits. The student is re-

quired to follow a definitely prescribed curriculum during three years,

and in the fourth and last year of the cour.se he is allowed wide lati-

tude of choice among numerous specialties, English and military

science being the only re<£uired studies. In freshman joar the fol-

lowing subjects are included in the course: Agriculture, botany,

chemistry, algebra, geometrj', bookkeeping, English, French, military

tactics, and mechanical drawing; in sophomore year, agriculture^

1 A5I8 5
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horticulture, botany, cboinistry, anatomy and physiology, trigonom-

etry, surveying, English, and mechanical drawing; in junior year,

agriculture, horticulture, chemistry, zoology, entomology, physics,

English (including rhetoric and literature); in senior year, together

with the required English and military science, at least three elective

studies must be taken, which may be selected from the following:

Agriculture, botany, chemistry, entomology, veterinary science, civil

engineering, analytical geometry, calculus, English, German, Latin,

political economy, history-, and farm law. Eleven short winter

courses are also offered, the instruction in which is elementary and

practical. The college has hitherto been open to men only, but

women may now attend special elective courses in such branches as

botany, entomology, floriculture, fruit culture, market gardening, and

dairying.

On the completion of the four years' course students receive the

degree of Bachelor of Science, "the diploma being signed by the

governor of Massachusetts, who is president of the corporation."

The college is so afiQliated with Boston University that upon gradua-

tion the students may also receive the diploma of that institution.

Post-graduate courses leading to the degree of Master of Science are

also offered.

Candidates for admission must be at least 16 years old, and are

required to pass examinations in English grammar, geography, United

States history, physiology, physical geography, arithmetic, the metric

system, algebra (throtigh quadratics), geometry (two books), and civil

government.

The students, as a rule, room in the college dormitories and are

boarded in clubs or private families. The expenses for room rent,

board, fuel, washing, and military suit for the college year are esti-

mated to range from $150 to $300. For residents of Massachusetts,

scholarships covering tuition have been established for each of the

thirteen Congressional districts of the State, together with 80 scholar-

ships divided among the State senatorial districts and awarded on

the basis of competitive examinations. Five thousand dollars are

provided by the State to pay students performing labor at the college,

and there are small endowment funds for the assist^anco of need}-

students. Small money prizes are also given for excellence in decla-

mation, oratory, agriculture, botany, and military science and tac-

tics. The undergraduates conduct a IG-page biweekly journal,

known as Aggie Life, and publish a college annual called the Index.

Tliey also maintain a natural history society, reading room associa-

tion, "Kollege Kemical Klub," and four secret societies. There are

glee and banjo (dubs, a general athletic association, and special as.so-

ciations for football, baseball, polo, and tennis. The moral and reli-

gious interests of the students are cared for by a reciuirement to

attend prayers every week day and public worship every Sunday in
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the college chapel, and by the work of a Yoiuig Men's Cliristian

Association.

The college is under tlie general management of a board of 14

trustees appointed by the governor in such a way tliat their tenns

of office expire in difTeront years, togetlier with 4 ex-officio members,

the governor (president of the board), the i^resident of the college,

tlie secretary of the State board of education, and the secretary of

the State board of agriculture. Tlie board of agriculture also acts

as a board of overseers for the college.

THE AGRICULTURAL AND MECHANICAL COLLEGES.

The agricultural and mechanical colleges have such different organi-

zations that no one institution will serve as a type of them all. In

raanj' respects their facilities for instruction in agriculture are simi-

lar to those already described as belonging to the Massachusetts Agri-

cultural College. In sj)caking of these colleges wo shall therefore

omit some of the details given for that institution, and state only the

chief distinguishing features of several of the colleges of the second

class, in whieli there arc considerable numbers of students pursuing

agricultural courses.

MICHIGAN STATE AGRICULTURAL COLLEGE.

The Michigan State Agricultural College is the oldest agricultural

college in this countiy, having been established b}' an act of the State

legislature passed February 12, 1855, and opened for students Islay 13,

1857. For more than thirty years it was like the Massachusetts col-

lege in having onl}^ an agricultural course, but after the passage by
Congress of the Morrill Act of 1890, which gave the college a mate-
rially increased income, a mechanical course was added, and later a
woman's course. The laws of the State under which tlie college is

organized prescribe that it shall be a "higli seminary of learning in

which the graduate of the common school can commence, pursue, and
finish a course of studj- terminating in thorough theoretic and prac-

tical instruction in those sciences and arts which bear directly ux)on

agriculture and kindred industrial pursuits." Students are admitted
at 15 j'ears of age, and are examined in reading, spelling, penman-
ship, grammar, geography, arithmetic, and history of the United
States. They may also be admitted on a certificate from approved
graded schools or on a teacher's certificate. There are preparatory
classes for students unable to meet these requirements. The regular

college courses cover four years, and lead to the degree of Badielor
of Science. The course in agriculture is arranged as follows: Fresh-

man year, algebra, English, military drill, botany, agriculture, black-

smithing, carpenter work, drawing, physics, chemistry, geometry;
sopliomore year, chcmistiy, anatomy, military science and drill, Eng-
lish, geometry, ph3^sics, agriculture, physiology, botany, Aclorinary
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science, entomology, horticulture, trigonometry, and surveying;

junior year, military drill, English history, agriculture, horticulture,

fungous diseases of plants, rhetoric, agricultural chemistrj^ English

literature, civics, forestrj^ botany, together Avith special elective

courses in agriculture or horticulture; senior year, bacteriology,

constitutional history, economic zoology, meteorology, physics, vet-

erinary science, engineering, English literature, geologj^ psychology,

entomolog}-, logic, political economy, together with special electives

in agriculture or horticulture, and in some other branches, including

French and German; There arc also short winter courses of six

weeks in dairy husbandry, live-stock husbandry, fruit culture and
floriculture, and winter vegetable gardening. A farm home reading

circle is conducted by the college. Provision is made for post-

graduate studies leading to the degrees of Master of Science,

Mechanical Engineer, and Master of Agriculture. The Michigan
college has well-equipped laboratories in botany, physics, chemistry,

agriculture, horticulture, and zoology, which are very largely used

in connection with the course in agriculture. There are in addition

laboratories and shops for the courses in civil engineering and
mechanic arts. (See PL IT, fig. 1.) The library contains over 20,000

volumes.

The college land, comprising 67G acres, is divided into the farm of

230 acres, devoted to field crops grown under a system of rotation, 45

acres of woodland pasture, 114 acres of very attractive lawns, gar-

dens, and orchards, 240 acres of forest, and 47 acres of experimental

fields and plats. The farm is equipped with cattle, sheep, and swine

of the principal breeds. There is an arboretum of 150 species of

trees, a botanic garden containing some 1,200 species of native and
foreign hardy herbaceous plants with some shrubs, a grass garden

of 200 species of grasses and clovers, and a weed garden of 100 or

more species of the most troublesome weeds. The students in agri-

culture are required to work two and one-half hours a day on the

farm or garden.

The students for the most i)art room in dormitories and board in

clubs. The average annual expenses of students for board, room rent,

heat, light, books, laboratory, and otlier fees are estimated at about

1125. Those expenses arc oftentimes reduced b}' receipts from labor

performed on the farm or elsewhere about the college.

The college is under the management of the Stale board of agricul-

ture of which the governor and the i)resident of the college are nuMu-

bers ex officio. There are somewhat over 30 professors and assistants

in the faculty. In addition to the chaii-s provided b}' the Massachu-

setts college, there are in the Mieliigan college prof(»ssorsof mechanical

engineering and domestic economj^ and household science. In 1897

the Michigan college reported 211 students in agricultural courses

out of a total attendance of 425.
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MISSISSIPPI AGRICULTURAL AND MECHANICAL COLLEGE.

The Mississippi AgiiouKural and Mechanical College is similar to

the Michigan Agi-icultural College in i)rovicling sei)arate courses in

agriculture and mechanic arts, in having the same general require-

ments for the admission of students, and in offering preparatory

courses. It differs from the ^lichigan college in not admitting women
or persons of the negro race. The State, however, has made provision

for colored students in the Alcorn Agricultural and Mechanical Col-

lege. The courses in agriculture give especial attention to the crops

and methods of farming peculiar to the Southern States. As is com-

mon in the South, the college has a more strictly military organization

and discipline than pertain to institutions of this class in the North
and West. The expenses of the students average about the same as

at the Michigan college. Student labor in the field or garden is paid

for at the rate of 8 cents per hour, and in this way students may
reduce their expenses to $100 per annum. The college is under the

general management of a board of 9 trustees, and the governor of

the State is a member ex officio. The faculty comprises 22 members.

In 1897, 31G students out of a total of 3G8 were reported as pursuing

courses in agriculture.

KANSAS STATE AGRICULTURAL COLLEGE.

The Kansas State Agricultural College was first established in 1863,

and has been maintained in its present location at Manhattan, Kans.,

since 1875. The State has generously supplemented the United States

grants by the erection of substantial buildings, including a main
building, chemical laboratory, mechanics hall, horticultural hall,

armory and entomological hall, library and agricultural science hall,

domestic science hall, horticultural laboratory with six propagating

houses, farm and horticultural barns, and other buildings, valued at

over $350,000. The college farm comprises over 300 acres, and is well

equipped with live stock. The faculty includes 45 professors and
assistants, and over 800 students were in attendance last j'ear. Stu-

dents of both sexes are admitted at 1-t years of age after passing

an examination in reading, spelling, writing, arithmetic, geography,

English grammar, and United States history. Candidates are also

admitted without examination on presenting satisfactory diplomas

or certificates from county or city superintendents. Preparatory

classes are provided "for those over 18 j'cars of age who have not

been able to make their preparation in the common schools." Four-

year courses are offered as follows: Agricultural, engineering, general

and household economics. "Closely adjusted to the course of study

is industrial training in several of the arts, to which each student is

required to devote at least one hour a daythrougliout almost his entire

course. Among the lines of training each student may select, with

the approval of the faculty, except in terms when special industrials
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are required. Young men may have farming, gardening, fruit grow-

ing, ^vood^york, iron^vork, orprinting. Young women may take cooking,

sewing, printing, floriculture, or music. The training in these depart-

ments is designed to be systematic and complete in each, so that a

student folUiwing a single line diligently through the four years'

course gains the essentials of a trade and a reasonable degree of skill.

Those who wish only a general training in the arts can take shorter

courses in several of them."

There is also a dairy course of twelve weeks, and apprentice courses

in blacksmithing, foundry and machine-shop practice, printing (see

PI. II, fig. 2), and sewing, which run from forty to eighty weeks.

Opportunities are offered for graduate study, and original investiga-

tions in a number of agricultui-al lines are carried on at the experi-

ment station connected with the college. Tuition is free, and the

annual expenses of students range from $100 to $200. Considerable

work is furnished to students at 10 cents per hour. Besides a weekly

paper edited hy the students, the college publishes a journal culled

the Industrialist, which is edited by the faculty. Both these publi-

cations are printed at the college.

IOWA STATE COLLEGE OF AGRICULTURE AND MECHANIC ARTS.

The Iowa State College of Agriculture and Mechanic Arts was

established under an act of the State legislature passed in 1858, but

was not opened to students until March 17, 1869. The college has in

recent years enjoyed a large measure of prosperity and has been

broadened and made stronger in a number of ways. It has fifteen

college buildings erected by the State at a cost of about $500,000,

including a main dormitory and class-room building (with botanical

laboratory), two smaller dormitories, Margaret Hall for women (includ-

ing a dining room for all tlie students), chemical and physical hall,

veterinary hospital, sanitary hall, engineering hall, wood shops, power

house (witlj facilities for mechanical and electrical engineering),

music liall, administration building, Morrill Hall (containing chapel,

library, museum, lecture rooms, and laboratories of natural history

and geology, PI. Ill, fig. 1), agricultural hall, and greenhouse. There

are also ten dwelling houses for professors and other employees, a

creamery, barns, stables, seed houses, etc. The college lands com-

prise about 900 acres, of which 120 acres are set apart for college

grounds, and with their gardens, trees, and shrubs constitute a largo

and beautiful jiark. "The farm consists of rolling prairies, bottom,

and woodland, and is stocked with good representatives of five breeds

of liorses, six breeds of cattle, seven breeds of sheep, and six breeds

of hogs. These animals are u.sed in class illustrations an«l for the

various experiments in breeding and feeding for milk, meat, wool,

growtli, and maintenance, conducted by the experiment station as a

department of the college. All the crops of the farm are grown for
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some educational purpose ; all ilio aninijils ar(i fed by ride and system

and the results of their maiiagcMiieiit reported upon and used in class

work. (See PI. IV, fi"^. 1.) Lubor is not coni[)ulsory, but students in

the agricultural courses are given woi-k that is educational and
parallel with their studies. Home students pay for their board by
work in the mornings and evenings." Especi.al emphasis is at jjresent

laid on instruction in dairying. (PI. IV, fig. 2.) There is a practical

working creamery and cheese factory in operation throughout the

year. "During the summer season from 15,000 to 25,000 pounds of

milk are taken in daily and manufactured into butter and cheese;

during the winter somewhat less." Experiments in dairying are

always in progress and different kinds of improved machinery are

tested in practical oi)erations. In 1897 the number of ijrofessors and
assistants in the faculty was reported as 55, and the number of

students (men and women) as 573. Eight courses of study leading to

a bachelor's degree are offered, as follows : Agriculture, veterinary

science, mechanical engineering, civil engineering, electrical engineer-

ing, mining engineering, science, woman's course. These cover four

years, except the course in veterinary science, wliich is of three years'

duration. There is also a two-year coui-se in agriculture, a one-year

course in dairying, and summer and winter schools in dairying. The
subjects taught in the four years' agricultural course correspond in a

general way with those in similar courses in Michigan and Massachu-
setts. During freshman and sophomore years the student pursues a
prescribed curriculum, but during junior and senior years he is

offered a considerable number of electives. In senior year the sub-

jects of instruction are so grouped that the student may give much
attention to general agriculture or he may specialize in animal hus-

bandry, dairying, or horticulture.

Students are admitted to the college courses at IG j-ears of age, after

passing an examination in spelling, English grammar, geography,

arithmetic. United States liistory, physiology, and (except in veteri-

nary and agricultural courses) algebra through simple equations.

The requirements for admission will be somewhat increased after tlie

present year. Students are al.so admitted on certificate from a select

number of high schools and academies. Preparatory classes are con-

ducted during the last half of each college year.

The Iowa college represents those institutions whose development
has been along broad lines and in which the agricultural course, main-

tained side by side witli a number of courses in the arts and sciences,

is being more thoroughly organized and specialized in accordance Avith

the general advance movement in education along industrial lines.

PENNSYLVANIA STATE COLLEGE.

The Pennsylvania State College was begun as a "Farmers' High
School" m 185'.), bcjcame "The Agricultural College of Pennsylvania"
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in 1862, and witli the broadening of its scope has been known by its

present name since 1874. It now offers thirteen four-year courses,

grouped as follows: (1) Classical course; (2) general courses, includ-

ing general science, Latin-scientific, philosophy; (3) technical

courses, including agriculture, biology, eheinistr}^ civil engineering,

electrical engineering, mathematics, mechanical engineering, mining

engineering, and physics. The classical course leads to the degree of

Bachelor of Arts, the other courses to the degree of Bachelor of

Science. The requirements for admission to scientific and industrial

courses differ from those of the Latin-acientific and classical courses,

and include arithmetic (with the metric system), English classics.

United States history, algebra (through quadratics and progression),

plane geometry (five books), and physics (elements). It will bo seen

that these reqiiirements are higher than those of the institutions

thus far mentioned. In fact, the Pennsylvania college is being

developed into a high-grade technical, scientific, and classical college.

It is well equipped with buildings, laboratories, workshoi)s, appa-

ratus, farm and live stock, and other facilities for its work. (See PI.

Ill, fig. 2.) Its faculty numbers 50 professors and assistants, and the

number of students, increasing with the strengthening of its courses

of instruction and its equipment, has reached 350. Both sexes are

admitted. While devoting its main attention to tlie work of the

regular college classes, the Pennsylvania college reaches down and up
in its efforts to meet the special needs of students desiring to avail

themselves of its facilities for education. For those who are so situ-

ated that the}' can not gain the necessary qualification for admission

in the public schools of the State, the college provides preparatory

classes. In agriculture, besides the thorough four years' course,

there is a special course of one year and short winter courses in agri-

culture, creamerj' work, cheese making, and private dairying. Much
attention has been given to the organization of correspondence courses

in agricultural subjects, and five distinct courses of this character are

now offered, as follows: Crop production, live-stock production, hor-

ticulture, dairying, and domestic economy. Provision is made for

advanced courses leading to the degrees of Civil P^ngineer, Mechanical

Engineer, Engineer of Mines, IClectrical Engineer, and Master of

Science. Original investigations in agriculture are being systemat-

ically pursued by the agricultural experiment station, whicli here, as

in the other institutions of this class, is organized as a department of

the college.

ALAIiAMA POLYTECHNIC INSTITUTK.

An iiislit iitiou organized in much the same way as the Pennsylva-

nia Slate College is the State Agricultural and Mechanical College of

Alabama, or, as it has more recently been denominated, the Alabama
Polytechnic Institute. This institution offers four-year courses in
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chemistry (PI. V, fig'. 1) and atjriciilturo, civil engineering, electrical

and mechanical engineering, and pharmacy, together with a "general

course," the scope of which would be more definitely indicated by the

term Latin-scientific. The requirements for admission for men are

not so high as in Penns3'lvania, including onl\' goograph}', Knglish,

arithmetic, algebra to quadratics, and United States history. While
men are admitted at 15 years of age, women are excluded until they

are 17 years old, and are required to pass examinations in English

grammar and rhetoric, United States and general history, arithmetic,

algebra, geometry, trigonometry, and Latin. There are preparatory

classes and two-year courses in agriculture and mechanic arts. Post-

graduate courses lead to the degrees of Master of Science, ^Mining

Engineer, Civil Engineer, Electrical and Mechanical Engineer, and
Pharmaceutical Chemist. In 1897 the faculty of this institution num-
bered 31 professors and assistants, and the number of students was
361, of whom 112 were in agricultural courses.

COMMON FEATURES OF AGRICULTURAL AND MECHANICAL COLLEGES.

The general conditions of student life in the agricultural and
mechanical colleges are much alike. For general culture and recrea-

tion there are literary societies, student periodicals or annuals, music
clubs, and athletic organizations. The moral and religious life is

promoted through services on week days and Sundays in the college

chapel and through the work of voluntary organizations, especially

the Young Men's Christian Association. In many ways the students

keep in close touch with the common life of the communities in which
the colleges are located. The general atmosphere of these institutions

tends to keep the students in sympathy with Avhatever promotes the

advancement of American arts and industries. Agriculture has an
honorable place in these colleges, and the strengthening of the agricul-

tural courses tends to bring into them a more earnest and successful

class of students. Through their experiment stations, short courses,

home reading circles, and lectures at farmers' meetings these institu-

tions are also doing much to diffuse useful information among the

farmers. In their organization it will be seen that they vary consider-

ably, ranging from institutions in which agriculture and one or two

branches of the mechanic arts receive almost exclusive attention to

those which approximate the State universities in the variety of sub-

jects in which courses are ofTered. In general, it may be said that the

present tendency is to make these colleges schools of technology (or

polytechnic institutes) in which Ihoie shall be a groat variety of tech-

nical and scientific subjects taught iu direct relation to their applica-

tion to many arts and industries and with special reference to the bet-

terment of our industrial organization and life. This is in accordance

with the general trend of educational movements in our day, which, in
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liarmony with tlic expansion in variety and the concentration in effort

of our industrial and social life, arc seeking to adapt courses of instruc-

tion to the varied needs of the moclern man and at the same time to

secure economy in equipment and teaching force bj'^ combining related

courses of instruction in single institutions.

STATE UNIVERSITIES HAVING COURSES IN AGRICULTURE.

Another phase of this movement is presented by the third class of

institutions in vrhich college courses in agriculture are maintained,

and tlie remainder of this paper will be devoted to a brief consideration

of the State universities having agricultural schools or departments.

CORNELL UNIVERSITY.

In this class of institutions Cornell University, in the State of New
York, is preeminent as regards the resources at its command for educa-

tion and research. This institution was incorporated by the State

legislature April 27, 1865, and opened to students October 7, 1868.

"The existence of the university is due to the combined wisdom and

bounty of the United States, the State of New York, and Ezra Cor-

nell." The oft-quoted words of the founder of this great university

have done much to inspire the establishment of similar institutions in

many of our States: "I would found an institution where any per-

son can find instruction in any study." In 1897 Cornell University

reported that its endowment funds, buildings, and equipment wei'e

valued at more than $9,500,000, of Avhich $688,572 belonged to the

land-gra,nt funds of 1862, and that its income for that year was
$576,154.82, of which $70,087.24 was derived from the United States.

There were 220 professors and assistants in the faculty, and the num-
ber of students was 1,868, of whom 127 were pursuing courses in

agriculture. The university is divided into graduate Jind academic
departments, and colleges of law, civil engineering, mechanical engi-

neering, and mechanic arts, architecture, agriculture, veterinary medi-

cine, and forestr3^ All of these are amply equipped with buildings,

laboratories, apparatus, and museum collections, and the students

enjoy the privileges of the university library of 200,000 volumes.

Tlie college of agriculture comprises the departments of general

agriculture, animal industry and dairy husbandry, horticulture and
pomology, agricultural chemistry, general and economic entomology,

the agricultural experiment station, and university extension work in

agriculture. One hundred and twenty-five acres of arable land are

u.sed as the college farm, which is well stoclced with dairy cows, sheep,

horses, pigs, and i^oultry. Tlie dairy building (1*1. V, fig. 2), erected

in 1893, is fully equipped with modern machinery and appliances for

butter and cheese making. Ten acres arc devoted to tlie gardens,

orchards, and nurseries of the liorticultural department, which also
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has eight forcing houses^ covering about 0,000 square feet of ground,

and a museum containing a large garden herbarium and an extensive

collection of pliotograi)]is.

Candidates for admission must be at least IG years old, and pass

examinations in English, geograph}', physiology and liygiene, history

of the United States and England, Greece or Rome, plain geomotrj%

elementary algel)ra, and at least two of the following subjects: Greek,

Latin, French, German, and advanced mathematics. The four years'

course in agriculture "is designed to afford an education as broad
and liberal as that given by other departments of the universitj', and
leads to the degree of Bachelor of Science in Agriculture." A large

number of electives are open to the students in agriculture, especiall}'

during junior and senior j-ears. Besides those of the college of agri-

culture, the following departments give instruction to students in this

course: Botau}-, free-hand drawing, physics, i)olitical economy, physi-

ology, vertebrate zoology, liygiene, mathematics, French, German,
militai'y drill and gymnasium, geologj'^, A'eterinarj^ science, civil engi-

neering, and mechanical engineering. There are special courses and
winter courses in agriculture and dairy husbandry for those who can
not take the four years' course. The college of agriculture is also

actively engaged in introducing nature studies into the public schools

of the State, as described in the Yearbook for 1897 (p. 28G). The
university affords many opportunities for graduate study in agricul-

ture, horticulture, and allied sciences. Tuition is free to students
pursuing agricultural conrses. The yearly expenses of students are

estimated to be from 1300 to $500.

OHIO STATE UNIVERSITY.

West of the Alleghenies the idea that the State is the proper agency
for the maintenance of broad institutions for higher education, whicli

shall thus be the crown of the public-school system, has taken a strong

hold xipon the public mind during recent years. There has, therefore,

been a rapid increase in the number of students attending the State

universities, and the equipment of these institutions has been greatly

enlarged. A rei)resentative university of this kind in the cjistern

l)art of this region is the Ohio State University at Columbus, Ohio,

Avhich in 1897 reported a total attendance of 1,019 students; 78 pro-

fessors and assistants in its faculties; endowment funds, buildings

and equipment aggregating nearly $3,000,000 in value, and an income
of S3-19,000.

The university is briefly described in its publications as "simijly

the thirteenth, fourteenth, fifteenth, and sixteenth grades of the State

system of public, free education. It is related to the higli schoohs

just as they are related to the grades, and it ouglit to bo quite as

natural for a pupil to look foi-ward from the high scliool to the

universitj'' as from the eighth grade to the high school." Its aim is
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"to give to the young iiioii and young women of Ohio the largest pos-

sible opportunity for both general and special training, to prepare

them for life, and to touch in a i)raetical and helpful way every

interest of this State." The university is divided into six colleges,

agriculture and domestic science; arts, philosophj% and science; engi-

neering; law; pharmacy, and veterinar}'' medicine.

In the college of agriculture and domestic science four-year courses

are offered in agriculture, horticulture and forestry, and domestic

science; two-j'car courses in agriculture and domestic science, and a

short course in dairying. There are also opportunities for graduate

stud}'. Candidates for admission to the four-year courses must be 16

years old and pass examination in arithmetic, elementary algebra,

English grammar and rhetoric, plane geometry, geography, United

States history, physics, botany, and either civil government or gen-

eral history. Graduates of accredited high schools are, however,

admitted without examination. Tuition is free. The average annual

expenses are estimated to be $250. "Students room and board where

they please."

The university has a well-stocked farm of 200 acres and is otherwise

well equipped for agricultural instruction. The State has recently

added several fine buildings to the equipment of the university.

Among these is Townshend Hall, erected at a cost of about $100,000,

for the use of the department of agriculture. A brief description of

this building may serve to show something of the latest stage of

the development of facilities for agricultural instruction in a State

nniversity.

Townshend Hall (PI. VI, fig. 1) is built of cut stone and gray

pressed brick, with terra cotta trimmings, tile roof, interior brick walls,

expressed beams, maple floors, and hard-pine finish. In the dairy

department, which has about 6,000 square feet of floor space, the floors

are of tile and the walls wainscoted with enameled brick. The build-

ing is 260 feet long and varies in width from 64 to 78 feet. It has

two stories and a basement.

"On the left of the entrance, which is 28 feet wide, is the oflice of

the department of agriculture and a private oflice, a stenographer's

room, and fireproof vault. Connected with the oflice on the south is

an assistant's room, opening into n laboratory for advanced students.

At the extreme soutli end of this floor is a large laborator}- for student

work in soils and farm crops. Connected with this laboratory is a

balance room, a storeroom, and an instructor's laboratory. On the

west side of the main corridor and connected witli the instructor's

room, is a large class room opening into a jireparation room with a

dark room. This class room is fitted with all appliances for showing

lantern slides of live stock, buildings, machinery, etc. On the same

side of the corridor and on the right of tlio stairway leading to the

basement and second floor are the class room and instructor's room
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for dairying. On tlie right of tlio main entrance is the department

reading room. Tlie nortli end of this flooi- is occupied by the museum
(whicli is 54 by 67 feet), with an attendant's room. The north end of

the high basement is occupied by the dairy department. This con-

sists of receiving room, pasteurizing room, storeroom, refrigerator

room, lavatory, butter-making room, clieese-making room, two cheese-

curing rooms, and instructor's room.

"In the south end of this floor is a live-stock room about 40 feet

square. One-third of this room is occupied by raised seats, the

remaining floor space being used for exhibiting and judging live stock.

Connected with this is a room fitted with stalls for the temporary

accommodation of live stock when needed for class exercises. The
basement also contains soil-storage room, bath room, toilet rooms,

repair shop, locker rooms, bicycle room, and janitor's room. A small

detached building will furnish steam and power for the dairy depart-

ment. Detached from the main building, but connected with the

soil-storage room by a tramway, is a glass house 30 by 40 feet for the

study of soils and the experimental growth of plants.

"The north end of the second story contains a large student

laboratory for the department of agricultural cheraistrj^ connected

with an organic analysis laboratory, a balance room, a storeroom,

and a private laboratory. The lecture room of this department, with

a preparation room adjoining, is at the south end of this floor and
will seat 160 students on raised seats.

" There is also on this floor a class room connected with preparation

room, storeroom, and instructor's room which will be used temporarily

by the department of veterinary medicine. There is also an extra

class room, ladies' toilet and locker rooms, and a hall for the use of

the Townshend Society, designed to seat about 200 persons."

UNIVERSITY OF WISCONSIN.

The University of Wisconsin is "picturesquely situated at Madi-
son," the Stat« capital, on the shore of Lake Mendota, and is sup-

ported "partly by the income of Federal grants, partly by taxation

of the people of the State, and partly by private gifts." It has received

the benefit of no less than five Federal grants and six permanent
grants from the State in addition to appropriations for buildings and
other specific purposes. In 1897 the total value of its endowment
funds, buildings, and equipment was reported to be ^2,057,000, the

faculties included 1.'30 professors and assistants, and the number of

students was 1,767. The univ^ersity is divided into four colleges, let-

ters and science, mechanics and engineering, agriculture, and law,

and two schools, pharmacy and music. The college of agriculture

embraces (1) the experiment station; (2) the graduate course; (3)

the long (four-year) agricultural course; (4) the short agricultural

course; (5) the dairy course; and, (6) the farmers' institutes. In this
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institution the division of the subject of agriculture into special sub-

jects with different teachers has been pushed to a considerable extent.

There are professors of agriculture, animal husbandry, and dairy

husbandry, and instructors in clieese making, milk testing, butter

working, separating of milk, pasteurizing, farm dairying, greenhouse

practice, and stock judging. There are also separate chairs of agri-

cultural physics and bacteriology. Especial attention has been given

to providing facilities for research and instruction in agricultural

physics and dairying.

The horticulture-physics building (PI. VI, fig. 2), completed in 1806,

is three stories in height and has a frontage of 78 feet by 60 feet in depth.

"At the rear are glass houses covering a space of 88 by 75 feet. The
right wing of the building, with its greenhouses, is devoted to plant

life and horticulture. The left wing, w'ith its large glass house, is

devoted to instruction and investigation in the phj'sics and mechanics

of the farm." The course in agricultural phj'sics includes meteor-

ology, drainage, irrigation (PI. VII, fig. 1), road building, construction

of farm buildings, soil physics, and original investigations in the

physical laboratory and field,

Hiram Smith Hall, a building with a frontage of 95 feet by 48 feet

in depth and three stories in height is devoted entirely to dairying.

"It contains an office, lecture room, reading room, dairy laboratory,

and rooms devoted to creamery practice, cheese making, ticvm dairy-

ing, pasteurizing, clieese curing, etc." The student here has an

opportunity to observe and take part in all the operations of farm

and commercial dairying conducted with the most approved machinery
and by the methods which have been found most successful in recent

years. The course in dairying includes (1) lectures and class-room

work under eight different professors and specialists, embracing the

chemistrj" and bacteriologj'' of milk and its products, breeding, selec-

tion, feeding, and management of dairj'- stock, heating, ventilation,

and other physical problems connected with dairy practice, care and
management of the boiler and engine, creamery management, and
accounts; (2) milk testing or the estimation of the fat in milk, butter,

and cheese by methods adapted to the factory and factory operatives;

(3) butter making on the creamery plan, including the use of power cen-

trifugal separators, the ripening of the cream, churning and packing

butler, and, in general, practical work in all the operations of a mod-
ern creamery; (4) cheese making, including instruction in all the regu-

lar factory operations involved in the manufacture of Cheddar cheese.

There arc also opportunities for advanced studies in the clicmistry

and bacteriology of dairying and exi)ei"imental investigations in

butter and cheese making.
In Wisconsin the farmers' institutes are organized and conducted

as a part of the university courses in agriculture. Tliey are under
the immediate charge of a superintendent who is an officer of the
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college of agriculture. Members of the agricultural faculty assist in

the institutes as far as tlicir other duties will permit. Experts in dif-

ferent branches of agricultural science and i)ractice from "Wisconsin

and other States are employed to give instruction on special topics.

Above sixty institutes are held annually, and a selected portion of

the material presented at the institutes is published each year in

bulletin form in an edition of G0,000 copies, 8,000 of which are placed

in the school district libraries of the State.

UNIVERSITY OF CALIFORNIA.

On the Pacific coast the University of California has played an

important part in the agricultural development of that great region.

This work has been very largely accomplished through the extensive

and varied researches of the agricultural experiment station, which

for more than a score of years has pursued its labors as a department

of the universit}'. In recent years it has become in a large way the

policy of the State to concentrate the management of its agencies for

the improvement of agriculture, horticulture, and forestry in the

State university. Naturally in a State whose agriculture is so young

and so flourishing comparatively few students have been found to

pursue regular college courses in agriculture. The university has,

however, provided ample facilities and thorough instruction for such

students as have been qualified to undertake college work in this

department. The requirements for admission to the four years'

course in agriculture are English, algebra, geometry, civil govern-

ment, ph3^sics, Latin or French or German, and two of the following

subjects: Advanced mathematics, chemistrj^, botany, and zoology.

"In the college of agriculture (PI. YII, fig. 2) about two-thirds of the

course is prescribed in preliminaiy, liberal, and technical studies.

The remainder is distributed among free electives and elect ives con-

sisting of agriculture and cognate studies." The university comprises

the following departments of instruction: (1) At Berkeley, colleges

of letters, social sciences, natural sciences, agriculture, mechanics,

mining, civil engineering, and chemistry; (2) at Mount Hamilton, the

Lick Observatory; (3) at San Francisco, the institute of art, college

of law, two medical departments, colleges of dentistry and of phar-

macy, and veterinary department. In 1897 the colleges at Berkeley

reported faculties numbering 149 professors and assistants, and stu-

dents numbering 1,498 men and women. The i^ermanent endow-

ments, buildings, and equipment were valued at 14,879,857 and the

annual income was 1326,212.

GENERAL STATUS OF AGRICULTURE IN STATE UNIVERSITIES.

In the universities in which courses in agriculture are maintained,

it may be said in general that the tendency is to make the regular

college courses in agriculture correspond in scope and tlioroughness

with those given in the other departments, lo divide the insti-uction
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in agriculture among an increasing number of specialists, and to pro-

vide buildings, apparatus, and illustrative material on a scale com-

mensurate with those in other branches. At the same time there is

increased eiTort to bring the university into close touch with the masses

of farmers through special schools, farmers' institutes, nature teach-

ing, and other forms of university extension work. Along with this

is the deepening and strengthening of the scientific and practical

researches carried on with a view to widening our knowledge of the

facts, laws, and processes required for the improvement of agriculture.

In a word, each year the universities are seeing moi'e clearly that

agriculture is an important human interest, rightfully claiming the

best efforts of the most thoroughly trained minds for its advancement,

and that on the basis of agriculture ma}' be built a system of instruc-

tion in language, literature, mathematics, science, and technology

which shall be well adapted to produce scholars, investigators, and

leaders in industrial progress.

SOME FEATURES OF STUDENT LIFE IN STATE UNIVEUSITIES.

The limits of this paper forbid more than a brief reference to the

more genenil features of student life in the State universities. These

do not differ materially, however, from what are found throughout

the length and breadth of our land wherever college students are

congregated. There is the same enthusiastic, and, in some respects,

extravagant, devotion to athletics; there are the musical, literary, and
social societies with more or less of clannishness and secrecy; there

are the college papers and annuals in which some serious journalistic

work is done, and in which humor and wit are more frequently

attempted than realized. As these institutions are under the patron-

age of the State, there is less formal attention to the externals of

religion, but in all of them there are stated religious observances

and flourishing voluntary religious organizations. More and more

the students are made subject to the moral and religious influences

which pervade our best American communities, and in their college

life are judged by the same moral slandaids as are men and women
ihrougliout the country.

In general, it may be said thai the ;50,000 young nu'U and women
pursuing courses of instruction in the land-grant institutions of the

United States are, as a rule, leading earnest and serious lives, doing

much severe mental work, enjoj'ing the sports and social recreations

of college life to the full, and preparing for careers of usefuhiess and
leadership in the multitudinous occupations of our complex civiliza-

tion. Our agriculture is every year feeling more fully the influence

of tlio trained mind, and it is not eas}' to measure the benefits which

may come to this branch of human activity when instruction and

research shall have reached their full development in the institutions

which have so rapidly been put in working order during the past

quarter of a centiirv.
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Fig. 1 —Class scoring Pigs, Iowa State College of Agriculture and Mechanic
Arts.

Fig. 2. Dairy Bacteriology Room, Iowa State College of Agriculture and
Mechanic Arts.
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Fig. 1.—Chemical Laboratory, Alabama Polytechnic Institute.

Fig. 2. -Dairy Building, Cornell University, New York.
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FlQ. I.-TOWNSHEND HaLL, OhiO STATE UNIVERSITY.

Fig. 2.- Horticultural-Physics Building. University of Wisconsin.
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Fig. 1.-A Lesson in Irrigation in Horticultural-Physics Building. University

OF Wisconsin.
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Fig. 2. Agricultural Hall. University of California.





NEW WORK IN THE WEATHER BUREAU.

By Willis L. Moore,

Chief of Weather Burcati.

During the past year tlie work of the Weather Bureau of the

Department of Agriculture has been considerably expanded. The
most important new lines of work have been as follows:

(1) Additional stations of observation in tlie arid and subarid West
and in the principal cotton-producing regions of the South.

(2) The establishing of seventeen aerial meteorological stations.

(3) The inauguration of a tentative West Indian daily cablegraphie

meteorological service.

THE ADDITIONAL STATIONS IN THE WEST AND SOUTH.

For several years it has been apparent that there was a lack of

meteorological stations in the Rocky Mountain region ; that the places

of observation were so widely scattered as to render it possible to

secure only an imperfect survey of the distribution of temperature

and pressure, which conditions are so essential to the making of
accurate forecasts, not only for that region, but for the extensive

area lying farther east. Therefore, under an appropriation specific-

ally made on the recommendation of the Secretary of Agriculture,

stations have been established at Kalispell, Mont.; Boise, Idaho;

Mount Tamalpais, Cal. ; Flagstaff, Ariz., and Cedar City, Utah. Addi-
tional stations have? also been established at Fort "Worth, Tex, ; Merid-

ian, Miss. ; Macon, Ga. ; Lexington, KJ^ ; Elkins, W. Va. ; Evansville,

Ind., and Eseanaba, Mich., and a climate and crop service is being-

established in the Territory of Alaska, with headquarters at Sitka.

It is known that the cold waves which cause frost in the fruit dis-

tricts of California are due to high-pressure areas drifting southward
from the Canadian Northwest Territories along the Rocky Mountain
plateau, and that when these large masses of dry, clear air become
central over Utah or Nevada, notwithstanding the fact that the whole
eddy-like system is slowly moving soulheastwurd, thoy push out from
their centers a low layer of frosty air, which flows westward over the

Sierra Nevada range into the interior basin of California. The exten-

sive fruit industry of California will materially profit by the establish-

ment of the first few of the additional stations above named, as these

will enable tlie Bureau more accurately to measure the development
and drift of the air conditions which at times become so destructive

in California. Already the frost and rain warnings of the Bureau
have, in the judgment of the raisin and other fruit growers themselves^

been worth millions of dollars annually.

1 a98 G 81
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The stations voecntly established will not only assist in the develop-

ment of the agricultural and industrial interests of the States in which

they are respectively located, but they will be of material benefit in

improving the weather warnings and forecasts for the regions lying

both east and west of the Rocky Mountain jjlateau.

The section director of the climate and crop service of Wyoming, in

cooperation with a special agent of the Office of Experiment Stations

of the Department of Agriculture, has been dii-ected to make a careful

stud}- of the precipitation at voluntary stations in mountain regions,

with a view to determining the amount of snowfall at high levels.

He has been directed to secure as many additional voluntary observers

as possible, and, wherever the reports are especially desirable, to

arrange for paid observers. It is desired to know if a uniform ratio

exists between j)recipitation at moderate levels and precipitation on

high mountain ranges. It is true that the amount of snowfall deter-

mines in a great measure the volume of water available for the pur-

pose of irrigation during the crop-growing season. If the ratio between

mountain snowfall and the precipitation at loAver levels be always the

same, it will, of course, be iDOSsible to determine the amount of snow

by the precipitation measured at our many stations on low levels; but

if the ratio be not constant, it is apparent that accurate measurements

of iirecijiitation should be made along the elevated zone that supjilies

the streams in summer. From this and similar investigations, it may
be possible to make a fairly accurate estimate of the volume of water

to be expected during each growing season. The subject is one that

requi i-es careful investigation, so that faulty conclusions be not reached.

Recently a tentative station was established on top of Mount Tamal-

pais, California. This peak rises abruptly to a height of 2, GOO feet

above sea level, at the entrance of San Francisco harbor. Observations

at this level are, in most cases, above the fog common to this vicinity

during a considerable portion of each year. They show some sur-

prising results. Out of the fifteen eases in which rain fell in the

interior valley of California, fourteen were preceded twelve to twenty-

four hours by strong w-esterly gales at the mountain station, and as a

rule marked changes of temj)erature east of the coastal and Sierra

Nevada ranges were preceded many hours by changes at the toi) of

the mountain; hence, it is deemed advisable to establish a perma-

nent meteorological station on Mount Tamalpais. An observatoiy is

now being erected which will be continuously occupied by trained

observers. It is hoped that, as a result of these observations, the

Bureau will bo able to materially improve the character of its service

in the region contiguous to San Francisco.

THE NEW AERIAL STATIONS.

About three years ago the development of the kite along mecliaui-

cal linos was undertaken by the Weatlier lUireau. An artisan and a

skilled mechanical engineer wore assigned to this important duty.
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Tbey were also charged witli the construction of an automatic mete-

orological instrument which would i-egistcr i)ressure, temperature,

wind velocity, and humidity, and j'et not be too heavy to be carried

by kites. They have succeeded fairly well in these undertakings, and
to-day the Bureau constructs kites which, with favorable wind move-

ment, will fly to a height of from 1 to 2 miles. The automatic mete-

orograph, for securing a registration of the air conditions at high

levels, weighs but 2 pounds and 2 ounces.

During the past summer aerial stations have been established at

the following cities: "Washington, D. C. ; Knoxville, Tenn,; Memphis,

Tenn.; Cincinnati, Ohio; Lansing, Mich.; Saulte Ste. Marie, Mich.;

Duluth, Minn.; Dubuque, Iowa; Omaha, Nebr,; North Platte, Xebr.

;

Pierre, S. Dak. ; Dodge City, Kans. ; Topeka, Kans. ; Fort Smith, Ark.

;

Cairo, 111.; Springfield, 111., and Cleveland, Ohio.

At these stations daily observations at heights ranging from 1,000

to 7,000 feet are regularly secured, and a considerable amount of

meteorological data collected which will be used in the study of

important meteorological problems. This is the first time in the his-

tory of meteorological science that such an extensive sj'stem of obser-

vations has been maintained at great altitudes in free air. It is

hoped that a considerable addition to our knowledge of storms and
weather will result. By these observations we shall, among other

things, arrive at a more correct knowledge of the vertical distribu-

tion of temperature during the i)assage of rainstorms and cold waves.

This knowledge is especially important in our efforts to secure a more

accurate sj^stem of reducing barometric readings to sea level.

The vertical distribution of pressure and temperature and the hori-

zontal gradients of pressure and temxjerature at some considerable

elevation above the surface of the earth are important information

for the use of our forecasters in making accurate storm warnings. It

is yet to be determined whether or not a sufficient number of flights

to high levels can be secured simultaneously at many stations to

justify the use of tlie kite in taking observations to be used in mak-
ing daily maiis and forecasts. This can not be determined until a

thorough test is made during actual atmospheric conditions in tlio late

fall, winter, and early sjoring.

THE INAUGURATION OF A TENTATIVE WEST INDIAN CABLEGRAPHIC
SERVICE.

A study of a long series of international observations and of obser-

vations taken on shipboard has rendered it possible to accurately

determine the region of formation of the storms known in this country

as West Indian hurricanes. These are the most destructive storms

that approach our continent. The successful warning of one storm

may be worth several millions of dollars to the marine interests of the

United States. At the time when our Navy was maneuvering in the

West Indies, it became especially important that every advantage
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known to meteorological science be made use of for the purpose of

forewarning our fleet against disaster from storms. This was the

motive that induced Congress to place at the disposal of the President

of the United States $75,000, to be expended in initiating and
maintaining a complete ^yest Indian weather service. However, the

great commerce of this region is alone sufficient to justify this country

in maintaining such a service permanently for the benefit of our

ocean navigators.

Some 3'ears ago Mr. Maxwell Hall, of Kingston, Jamaica, an ener-

getic English scientist, journeyed to England for the purpose of

inducing his Government to assist him in establishing such a service

as the United States now has in operation.

For several yeai-s past the AVeather Bureau has received meteoro-

logical reports during a part of the year from native observers at

Havana, Kingston, St. Thomas, and Santiago. These observations,

although so widely' scattered as to give but an imperfect survey of

the atmospheric conditions, were often sufficient to enable the Weather
Bureau to detect the early approach of hurricanes and to warn the

commerce of our South Atlantic coast; but the information received

from these stations was insufficient to enable the Bureau to give

warnings to the ports of the West Indies.

Acting under the President's directions, the Secretary of Agricul-

ture instructed the Chief of the Weather Bureau to install complete

meteorological stations at such places in Cuba, Jamaica, Santo

Domingo, St. Thomas, St. Kitts, the Windward Islands, and the

nortli coast of South America as would enable the Bureau to fully

forewarn the commerce of this extensive region of the coming of hur-

ricanes. The Secretary's order was that the vessels of all nations

should receive the benefit of the information precisely as they have

in our own ports for many years past.

In accordance with the foregoing directions the Weather Bureau

inaugurated such a service. Early in July, for the first time in the

history of practical meteorology, a dailj^ synoptic chart of the West
Indies was constructed. Since that time such a chart has been com-

piled twice daily. The area covered by these ol^sorvations is equal

to that of the United States, although the greater part of the region

is covered by water, and the stations are not, therefore, placed as

close together as might bo desired.

In the benefits derived from extending the Weather l)iireaii system

to the West Indies the commerce of all countries shares ecjually with

that of the United States. While others have stood back and wailed

for a more progressive nation and a nioi-e feasil)le opi)ort unity, the

United States, spurred on l)y tlic necessities of war, extetided to this

vast region one of the most benclicent services that science is able to

render tlie marinei'.

The new service soon had opportunity to demonstrate its utility.
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The approach of the hurricane which created such destruction in the

Windward Islands on Sundaj'^ night, September 11, 1808, was dis-

cerned on tlie previous day. At 8 a. m. on Satui-day morniii;^ obser-

vations on the islands of ^Martinique and Trinidad gave slight indi-

cations of a disturbance southeast of the Windward Islands. At
12.40 p. m. a special observation taken at Barbados indicated a fall

of nearly one-tenth of an inch in the barometer during the preceding

two hours. This movement of the barometer at Barbados, taken in

connection with the atmospheric survey of the whole West Indies,

made four hours previous, satisfied the forecast officer that a hurri-

cane would soon develop over the Windward Islands, although to the

nonexpert there were no indications of a coming storm.

Hurricane warnings were immediatel}^ dispatched to all ports in the

islands of Barbados, Martinique, St. Thomas, and St. Kitts, and they

were advised to prepare for a destructive storm. They were informed

that the hurricane would move from a point south of Barbados, and
that it would travel slowly northwesterly, with wind increasing to a

hurricane velocity. Cable communication was perfect, and the warn-

ings were promptlj' received. Advisory messages were sent to Colon,

Curacao, Santo Domingo, Trinidad, and Santiago. A message was also

sent to Admiral Watson's fleet, lying in the harbor of Caimanera,

Cuba.

How completely these Avarnings were verified by the coming of the

storm twenty-fonr hours hence was shown by the press dispatches a

few days later. While the destruction of life and property was great,

there is no question but that hundreds, if not thousands, of lives and
millions of property were saved by reason of the complete warnings

given by the United States. These warnings were of benefit to the

commerce of all nations. Aside from the saving in human life, they

have, from a financial and commercial standpoint, fully justified the

President in asking for the necessary appropriation and in personally

directing the inauguration of a complete and efficient meteorological

service.

LOSS OF FARM PROPERTY BY LIGHTNING.

In order to determine the frequency of lightning stroke and the

amount of property that is destroyed annually by that agency, the

Weather Bureau has undertaken to collect, through the cooperation

of agents and adjusters of farmers' mutual insurance associations

and many private persons, statistics of loss to farm property, includ-

ing live stock in the fields. The data so collected will, in the course

of time, atford means of determining an equitable rate on lightning

risks.

The iinjn-ession that there has been a perceptible iucr»^\so in the

number of storms and of fatalities by lightning stroke within a com-

paratively short period is more or less prevalent in some States, and
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this view is also held by insurance companies which include lightning

risks in tlieir business. The statistics that have been adduced thus

far in support of the hypothetical increase are far from convincing.

It might easily' happen that a short term of years taken at random
would show a much greater number of cases of lightning stroke than

a corresponding number of years at some other time. In order to

arrive at a satisfactory conclusion as to the relative frequency of

lightning stroke in the various States and Territories it will be nec-

essary to collect observations for at least twenty years. It will also

be necessary to secure accurate returns of the number of insured

buildings in the several States and Territories for each year covered

by the statistics of damage by lightning stroke.

There is undoubtedly a very great variation in the number of destruc-

tive lightning strokes from one year to another. A single illustration

is given in the subjoined table, the values of which have been com-

piled from the annual reports of the commissioner of insurance for

Michigan. The number of lightning strokes given in the table does

not by any means represent the total number of cases of damage that

occurred in that State during the years mentioned. There must have

been many cases of damage by lightning not covered by insurance,

all of which are necessarily omitted from the table.

Property loss in Michigan by lightning.

Tear.



THE DANGER OF INTKODUCINO NOXIOUS ANIMALS
AND BIRDS.

By T. S. Palmer,

Assistant Chief of Biological Survey.

INTRODUCTION.

Acclimatizatiou of plants and animals has attracted attention in

all parts of the world. Useful or curious species have been intro-

duced from one country to another with varying degrees of success;

some have failed while others have become acclimated, and occa-

sionally have increased to such an extent as to usurp the places of

native species. In comparing the results of the introduction of

plants and of animals, the important difference between these two

classes of experiments should not be lost sight of. Plants, on the one

hand, are introduced almost without exception for purposes of cultiva-

tion, and are therefore kept somewhat under control. Occasionally,

under favorable conditions, they "escape" and increase so rapidly that

they become troublesome weeds. Chicory and wild garlic of the

Eastern States and the water h^^acinth of Florida are familiar exam-

ples of weeds originally introduced as useful or ornamental i)lants.

Animals, on the contrarj^ unless intended for pets or for exhibition

in menageries or zoological gardens, are seldom kept in captivit}-,

but are liberated and allowed to live as nearly as possible under nat-

ural conditions. Only the strongest and hardiest species survive,

and in adapting themselves to new surroundings necessarily cause

some change in the existing fauna. If prolific, they are likely to

become abundant in a short time; if they crowd out indigenous spe-

cies, they are regarded as nuisances. Hence, it is sometimes said that

acclimatization of animals has produced far less satisfactory results

than that of plants, but the comparison is made between the relatively

small number of animals, birds, and insects purposely imported and

allowed to run wild and a long list of useful and ornamental plants

carefully kept under cultivation.
,

MEANS OF DISPERSAL.

Animals are transported from one country to another or to distant

islands either by accident or by the direct agency of man. Horses,

cattle, sheep, goats, pigs, dogs, and cats are now almost cosmopolitan,

but they owe their wide distribution entirel}' to man, who has carried

them with him to all parts of the earth. Accidental distribution is

87
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luucb less common in the case of mammals and birds than among the

smaller plants and insects, and species which liave gained a foothold

in distant lands have almost always been intentionally introduced.

Certain small mammals have, however, accidentally found their way
in vessels from one port to another. Two or three sjiecies of rats

and the house mouse of Europe have thus become widely dispersed

over the globe. Fruit vessels plying between ports of the United
States and Central or South America occasionally bring snakes,

small mammals, and insects in bunches of bananas. In November,
1805, a Central American mouse, of the genus Oryzomys, concealed in

a bunch of bananas shipped from Puerto Limon, Costa Rica, was cap-

tured alive in a commission house in Washington, D. C. A young
murine opossum from tropical America was discovered in a bunch of

bananas at Ames, Iowa, during the summer of 1882, and was kept

alive for some time. If such cases w ere frequent, it can be readily

seen how a species might gain a foothold in new regions, provided

the conditions were favorable for its increase.

During the last fifteen or twenty years Bering Island, one of the

Commander group in Bering Sea, has been overrun with the com-

mon Siberian red-backed mouse {Evotomys rutilus). This species

was formerly unknown on the islands, but has been introduced since

1870, probably in firewood brought from Kamchatka. Within ten

years it spread all over the island from the beaches to the mountains

in the interior. It occurs both in the swamps and on the sand dunes,

and has become a pest in the huts of the natives. In 1889 it was still

confined to Bering Island, but will probablj^ reach Copper Island in

time.

DOMESTICATED SPECIES MAY BECOME NOXIOUS.

Domesticated animals, like cultivated plants, may run wild and
become so abundant as to be extremely injurious. Wild horses are

said to have become so numerous in some parts of Australia that they

consume the feed needed for sheep and other animals, and hunters are

employed to shoot them. In some of the Western States they have
also become a nuisance, and in Nevada a law was j^assed in 1807 per-

mitting wild horses to be shot. Recent reports from Washington
indicate that cayuses are considered of so little value that thc}"^ are

killed and used for bait in poisoning wolves and coyotes.

I*igs have run wild in some of the Southern States and also on cer-

tain islands, where, as on the Galapagos, they were originally intro-

duced to furnish food for crews of vessels in need of fresh meal.

According to Dr. Finsch,' they were introduced into New Zealand by

Cai)tain Cook about 1770, and soon becoming wild, increased to a

remaikable d(;gree. A century later wild pigs were so abundant in

the flax thickets of the province of Taranaki, on the North Island,

' Globus, LXIX, 1896, Nr. 2.
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that a liiinter could shoot fifty in a single day. Dr. Finsch also cites

a case mentioned by llochstetter in which 25,000 wild pigs were said

to have been killed by three hunters in less than two years.

Sheep and goats wlien numerous are likely to cause widesi)read

injur}'^, particularly in forested regions. An instructive example of

the damage done by goats is that on St. Helena, described by Wallace.*

St. Helena is a mountainous island scarcely 50 square miles in extent,

and its highest summits reach an elevation of 2,700 feet. At the time

of its discovery, about the beginning of the sixteenth centurj^ it is

said" to have been covered by a dense forest; to-day it is described as

a comparatively barren rocky desert. This change has been largely

brought about by goats first introduced by the Portuguese in 1513, and
which multiplied so fast that in seventy-five j^ears they existed by
thousands. Browsing on the young trees and shrubs, they rapidly

brought about the destruction of the vegetation which protected the

steep slopes. With the disappearance of the undergrowth, began the

washing of the soil by tropical rains and the destruction of the forests.

In 1709 the governor reported that the timber was rapidly disappear-

ing and that the goats should be destroyed if the forests were to be
preserved. This advice was not heeded, and only a century later, in

1810, another governor reported the total destruction of the forests

by the goats, and in consequence an expense of |!l3,G00 (£2,729) in

one j^ear for the importation of fuel for Government use.

The Santa Barbara Islands, off the coast of southern California, and
the island of Guadalupe, off the Lower California coast, are utilized

as ranges for goats. All these islands are dry and more or less covered
with brush, but arborescent vegetation is comiiaratively scarce. The
goats practicall}' run wild, and already exist in considerable numbers.
On Santa Catalina, one of the Santa Barbara group, wild-goat hunting
is one of the diversions afforded tourists, and is considered one of the

principal attractions of this popular summer resort. As yet the goats

have not been on the islands long enough to cause any serious effects

on the vegetation, and they may never bring about the ruin which has
been wrought on St. Helena. But it is scarceh' possible for the islands

to be grazed by goats for an indefinite length of time without suffering

serious damage.
House cats are often greater pests than commonly supposed.

When numerous about the suburbs of cities and to^\^ls, thoy are

apt to forage for a living either from necessity or choice, and their

food is by no means confined to rats and mice. They are constantly

on the Avatch for birds, but it is impossible even to estimate how
many they destro3\ It is certain, however, tliat in some places the

decrease in native birds is largely due to their presence. Where
cats have run wild on isolated islands, their work can be more readily

appreciated. On Sable Island, off the coast of Nova Scotia, tliey were

'Island Life, 1880, pp. 283-286.
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iutrotluced about 18S0 and rapidly exterminated the rabbits, which
had been iu 2)ossossio]i of the island for half a century. In one of the

harbors of Kerguelcn Island, southeast of tlie Ca^jo of Good Hope, cats

were allowed to run wikl upon a little islet known as Cat Island, which
has been used as a Avintering x^lace for sealers for many years. Here
they live in holes in the ground, preying ui)on sea birds and 'their

3'oung, and are said to have developed such extraordinary ferocity

that it is almost impossible to tame them even when captured young.

Dr.AV. L. Abbott states that on Aldabra, about 200 miles northwest of

Madagascar, cats are common on the main island, and have Com-

pletely exterminated the flightless rail {Boiigetius aldahranus), an
interesting bird, i^eculiar to this groui^ of islands. They are also

numerous on Glorioso Island, 120 miles to the southeast, and in con-

sequence birds are less common even than on Aldabra.^

The Chatham Islands, 500 miles east of New Zealand, were
colonized about fifty years ago; cats, dogs, and x^igs were introduced,

and the native birds, represented by fifty-five species, including

thirteen not found elsewhere, have since greatly decreased in num-
bers. Two of the most interesting birds are land rails of the genus

Cahalus. Dr. Dieffenbach, naturalist of the New Zealand Company,
who visited the islands in 1840, states that one of these rails {Cdbalus

dieffenhacJii), called by the natives "meriki," was formerly com-
mon, but since the introduction of cats and dogs it has become very

scarce. It is now probably extinct, and the closely related species

C. modesius will doubtless soon suffer a similar fate, since the islet of

Mangare, to which it is confined, has recently been invaded by cats.'

SOURCES OF DANGER FR0:M NOXIOUS SPECIES.

The animals and birds which have thus far become most trouble-

some when introduced into foreign lands are nearly all natives of

the Old World. The mammals belong to three orders: (1) Rodents,

including rats of two or three species, the house mouse, and rabbit

of western Asia or southern Europe; (2) Carnivores, represented by
the stoat, weasel, and common house cat of Europe, and the mon-
goose of India; (3) Cheiroptera, represented by large fruit-eating bats

or flying foxes of Australia and the Malay Archipelago. Flying foxes

have not yet been actually introduced, but are likely to be carried to

different islands in the Pacific, and are dangerous because of their

de])redations on fruit. The birds comprise the house sparrow and
starling of Europe, .and the mina of India. Other species, usually

regarded as beneficial in their nativQ homes, such as the European
skylark, green linnet, black thrush or blackbird, and the great tit-

mouse or kohlmeise, are likely to prove injurious in new surround-

ings. Most of these species have extended their range from the east

' Proc. U. S. Nat. Mns. , XVI, 1894, pp. 763, 764.

» Forbes, Ibis, 6th ser., V, 1893, pp. 523, 531-533.
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toward the west, altlioiij^li tlie niinas liavcl)Ocn caniod in tlio oi)po.site

direction to New Zealand and the Hawaiian Islands, and flying foxes

are likely to extend northward and eastward. The main danger for the

United States lies in species native to central and southern Europe

and western Asia, but troi^ical species, particularly of India, might

become acclimated in the Southern States. In order to show how
these animals and birds have already spread, and tlie damage they

have done, it will be necessarj^ to refer briefly to the history of each

species.
RATS AXD MICE.

Rats and mice are among the greatest pests with which man has to

contend, and the annoj'ance and damage which they occasion are

beyond comi^utation. They are ubiquitous, abundant alike in the

largest cities and on the most distant islands of the sea. They have

not been intentionally introduced anywhere, but have found their

way by means of vessels to all parts of the earth. Small islands, jjop-

ulated with rats from wrecks, or otherwise, are occasionally overrun

by these animals. On the island of Aldabra, already mentioned, rats

fairly swarm, and are very destructive to the gigantic native land

tortoise, eating the young as soon as they are hatched. Sable Island,

off the coast of Xova Scotia, has suffered from several plagues of rats,

and it is said that the first superintendent of the light station and his

men were at one time threatened with starvation owing to the inroads

made on their stores by rats.

The common hrown rat.—The common brown rat, known also as the

wharf rat and Xorway rat {3Ius decumanus), was originally a native

of western China,* and until two hundred j'ears ago was unknown in

Europe or America. It is very prolific, producing from four to twelve

young at a birth several times a year, and has spread so rapidly that

at the i)resent time it is nearly cosmopolitan. In the autumn of 1727

large numbers of brown rats entered Europe by swimming across the

Volga, and, gaining a foothold in the province of Astrakan in eastern

Russia, spread westward over central Europe. Five years later (1732)

they reached England by vessels from western India. The brown rat

appeared in east Prussia about 1750, and in Denmark and Switzerland

in 1809. It reached the eastern coast of the United States about 1775,

and in 1825, according to Sir John Richardson, liad extended as far

west in Canada as Kingston, Ontario. By 1855 it was abundant at sev-

eral iwints on the Pacific coast, including San Fi-ancisco, Cal. ; Astoria,

Oreg., and Steilacoom, Wash., and its range on the west coast now
extends as far north as Alaska, at Sitka, Kadiak, and even Unalaska.

' Blanford (Mammals of India, 1888-1 S91. p. 409), who gives Chinese Mongolia as

its probable original habitat, states that it is not indigenoiis to India, and is

unknown in Persia and Afghanistan, but suggesta that it Avill probably be intro-

duced into the two latter countries as soou as wheeled vehicles take the place of

pack aniiuals.
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At the present time it is probably abundant in all the larger cities of

the United States except in the South, where it is replaced by another

species.*

The black, or house, rat.—The black rat, or house rat {3fus rattus),

was in all probability originally a native of Asia. The time of its

introduction into Europe is uncertain, but in the middle ages it was

H\e common liouse rat of central Europe. The date of its introduc-

tion into the New World is placed as early as 1544, or more than

two hundred years previous to that of the brown rat. It evidently

became very generally distributed along the coasts and in the principal

seaports, and by the middle of the present century was known as far

north as Halifax and Montreal, Canada, and on the Pacific coast at San

Diego and Humboldt Bay, California. Since the introduction of the

brown rat, the black rat has become comparatively rare in most places

where the former is abundant. In the Laccadive Islands, in the Indian

Ocean, the l)lack rat seems to have modified its habits and become

arboreal. It is said to live in the crowns of the cocoanut trees with-

out descending to the ground, and to do great damage by biting off

the nuts, upon which it feeds, before they are ripe.

Tlie roof, or ivhife-hellied, rat.—The roof rat, or white-bellied i-at

{Mus alexandrinus), is a native of Egypt, Nubia, and northern

Africa, and evidently found its way to America by way of Italj' and

Spain at an early date. It i)robably reached this continent long

before the brown rat, but the exact date of its arrival is uncertain.

It is common in Brazil, in some parts of Mexico, and in the southern

United States, and is known to occur at least as far north as the Dis-

mal Swamp, in southern Virginia.

The horise mouse.—The well-known liouse mouse {Mus musculus)

is readily distinguished from the native white-bellied mice of Nortli

America by its nearly uniform brownish color above and below. It

is a native of Europe and central Asia, but now occurs all over the

world. In the United States it is found from Florida to Maine, and
from San Diego to the Pribilof Islands. It is not restricted to the

seaports, as it made its way inland at an early date. Sir Jolin Rich-

ardson, in 1829, mentions having seen a dead mouse in the store-

liouseof the Hudson Bay Company, at York Factory, among i)ackages

of goods lirought over from England, and states that the house mouse
was introduced at Engineer Cantonment, on the Missouri River, near

('(»nn«'il lUnfTs, Iowa, by Long's Exiu'dition in 1S1!)-L'0. By 1S55 it was
found at many points in the inlei'ior, such as I*rairie Mer Rouge, La.;

Fort Riley, Ivans.; Fort Pierre, S. Dak.; Fort Redding, Cal., and
Panas, ('oalmihi, Mexico. It has even [)eiietrat<Ml to such points as

tin- Hiiaclmca Monntains in Arizona, where it was intrtxliU'ed about
1k;»1 in a wagonload of seed grain. It reached Bering Island, one

of the ('ommand(»r grouj) ofT Kamchatka, in 1870, in a <'argo of flour

shipped fiom San l^'rancisco in the schooner Justus. In the southern
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hemisphere it occurs at Punta Arenas, Patagonia, and is c«)inni(»n in

such out-of-the-way places as Gough Ishmd, in the niiddio of the

South Atlantic, and Kerguclcn Island, southeast of the Ca^x' of Good
Hope. In shoit, its distribution is apparently limited only by the

Arctic and Antarctic circles.

The common rabbit of Europe {Lepus cuniculus) was originally

introduced into Australia for i^urposes of sport, and the results of the

experiment are so well known that anything more than a ])rief refer-

ence to them is unnecessary. Suffice it to say that the rabbits were
liberated near Melbourne about 1864, and by 1878 had extended west-

ward over Victoria and bej^ond the Murray River. They were also

introduced into Tasmania and New Zealand, and spread over the

country like a scourge. So rapidly did they multiply that in 1879

legislative action for their destruction was begun in South Australia,

and the exami^le was soon followed by New South Wales, New Zealand,

Queensland, and Tasmania. At the present time their range in Aus-
tralia is probably equal in area to that of our three largest States

—

Texas, California, and Montana. Millions of dollars have been spent

for bounties, poisons, and various other methods of destruction;

thousands of miles of rabbit-i)roof fences have been built, and hun-
dreds of schemes for destrojang the animals have been suggested, but
nothing has yet been found that Avill efi'eetually exterminate the pest.

Natural enemies, such as cats and other carnivorous animals, have
been introduced, and in certain parts of New Zealand at least have
become almost as much a pest as the rabbits they were intended to

kill. In 1887 no less than 19,182,539 rabbits were destroyed in New
South Wales alone, but despite the efforts of the Government and
private landowners the rabbits seem to be still increasing. In the

meantime, a great industrj'^ has grown up in the export of rabbit

skins. For the last five years New Zealand has been shipping an
average of about 15,000,000 per annum, and since 1873 has exported

more than 200,000,000. Recently, canning rabbit meat for export to

European markets is assuming larger proportions and gives promise

of developing into an important industry.

THE MONGOOSE.

The common mongoose of India {Hevpesies mungo or //. griscus, PI.

VIII) is a well-known destroyer of rats, lizards, and snakes, and has

been introduced into Jamaica and other tropical islands for the pur-

pose of ridding cane fields of rats. The annual loss wliich the island of

Jamaica formerly suffered on account of the ravages of the introduced

black rats {Mas rattus) and brown rats {M. decuman us), and the

so-called "cane-piece rat," including the expense of destroying these

pests, was estimated at £100,000, or $500,000. Various remedies were
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tried, but apparently with little success, until in February, 1872, Mr.

"W. Bancroft Espeut introduced nine individuals of tlie mongoose, four

males and five females, from India. These animals increased with

remarkable rapidity, and soon spread to all parts of the island, even

to the tops of the highest mountains. A decrease in the number of

rats was soon noticeable, and in 1882, ten years after the first intro-

duction, the saving to the sugar planters was said to be £45,000, or

$225,000, per annum.
Still the mongoose increased, and its omnivorous habits became

more and more apparent as the rats diminished. It destroyed young

pigs, kids, lambs, kittens, puppies, the native "coney," or capromys,

poultry, game, birds which nested on or near the ground, eggs, snakes,

ground lizards, frogs, turtles' eggs, and land crabs. It was also known
to eat ripe bananas, pineapples, young corn, avocado pears, sweet

potatoes, cocoanuts, and other fruits. Toward the close of the second

decade the mongoose, originally considered very beneficial, came to

be regarded as the greatest pest ever introduced into the island.

Poultr}' and domesticated animals suffered from its depredations, and

the short-tailed capromj-s ( Capromys hrachyurus), which was formerly

numerous, became almost extinct except in some of the mountainous

districts. The ground dove {Cohimhigallina jKisseriiia) and the quail

dove [Geotrygon montana) became rare, and the introduced bobwhite,

or quail, was almost exterminated. The peculiar Jamaica petrel

{JEstrelata carihhcea), which nested in the mountains of the island,

likewise became almost exterminated. Snakes, represented by at

least five species, all harmless, and lizards, including about twenty

species, were greatly diminished in numbers. The same thing was

true of the land and fresh-water tortoises and the marine turtle

{Chelone viridis), which formerly laid its eggs in abundance in the

loose sand on the north coast. The destruction of insectivorous

birds, snakes, and lizards was followed b^' an increase in several

injurious insects, particularly ticks, whicli became a serious pest,

and a Coccid moth, the larva? of which bore into the pimento trees.

In 1890 a commission was appointed by the Government to consider

wliether measures should be taken to reduce the number of the

animals, and the evidence collected showed conclusivel}' that the evil

results of the introduction of the mongoose far outweighed the bene-

fits rendered to the sugar and coffee plantations.

Recently there has been a change in the situation, and tlie mon-
goose is now reported as decreasing, while certain birds and reptiles,

particularly the ground lizard, are increasing. Quail and pigeons

are reported as more numerous, and there is less complaint concerning

the destruction of poultry. Thus, Jamaica seems to have passed the

liigh-water mark of loss occasioned by rats and by the mongoose, and
while its fauna has l)een modified by the presence of tlie intrudei-s,

both native and introduced species are gradually accommodating
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themselves to the chauged conditions, and a new balance of nature

is being established.*

According to Mi'. Espeut,^ who originally introduced the mongoose

into Jamaica, large numbers of the animals have been sent to Cuba,

Puerto Rico, Grenada, Barbados, Santa Cruz, and elsewhere, but the

fate of these shipments, made at least sixteen years ago, is now un-

known. It is now established on Haiti, as shown by the capture of a

specimen at Santo Domingo City in the winter of 1895,^ and is gen-

erally distributed over the island of Puerto Rico. It is also present

on the island of Vieques, east of Puerto Rico, and is abundant on

St. Thomas. During a recent visit Mr. A. B. Baker found it along

the coast of Puerto Rico at Arecibo, San Juan, Fajardo, Arroyo,

Ponce, and Mayaguez, and in the interior at Utuado and Adjuntas.

It was introduced at San Juan about 1877-79, and although now
becoming a nuisance, is considered beneficial by the sugar planters

who claim that the rats, which were formerly very destructive to

cane, now do little damage. These rats often live in the tops of

the royal and cocoa palms and destroy cocoanuts as well as sugar

cane.

The first efforts to introduce the mongoose into the Hawaiian Islands

were made about 1881, when a few individuals of a large species were

brought from the East Indies and liberated on a sugar plantation in

the district of Ilamakua on Hawaii. These animals did not breed

and soon disax^peared. A few months later a few pairs of a smaller

species were imj)orted from Calcutta, but nearly all were accidentally

drowned while being landed near Ililo. Soon afterwards 75 individ-

uals were imported from Jamaica by the planters of Hilo, and later

215 more were imi)orted for Ilamakua. Here the mongoose is aiding

in the rapid extermination of some of the native birds, particularl}-

the Hawaiian goose {Nesochen sandvicensis), which is found only on

those islands above an altitude of 4,000 feet, and the Hawaiian duck
{Anas wyviUiana), also a peculiar species. According to Mr. H. W.
Ilenshaw this duck was common about Hilo four years ago, but in

1898 none Avere left anywhere in this region. As in Jamaica, the

depredations of rats in the cane fields diminished with the increase of

the mongoose, but the latter soon became so abundant that measures

became necessary to keep it under control. In 1802 a law was passed

forbidding the introduction, breeding, or keeping of the mongoose in

the islands, and the sum of $1,000 was appropriated for the payment
of bounties on animals killed on the island of Oahu. These rewards,

not to exceed 25 cents per liead, were to bo paid by the Minister of

the Interior, but apparently no applications were made for thorn, the

animals being regarded as a necessary evil in the sugar-cane districts.

'See Duerden, Journ. Inst. Jamaica, II, 1896, pp. 273-275.

5Pioc. ZooL Soc, London, 188'2. p. 714.

"Elliott, Field CoIumLian Mus., Zool. Ser., I, 1896, p. 82.
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Attempts at introduction in other countries have not succeeded

so well. The mongoose was introduced into the Fiji Islands, prob-

ably about 1870, but apparently' has not increased to the extent to

which it has in Hawaii. Early in the eighties several experiments

were made in Australia, which resulted in failure. IMore than a

hundred individuals were liberated near the Murray River, and

others in New South "Wales. An experiment was also made in New
Zealand, but apparently without much success.^ In February, 1892,

it was erroneously reported that the Department of Agriculture was

about to introduce the mongoose into the United States for the pur-

pose of destroying goi^hers in the West. Although founded on a

mistake, and speedily corrected, the rumor was so well heralded by

the press that it attracted widespread attention. Persons who were

familiar with the situation in Jamaica and Hawaii protested vigor-

ously against the supposed experiment. Others, ignorant of the

animal's past record and anxious to try some new method of extermi-

nating gophers, prepared to obtain specimens from Honolulu. By
the most strenuous efforts these importations were prevented, and

as yet the mongoose is not known to have gained a foothold on this

continent.

FERRETS, STOATS, AND WEASELS.

In the attempt to check the rabbit pest in New Zealand, recourse

has been had to the importation of natural enemies, such as ferrets,

stoats {Putorius ermineus), and weasels {P. nivalis). In the Waira-

rapa district some GOO ferrets, 300 stoats and weasels, and 300 cats

had been turned out previous to 1887. Between January, 1887,

and June, 1888, contracts were made by the Government for nearly

22,000 ferrets, and several thousand had previously been liberated on

Crown and private lands. Large numbers of stoats and weasels have

also been liberated during the last fifteen years. This host of preda-

tory animals speedily brought about a decrease in the number of

rabbits, but its work was not confined to rabbits, and soon game birds

and other species were found to be diminishing. The stoat and the

weasel are much more bloodthirsty than the ferret, and the widespread

destruction is attributed to them rather than to the latter animal.

Now that some of the native birds are threatened with extermination,

it has been suggested to set aside an island along the New Zealand

coast where the more interesting indigenous species can be kept safe

from their enemies and saved from complete extinction.

FLYINO FOXES, OR FRUIT BATS.

On August 4, 1893, the steamer ilfo/fojrai from Australia arrived at

San Francisco, having on board a fruit-eating bat, or flying fox. The
animal had taken refuge on the steamer off the coast of Australia,

' Final Rept. Royal Coinm. Inquiry Extenu. Rabbits Australasia, 1890, p. 9.
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^;r:';

and was captured and kept as a pet by one of the passenj^ers.

It was promptly killed by the quarantine oflicer at San Fraiu-iseo,

and four more, which arrived in captivity two months later fiom

China, on the steamer Rio de Jdveiro, inet tlu^ same fat<'. Attciit i(tii

was called to the danger of the new pest, and one of the rej,Milaiions

adopted by the State board of horticulture in the following? year pro-

hil)ited the importation of these animals into California.

Flying foxes l)elong to the genus Pteropus (fig. 1), one of the best-

known groups of fruit-eating bats. The genus includes some fifty

species which are found in the tropics of the Old World, from Mada-

gascar and the Comoro Islands east to Australia, and the Samoan

Islands, and north to India, Malay Archipelago, and southern Japan.

Five species occur in Australia, two of them as far south as New South

Wales (lat. 35° S.), but none are

found in New Zealand or in the Ha-

waiian Islands. The largest species

is the Kalong or ]\Ialay fruit bat

{Pteropus ediilis), which measui-es

more than 5 feet across the tips of

the wings.

In Australia these bats are de-

scribed as living in immense commu-
nities or "camps" in the most inac-

cessible parts of the dense scrub of

gullies and swamps. Here they may
be seen by thousands, frequently

crowded so thickh- on the trees that

large branches are broken by their

weight. They fly considerable dis-

tances in search of food, sallying

forth in flocks about sunset and re-

turning to their camps before dawn.

In New South Wales, and more espe-

cially in Queensland, flying foxes are one of the worst pests of the fruit

grower, and aredescribed as a plague which threatens the fruit-growing

industry in a large part of Australia. Tliey are particularly injurious

to figs, bananas, peaches, and other soft fruit, and it is estimated that

the danuige done to orchards in the coast district of New South Wales

amounts to many thousands of pounds annually. A'arious expedients

have been suggested to protect orchards from their depredations.

Rags dipped in melted sulphur and hung among lite ])ranches, netting

placed over the trees, and wires suspended around the trees, and eviMi

stretched close together from poles and covering the whole orchard

have been tried, but apparently withoutmuch success. The most prac-

tical method is to destroy the bats in their camps. A few years ago the

Minister for Mines and Agriculture for New South Wales supplied

1 a98 7

Fig. 1.—Flying fox [FU-ruiius sp., redrawn
from Proceedings Zoological Society,

London, 1874).
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ammnnition for tliis purpose and, after considerable expenditure of

powder and shot, about 100,000 foxes were destroyed at a cost of about

30 cents apiece. Wholesale destruction with dynamite was suggested

and experiments with high explosives were made by the department

of agriculture. Charges of roburite (1 to 4 pounds) and gun cotton (2^

pounds), connected with wires so that they could be fired by an electric

current, were placed in the branches of trees where the bats were

accustomed to roost. The bats carefully avoided the trees in which

explosives were hung, and when the charges were fired none were

killed, even among those roosting in neighboring trees. ^

Since nearly all the species of tlying foxes are natives of the Trop-

ics, it is hardly likely that thej^ could gain a foothold in the United

States, except in the South, but there is a serious danger of their

introduction into the Hawaiian Islands by means of vessels plying

between Honolulu and the Orient, the South Sea Islands, and Australia.

THE ENGLISH SPARROW.

The house sparrow, better knowii in America as the English spar-

row [Passer domesficus), is a common bird of north central Eurasia.

It is said to range as far north as latitude 67° in Europe and to lati-

tude 61 ° in Asia. The damage which it does in destroying fruit and
grain, in disfiguring buildings in- cities and towns, and in driving

away other birds, makes it one of the worst of feathered pests. The
rapiditj^ with which it increases in a new locality is scarcely more
remarkable than the persistency and care which have been displayed

in introducing it into foreign lands, in spite of the warnings of per-

sons familiar with its habits. It has gained a foothold on all of the

continents, and has l)een transported to some of the most distant

islands in the Indian and Pacific 'oceans. In North America it has

not increased very rapidly north of the Transition zone nor in the Lower
Austral, but wherever it has become at all abundant efforts to exter-

minate it have been practically futile.

The p]nglish sparrow was first introduced into the United States

by a gentleman of Brooklyn, N. Y., who brought over eight pairs

from P^urope in the fall of 1850 and liberated them in the fol-

lowing spring. Those birds did not thrive, and in 1S52 a second

importation was made. In 1854 and 1858 the sparrow was introduced

at Portland, Me., and in the latter year at Peacedale, R. I., and a few

birds es('a])ed a1 I>oston, Mass. During tlie next decatlc it was im-

ported direct from Europe to eighl other cities, and in one case 1,000

birds were sent to Philadelphia in a single lot; birds were also dis-

tributed fi-om Ihe colonies already starti'd in this country. ]>v 1S70

it had Ix'come estal)lished as far south as C'olumbia, S. C, Louisville,

Ky., and (ialveston, Tex.; as far west as St. Louis, Mo., and Daven-

port, Iowa, and as fai- noith as Montreal, Canada, thus gaining a

'Agr. Gazette, New South Wales. I. 1S90. p. 105,



DANGER OF INTRODTTCING NOXIOUS ANIMALS AND HIRDS. 99

foothold in twenty States, the District of Columbia, and two provinces

in Canada.

Between 1870 and 1880 it was estimated that its range had been

extended by nearly 10,000 square miles, and isolated colonies were

established at San Francisco (1871-72) and Salt Lake City, Utah
(1873). During the next five years it spread over more than 500,000

square miles, and in 1886 had become established in thirty-five States

and five Territories, occupying practically all of the region east of

the Mississippi River (except portions of Florida, Alabama, and Mis-

sissippi), as well as parts of eight States in the West. Its range was

estimated to cover 1,033,000 square miles, including 148,000 square

miles in Canada.

","

Fig. 2.—Map showing spread of English sparrow in the United States: The entire shaded area

represents approximately the present distribution of the sparrow; triangles indicate colonies

in 1860; black spots, colonies in 1870; circles, isolated colonies in 188U; dotted area, range in

1886; lined area, extension of range up to end of 1898.

At the present time (1898) only three States (Montana, Nevada, and

Wyoming) and three Territories (Alaska, Arizona, and New ^Mexico)

are apparently free from the sparrow. Its range extends westward to

the Great Plains and in Colorado to the Rocky Mountains, and also

occupies considerable areas in Utah and central California. (See fig 2.)

The true character of the bird is now so well known that it is

unnecessary to dwell on its injuries to fruit and grain, the nuisance

it has become in large cities, and the extent to which it has replaced

native birds. The ill-directed care and energy expended on introduc-

ing and fostering it thirty years ago are largely responsible for the

marvelous rapidity of its distribution. Now, when too late, efforts at

extermination have been begun, and four States (Illinois, ^Michigan,

Ohio, and Utah) have offered bounties for its destruction, the expend-

itures in Illinois (1801-180/)) and Michigan (1887-180,5) amounting
to about *117,500.
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Besides 1 lie United States, New Zealand and Australia have suffered

considerably from the English si:)arrow, and in some of the colonies of

Australia it is considered second only to the rabbit as a pest. It seems

to have been introduced on the North Island of New Zealand in 1866,

by the "Wanganui Acclimatization Society.' By 1870 it began to be

numerous, and twelve years later threatened to spread over the whole

island, becoming established in the most inaccessible regions, in spite

of its usual i^artiality for cities and towns. In Victoria the sparrow

was introduced about 1865, and probably appeared soon after in

Queensland, New South Wales, South Australia, and Tasmania, but

data are lacking as to the date of its first appearance in these colonies.

It has increased so rapidly that, in order to hold it in check, " Sparrow-

destruction" bills have been passed in several of the colonies during

the last ten years.

Thus far the sparrow has not gained a foothold in Western Australia,

and radical measures have been adopted to prevent its introduction.

Its importation was prohibited by the " Destructive birds and animals

act," passed in 1893, and when a few birds were discovered in Perth in

Januar}^ 1898, prompt measures for their extermination were taken

by the bureau of agriculture. All that could be found were shot, and
attention was called to the necessity of stamping out the pest before

it spread beyond control.

The English sparrow has also found its way into many other distant

corners of the earth. It is gaining a foothold in Argentina, and has

been carried to remote islands. In the Indian Ocean it is present on

Mauritius, about 400 miles east of Madagascar, and on the Comoro
Islands, off the southeast coast of Africa and 350 miles northwest of

Madagascar. It was first reported from Grand Comoro in 1879. In

the Pacific Ocean it has been introduced on the Chatham Islands, some
500 miles east of New Zealand, ^ i^robably on New Caledonia, and on

the Hawaiian Islands. In the latter group it is reasonable to sup-

pose that it was introduced by way of San Francisco in the early

seventies, since it was reported to be numerous at Honolulu in 1879.

In the Atlantic Ocean it is present on IJermuda, the Bahamas, and

Cuba. It was sent to l^ermuda from New York about 1874, and two

yeais later was given the same i^rotection accorded to other birds,

its destruction being punished by a fine of 5 to 20 shillings. Ten
years after its introduction it had increased so enormously that a

l»()niity was offered for its destruction, and between 1SS4 and 18S(;

about X'530 (!^2,650) were expended, without causing an^- appreciable

decrease in its mimbers, notwithstanding the short time the bird had

been present an<1 the fact that the islands have an area of less than

'20 .squai'e miles. It is said to liaAc Ikmui imported into Cuba, and in

Rept. New Zealand Dept. Agriculture, 1897, Div. Biology, p. 8.

IbiH. IS!»:i,p.54;i.
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1877 was reported to have been introduced on New Providence, Baha-

mas, "within the last few j^ears." It has not, however, Increased

rapidly on either island, for in 1891 it was reported as still not

abundant, and apparentlj' had n'ot extended its lange to any of the

neighborin^ir islands.
THE STARLING.

The starling (Sturnus vulgaris, fig. 3) of Europe and western Asia

is one of the best known birds of the Old "World, and <luring late

years lias been increasing in numbers in the British Isles. It is some-

times accused of stealing fruit and destroying nests and eggs of other

birds, but in its native home it seems to be beneficial rather than

otherwise. Comparatively little accurate information concerning its

(1 ^/

Fig. 3.—Starling (.s'<u/uhs vithjmin).

food habits is available, except the results of an examination of 175

stomachs recentlj^ made in Scotland by Mr. John Gilmour. ' Accord-

ing to this examination the food consists of 75 per cent insects, 20

per cent grain (mainly waste grain), and 5 per cent miscellaneous

substances. Some useful insects were eaten, but the greater propt)rtion

were classed as injurious. The charge of destroying eggs of larks, and
occasionally young nestlings, was not substantiated, as no eggshells

were found in these stomachs. Mr. Gilmoui- calls attention to the

rapid increase of starlings in Fifeshire, thousands now existing whore
fifty or sixty years ago they were considered rare, and mentions the

serious damage sometimes done to shrubs and young plantations when
occupied as roosting places, but concludes that on the wlu)lo the bird

is beneficial and worthy of protection.

' Trans. Highland and Agr. Soc, Scotland, 18!iii.
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Several attempts have been made to introduce this species into the

United States, but as yet it has hardly obtained a foothold. One of the

first importations was made by the Acclimatization Society of Cincin-

nati, Ohio, in the winter of 1872-73. About 1877 a number of star-

lings were liberated in Central Park, New York, by the American
Acclimatization Societ}', and several similar experiments have since

been made, but only the last seems to have met witli success. About
GO birds were released in 1890. Some of them have bred for several

years, and, leaving the park, have established themselves in favorable

places in the neighborhood. In 1803 and 1894 flocks of as man}' as 50

individuals were reported to have been seen in the suburbs about the

northern end of the city, and late in 1898 a flock of about 30 took

up residence at Sing Sing. During the last two or three years a few

have been seen on Long Island, about Brooklyn. Thirty-five pairs

were liberated at Portland, Oregon, in 1889 and 1892, where they are

said to have done remarkably well, and as recently as June, 1898,

a few were seen about the suburbs. In the autumn of 1897 it

was reported that starlings were to be imported for the city park

at Allegheny, Pa., but as yet only a dozen or fifteen seem to have

been introduced, and these have been carefully kept in captivity for

breeding, with the intention of ultimately stocking the park.

Much has been said concerning the advantages of inti-oducing the

starling into this country, but in spite of the many arguments brought

forward, the bird's character is not above suspicion, and its useful-

ness is still open to question. The fact seems to have been overlooked

that in other countries the starling has signally failed to fuHill the

expectations concerning its usefulness. Certainl}' the experience of

Australia and New Zealand offers little encouragement. It was intro-

duced in New Zealand in 1867, and as early as 1870 was reported as

"becoming ver}^ numerous." It seems to have increased very rapidly,

and in spite of its natural preference for insects, in its new home it has

adopted a fruit diet to such an extent as to become a great pest.^ In

South Australia it was reported to be common in certain localities in

1894, and measures for its extermination were considered. In Victo-

ria, on the other hand, steps were taken in 1895 to promote its increase

in fruit and grain growing districts, and this fact was i:».3d as an
argument in its favor by persons who were endeavoring to introduce

it into some of the other colonies. Western Australia has taken a

firm stand on the question, and Mr. R. Helms, biologist of the bureau

of agriculture of that, colony, who opposed the proposed importation,

gives his reasons as follows:

Had I been asked fifteen or twenty years ago what I had to say, I would prob-

ably have recommended their introduction. But not so now. My experience has

' It is also interesting to note that nearly twenty years ago an eminent English

ornithologist predicted that in foreign countries the starling would undoubtedly

aid in destroying native birds. (Newton in Yarrell's British Birds, 4th ed., II,

ibia-iiiii-z.)
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taught me better. The birds were introduced more than fifteen years af<o into

New Zealand, and now, like the thrushes, they have become a pest to fruit

growers. They have changed iheir habit from being principally insectivorous

to having become omnivorous.

'

After due deliberation, the Government issued a proclamation on

January 22, 189G, declaring the starling a destructive bird and abso-

lutely prohibiting its importation into Western Australia. Still more

recently it has been condemned in Tasmania, where it is charged

with committing depredations on small fiiiits, cherries, and wheat.

m« 1U t':r:^

r/V-

Flo. 4.—Mina {Acridotheres tristist.

Its further distriDullou has been discouraged, and when the ([uestion

of introducing several species of birds was under discussion at an

agricultural conference at Scottsdalo on December 6, 1897, the starling

was promptly rejected.
'^

THE MINA.

The mina, or mynah {Acridoiheres frisfis, fig. 4), is common through-

out most of India, except Kashmir and Tenasserim. In its habits it

Producers' Gazette, Western Australia, V, January. 1898, p. 29.

Agr. Gazelle. Tasmania, V, November, 1897, p. (>6; January, li<\)8, p. 103.
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Fig. 5.—Kohlmeise {Pm-iis major).

is somewhat like our native i2:mckles or crow blackbirds, but seems
to resemble the sparrow in its famiHarjty and i)artiality for liuman
habitations. It was introduced more than thirty-five years ago into

Mauritius to destroy

grasshoppers, and is

said to have become
perfectly naturalized

there.' It has also

been introduced into

the Andaman Islands

(some time prior to

1873), the Hawaiian
Islands, New Zea-

land, and possibly

Australia.

It is said to have

reached the Hawai-
ian Islands by way of

China. Dr. Finsch,

an eminent ornitholo-

gist, who visited Honolulu in 1870, found it very abundant, and de-

scribes its habits as follows :

The inainas are a great nuisance to llie inliubitants, as they drive away the

pigeons and fowls, and are said to destroy the nests and eggs of the domestic

birds. That they do drive out the

pigeons from their houses, I observed

many times myself. "' - - In Mr.
Earning "s garden, where the finest

trees, chiefly p:ilm, abound, hundreds

and thousands come to roost, and
their inharmonious concert lasts from
6 in the evening for an hour or more.

The same is the case at daybre ik, a

little after .> o'clock.

-

THE KoHLMKISE, OU GREAT TITMOUSE.

"Kohlmeise" is the German
name of the great titmouse of

P^urope (Parus major), and this

designation is used to some ex-

tent in the United Stales. The
kohlmei.se (fig. .')) is common over

the whole of Europe as far north

as the Arctic Cii-cle and also in .Sibei-ia. It is a handsome species,

about the size of the common eastern chickadee ( Pdriis (ifrioijtillifs,

fig. '>), but may be r<'a(lily distinguisli('<l from any American titmouse

by the dull jellow on the sides of the body and tix' broad black stripe

Vm. (). -("liickndcc ( I'm tix nil iidiiillitu).

' Jerdou. Birds of India, II, isr,:?, p. .32fi. Ibis, IstiO, pp. 77, 78.
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exteiifling down the center of its breast (see fig. 5). Like other

species of the genus, it is mainly insect ivorous, but in winter is said

to eat nuts and hard seeds. The kolilmeise has recently attracted

attention on account of its alleged value as a destroyer of the codling

moth {Carporapsa jHmiondla), particularly in Germany, where it is

reported to protect apple trees in large measure from the attacks of

this destructive insect. But although several German authors regard

it as a most useful species, there seems to be no satisfactory evidence

that it is partial to the codling moth, or in fact that it ever feeds on
the motli to any great extent. In Great Britain where the kohlmeise

is also a resident and generally distributed, its presence has not been,

suflioient to exterminate the codling molh or even to hold this pest in

check. On the other hand, it is said to attack small and weakly birds^

splitting open their skulls with its beak to get at the brains, and doing

more or less damage to fruit, particularly pears. One English observer

reported that all the pears in his garden had to be inclosed in muslin

bags to protect them from the birds, which would otherwise eat a con-

siderable part of the fruit before it was ripe. Another reported that the

great titmouse spoiled most of a limited croj:) of apples, and then began

on the pears, boring a small hole near the stem, and passing from one
pear to another until every one of forty or fifty trees had been dam-
aged. It also attacked figs, scooping them out before they were ripe.

In the autumn of 1807 an article appeared in a paper in Idaho set-

ting forth the great value of the bird to the fruit grower, and strongly

advocating its importation into this country. The article attracted

the attention of horticulturists throughout the Northwest, and gave
rise to considerable discussion concerning the merits of the bird and
the desirability of its introduction. While the kohlmeise might not

develop its fruit-eating propensities in America, it should not be
introduced until more definite information is available concerning its

habits and until it has been shown beyond question that it will do no
serious harm. Moreover, since there are alrearly several titmice of

the same genus in the United States, it seems entirely unnecessary

to ad<l another to the list, for it is hardly probable that the European
bird would confine itself to the codling moth or be of more value ta

the horticulturist than the native siiecies. It may be added that recent

investigations seem to show that the common eastern chickadee feeds

to some extent on the codling moth, as a few larva?, believed to be
those of this insect, have been found in chickadee stomachs col-

lected in New Ilampshii-e during February and March.' It may be
of interest also to recall the fact that the kohlmeise was actually

introduced in 1874 at Cincinnati, Ohio, but the experiment failed, as

neither this nor any of the other exotic species imi)orted at the same
time became naturalized.

'Weed, Bui. 54, N. H. Coll. Agr. Expt. Station, 1898, pp. 87, 94.

1 a98 8*
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THE SKYLVRK, GREEN LINNET, AND BLACK THRUSH.

Tho skylark (Alaiida arvensis), the green linnet {Ligurinus chloris)^

and black thrnsh, or black bird {Turdus merula), are all natives of

Europe. They are chiefly of interest in this connection, because in

their native home they are almost universally considered beneficial,

but in New Zealand thej^ have developed traits which render them
far from desirable additions to the fauna of that island. They were

introduced into New Zealand in 1867; in 1870 they had begun to breed

in a wild state in the province of Auckland on the North Island, and

the green linnet was reported as already becoming common.^ At the

present time they are common all over the colony and troublesome in

certain districts. The skylark confines its injuries mainly to turnips,

eating the seed soon after it is planted, and thus causing no small

damage to the future crop. The green linnet is similarly injurious to

grain, while the black thrush is accused of taking strawberries, cur-

rants, raspberries, and other small fruits. As a fruit destroj^er the

black thrush is said to be worse than the English sparrow, and the pro-

posal to introduce it into Western Australia elicited a strenuous protest.

The skylark has been introduced several times into the United

States, especiallj" in the vicinity of New York, and recently all three

birds have been liberated in Oregon, but as yet they have not increased

to any extent. Both the skylark and the black thrush are noted

singers, but the charms of their song hardly compensate for damage
to crops.

NEED OF LEGISLATION.

The examples already cited show the danger of introducing exotic

species on large islands, particularly on those far distant from con-

tinents, where the fauna is necessarily limited and predatory species

practically absent. In such places introduced species are almost

sure to increase very rapidly. The exi^erience of New Zealand indi-

cates the necessity of exercising unusual care in introducing birds

and inammals into the islands recently ac(iuired bj' the United States.

Much remains to be learned about the fauna of these new possessions.

Puerto Rico is less known than any of the larger islands of the West
Indies, but it probably has no indigenous mammals except bats.

About 150 species of birds have been recorded fi-om the island,^

of which 20 are not found elsewhere. The fauna of tlie Hawaiian

Islands is still more limited; indigenous mammals, except one bat

{LcLsiurus), are entirely wanting, but many of the birds are of great

interest. Although no complete list of them has yet been publislied,

about 100 species are known to occur on the islands. The fauna of

' Tho green linnet has fonnd its way to the Kermadec Islands, 600 mile.=5 to ihe

northeast, and all tlirce species are said to be now present on the Chatham
Islands, ntiarly ."iOO miles east of the South Island of Now Zealand.

'Guudlach, J. F. O., XXVI, 1878, p. 163.
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the Philippines is much richer. The mammals are comparatively

unknown, and until recently were supposed to be poorly represented,

but at present the list includes some 50 species, of which about half

are bats. The birds have received much more attention, and nearly

GOO species have been recorded from the archipelago,^ 286 occurring

on Luzon alone.

All of the islands have probably suffered more or less from the

introduction of noxious sjiecies, especially rats and mice. In Hawaii
rats have done so much damage that the sugar planters have imported

the mongoose to destroy them, and this animal is now becoming a

pest. The miua of India is also present in considerable numbers, and
the house finch {Carpodacus inexicanus frontalis) has been intro-

duced, notwithstanding the fact that it is usually considered a great

pest by fruit growers in California.

During the last fifty years a number of acclimatization societies

have been organized for the purpose of introducing animals and plants

from foreign countries. Private individuals, too, have devoted both

time and money to importing birds or mammals which they consider

necessary or desirable additions to the native fauna. Four or five

societies exist in New Zealand, and several have been formed in the

United States. During the years 1872-1874 the Acclimatization Soci-

ety of Cincinnati, Ohio, expended about §9,000 in the purchase and
importation of European birds, and introduced some 4,000, belonging

to about 20 species, at an average cost of about $4.50 a pair. These
included several birds of doubtful value, such as the starUng, skylark,

and great titmouse or kohlmeise.^ This experiment proved a failure.

In 1888 the Society for the Introduction of European Song Birds was
organized at Portland, Oregon, and imi)orted two lots of birds in 1889

and 1892, at a cost of about $2,000. Among the number were 50 pairs

of skylarks, 35 pairs of black thrushes, 35 pairs of starlings, 15 pairs

of green linnets, and a number of others, representing in all some 20

si)ecies. Recently the introduction of the kohlmeise into the North-

west has been seriously considered, and the spasmodic attempts to

acclimatize the skj'lark and starling have been renewed.

Whatever may be the difference of opinion concerning the desira-

bility of introducing exotic species, it will be generally admitted that

some restriction should be placed on the importation of birds and
mammals which maj^ become injurious. Since it has been found
necessary to restrict immigration and to have laws i3reventing the

introduction of diseases dangerous to man or domesticated animals,

is it not also important to prevent the introduction of any species

' This number includes the species found on Palawan. Worcester and Bourns
class Palawan with Borneo on zoological grounds, giving for the Philippines proper

526 species; of these, 323 are confined to the group. (Proc. U. S. Nat. Museum,
XX, 1898, pp. 5G4, 575.)

* Jonru. Cincinnati Soc. Nat. Hist., IV, 1881, p. :'.43.
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which may cause incalculable harm? Experience with the English

sparrow, the work of rabbits in Australia and of the mongoose in

Jamaica, all these have abundantly shown the necessity of preventing

the repetition of similar costly blunders in the future.

Twelve years ago Dr. C. Hart Merriam, Chief of the Biological

Surve3% urged the necessity of restricting the importation of exotic

species, as follows :

^

It seems desirable that a law be enacted conferring upon the Commissioner

[Secretar\'J of Agriculture the power of granting or withholding permits for the

importation of birds and mammals, except in the case of domesticated species,

certain song and cage birds (to be specifically enumerated), and species intended

for exhibition in zoological gardens, menageries, and mtiseums, which may be

brought in without special permits. The question of the desirability of importing

species of known beneficial qualities in other lands is one which sooner or later

must force itself upon our notice; and it is highly important that when such

experiments are made they should be conducted by or under the control of the

Department of Agriculture.

Ten years later Mr. Alexander Craw, quarantine officer of the Cali-

fornia State board of horticulture, again called attention to the need

of legislation, and in his annual report for 189G recommended the pas-

sage by Congress of a stringent law preventing the introduction of

noxious animals.

At present there is no Federal statute on the subject, and appar-

ently California is the only State which has given the matter serious

attention oi- has taken steps to prevent thoughtless or intentional

importation of injurious species. In the act creating the State board

of horticulture, approved March 13, 1883, and amended March 8, 1889,

authority was conferred on the board to make regulations for the pur-

pose of preventing the spread of fruit pests. In accordance with this

act, certain quarantine regulations Avere adopted on August 15, 1894,

one of which. Rule XII, i^rovides that "animals known as flying fox,

Australian or English wild rabbit, or other animals or birds detri-

mental to fruit or fruit trees, plants, etc., are prohibited from being

brought or landed in this State, and if brought, they shall be

destroyed."^ This law has resulted in the destruction of several

flying foxes and, so far as known, every mongoose thus far brought to

tlie i)ort of San Francisco. It is, perhaps, not too much to say that

to this regulation and to the vigilance of the (luaraiitiiie oHicer at San
Francisco the State owes its present freedom from the mongoose.

The action of Cape Colony and AVestern Austialia on tliis question

stands out in marked contrast to the apatliy of other countries. Cape
Colony, in 180O, made it unlawful to introduce rabbits, either by land

or sea, or to turn them loose within the colony;^ required the rabbits

'Annual Report Deiiartment of Agriculture for IHSfi. p. 2r)8.

'Fifth liicnnial Report State Board of Horticulture, 1H!»6. p. 8.

* Under a penalty not exceeding 5 pounds for first offense or 10 jionnds for sec-

ond offense. (See Agr. Journ., Cape Town, III, January 8, 1801, p. 119.)
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already in tlie colony to be confined in hutches or ]>oxes constructed

according,' to certain prescribed reguhitions, and jiulhorized anyone to

destroj^ rabbits found on liis premise's, on Crown hinds, or along pub-

lic roads. Western Australia, profiting by the experience of her sister

colonies on the eastern side of the continent, has taken measures to

secure protection from the evils of indiscriminate ami ill-advised accli-

matization by the passage of the so-called "Destructive birds and

animals act" (57 Vic, No. 22). This law, passed in lHO-3, prohil>its the

introduction of all birds or animals which, in tlie opinion of the

governor-in-council, are destructive to vineyards, orchards, fruit trees,

or any agricultural produce. The act also i)rohil)its the keeping of

such birds or animals on private premises, authorizes the destruction

of those already in the colony, prohibits the liberation of any destruc-

tive bird or animal, and i)ermits duly authorized officers to enter prem-

ises for the purpose of seizing or destroying such birds or animals.

The terra "destructive" is interpreted to mean any species to which

the governor-in-council may from time to time extend the provisions

of the act by proclamation, and the selection of species is based mainly

upon the lecommendations of the bureau of agriculture.' The law is

therefore elastic and may be easily modified when necessary. Spar-

rows and rabbits were originally included in 1893, flying foxes were

added in December, 1895, and starlings, blackbirds, and thrushes in

January, 189G.

SUMMARY.

(1) Acclimatization of plants differs from that of animals since

plants are introduced for cultivation and thus kept to a certain extent

within control, while animals are liberated and controlled only by
natural enemies or unfavorable conditions.

(2) Animals and birds are distributed from one continent to another,

and to islands, either by accidental means or by the direct agency of

man. Most animals are intentionally introduced into new regions,

cases of accidental dispersion being comparatively rare except among
rats and mice.

(;5) Domesticated animals, like plants, may run wild and become
injurious, especially in regions where food is abundant an<l natural

enemies are absent. Goats and cats on isolated islands are well-

known examples.

(4) The animals and birds which have thus far proved most inju-

rious are the rabbit, mongoose, stoat, weasel, flying fox, English

sparrow, starling, and mina. The skylark, green linnet, black thrush,

and great titmouse, or kohlmeise, are of doubtful value and likely to

prove injurious. These species are all natives of the Old World, and

with the exception of the mongoose, mina, and flying foxes, are inhab-

itants of the temperate regions of Europe and western Asia.

' See Journ. Bureau Agr. Western Australia, II, December 10, 1895, pp. 630-631;

III. 18%, p. 676.
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(5) Notwitlistanding tlio object lessons afforded by the English

sparrow in our own country, the rabbit in i^ustralia, and the mon-
goose in Jamaica, no steps have been taken to prevent the repetition

of similar costly mistakes in the future, and at present no restriction

is placed on the indiscriminate importation of exotic species into the

United States.

((i) Recent events liave given new importance to this subject. The
gradual increase of the starling and the efforts to introduce the kohl-

meise require prompt measures to prevent species of such doubtful

value from gaining a foothold in this country. The acquisition of

new territory has also brought us face to face with new problems.

Not only should the mongoose be prevented from reaching the United

States from Hawaii and Puerto Rico, but the native fauna of these

islands should be preserved and all our island possessions protected

from ill-advised acclimatization, which has caused so much loss in

Australia and New Zealand.

(7) The introduction of exotic birds and mammals should be

restricted by law and should be under the control of the United States

Department of Agriculture. Western Australia has already adopted

this course, and under the "Destructive birds and animals act" of

1893, prohibits the imjiortation, liberation, or keeping of animals and

birds which the colonial bureau of agriculture considers injurious to

vineyards, orchards, or crops.



THE PREPARATION AND USE OF TUBERCULIN.

By E. A, DE ScilWEixiTZ, Ph. D., M. D.,

Cldef of Biochemic Division, Bureau of Animal Industry.

INTRODUCTION.

Tuberculin is a solution in glycerin and water of the products of

the growth of the tubercle bacilli upon artificial media and the con-

tents of their cells. Although it has been manufactured in quantity

and used upon a large scale for some years, it maj* at the present time

be of interest to give a brief sketch of the methods of manufacture of

this material as followed in the Biochemic Division, and to note the

advantages or objections to its use as a diagnostic agent for tubercu-

losis in animals and men.

METHOD OF PREPARI5TG TUBERCULIN.

In the preparation of large quantities of tuberculin in the bio-

chemic laboratory of the Bureau of Animal Industry during past

years, the following method of procedure has been found to give the

most satisfactory results : The fluid upon which the tubercle bacilli are

allowed to grow is an extract made with distilled water from perfectly

fresh meat which has been finely chopped. One pound of meat is

used to a liter of water, to which is added 1 per cent of peptone, one-

fourth of 1 per cent of salt, and 7 per cent of glj-cerin. The solution

is heated to boiling, filtered, and placed in perfectly sterilized flasks.

The medium is then sterilized for three successive days in a steam

bath. After the cotton plugs of the flasks have become dry, they are

removed, dipped in paraffin, and replaced in the flasks so as to make
tiglit stoppers. When the culture medium so prepared is found to

be thoroughly sterile, it is inoculated. The thorough sterilization

of the media can be proved by allowing the flask to stand for some

days in a warm place, during which time they should remain perfectly

clear if there is no contamination with ordinary bacteria from the air.

INOCULATIXO THE MEDIA.

Tlie ihoculation of the media in the flasks is accomplished by taking

up on the end of a j^latinum wire a small mass of tubercle bacilli

obtained originally from an animal that has died of tuberculosis.

The first cultures are made from dead animals, by transferring to a

jelly made of glycerin and agar, or blood serum, or potato, pieces of

the diseased organ, lung or spleen, of a guinea pig that has been

111
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infected by iTioeulation Avitli tuberculosis. The germs, after four to

six weeks, are found to have developed very readily, and to form a

thick, spongy laj'er on the surface of the jelly or potato. It is a very

easy matter to detach a small bit of this spongy growth from the sur-

face of the j<'ny and transfer it to the flask containing the liquid

media prepared in the manner already indicated.

In order that the tubercle bacilli may grow readily, it is necessary

that they shall have a free snpplj' of oxygen; hence, the mass of

bacteria that are transferred to the flask should be caused to float on

the surface of the liquid. This can be readily accomi^lished by
detaching a piece of the culture mass from the jilatinum needle and

floating it upon the surface of the liquid without immersing it (PI.

IX, fig. 1). If the inoculating jjiece is allowed to become wet with the

culture media, it will sink to the bottom of the flask and the bacteria

will not develop. The inoculated flasks are then placed in the incu-

bator, which is a double-walled copper box. The space between the

copper Avails of the incubator is filled with water. The incubator is

kept at a constant temperature of about 98° F. After a week to ten

days the tubercle bacilli will be seen spreading out in all directions

from the particle with Avhicli the flask was inoeulated, and finally the

surface of the liquid will be covered with a layer of tubercle bacilli

(PI. IX, fig. 2). When this is noted, the flask should be carefully

shaken, so as to cause most of the growth upon the surface to be

immersed in the culture liquid and to sink to the bottom of the flask.

A small particle, however, should be left on the surface to serve as

seed for a new surface growth. This shaking down of the surface

growth can be readily accomplished by rotating the flask two or three

times very gentlj', and after a little practice it will be found to be an

easy matter to preserve the desired particle upon the surface. From
this particle a new surface growth is developed, which sliould be

shaken down as in the first instance, and a third growth allowed to

form. This process will require six weeks to two months or more
from the time that the flasks were first inoculated, and their con-

tents are then in a condition to be further used for the preparation

of tuberculin.

When first obtained from the animal body, tlie tubercle bacillus

grows best upon blood scrum, or potato, or a liquid, such as has

been already indicated, that has a faint alkaline reaction to litmus or

is perfectly neutral. After a time, however, when the tubercle germ
has become accustoim-d to its new food, just as a plant must adapt

itself to a new soil, it can be caused to grow upon medium that has

a sligiit acid reaction. When liquid cultures of the tubercle bacilli

hfive been once inoculated and are growing well, it is very much
easier to inoculate fresh culture media from liquid cultures rather

than from the jelly cultures, with which it is always necessarj'to start.

The transference of a particle containing large numbers of the germs
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from the surface of one flask to serve as seed upon tlie surface of

another flask will give what is commonly called a new generation.

As these transfers are usually made every month or six weeks, it is

possible, in the course of a few years, to obtain a germ which is a

direct descendant of the one originally used, ])ut removed from it

by many generations. This continued transference of the bacteria

from one nutrient flask to another has the effect in many cases of

changing some of the properties of the germ. In the laboi-atory of the

Biochemic Division it has been found, in connection with the tubercle

germ, that this fact can be utilized to great advantage. There are in

the laboratory now, and have been for a number of years, the descend-

ants of a tubercle germ which originally caused the death of guinea

pigs in from four to five weeks after they had been inoculated. This

germ, which is now perfectly harmless, was originally obtained from
a specimen of tuberculous sputum. The guinea pigs inoculated

with this sputum died in due time from tuberculosis, and the cultures

made from the diseased organs served as a starting point for a largo

and prolific family. By accustoming this germ gradually to li<iuid

food which had a slight acid reaction, Ave eventually succeeded in

eliminating its ability to produce tuberculosis when it w^as inoculated

into animals. The germs, however, did not lose the property of pro-

ducing or secreting their active poisons—those poisons which form
the active principle of tuberculin. Cultures of this sort, which have
been caused to lose their virulence or pathogenic properties, are called

attenuated, and we have used these attenuated cultures to great

advantage since 1893, both in preparing tuberculin and in treating

animals, or injecting animals for the purpose of protecting them
against an inoculation with virulent tuberculosis or producing in

them a serum which may have curative properties. Virulent cultures

are also used in preparing the tuberculin, and there are always a
number of different generations of varying virulence of tubercle

bacilli on hand in the laboratory.

STERILIZING THE CULTURES.

When the tubercle cultures have grown sul!iciently (PI. IX, fig. 3),

which requires from one month to thi'ee months, depending upon the

readiness with which the growth begins (and this is alwaj'S influenced

by the reaction of the media and the condition of tlie culture from which
the inoculations are made), the flasks witli their contents are re-

moved from the incubator and placed immediately in the sterilizing

oven, which is kept at a temperature of about 125° C. The cul-

tures are left in this oven until they begin to boil. In this way the

germs are killed, and the plugs in the mouth of the flasks may be

removed and the material filtered without any danger of infecting the

workers. Of course, in handling tubercle cultures in sucli largo

quantities there is always some danger of infect ion for the people who
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ai'e doing the work. "When proper care is used this danger is of

practically no importance; but as accidents may occur (flasks be
broken and their contents spilled upon tables or floor or in other

places), it is a matter of impossibility to avoid all danger. But the

discovery that the attenuated germs can be used to advantage for the

prepax'ation of tuberoulin materially reduces the possibility of danger

to the workers in handling this material. After heating the flasks in

the sterilizer the cotton j)lugs are removed and the contents of the

flask heated over a flame to boiling and immediately filtered. The
germs, which are jmcked close together, remain upon the filter paper

and are washed once or twice with a small amount of water. The
filtrate, including the washings, is then evaporated, and may be con-

centrated to any desired volume. As a rule, one-fifth of the quantity

of the original culture is the most convenient point to be reached in

the evaporation. Instead of filtering off the germs and then evapo-

rating the filtrate, the entire contents of the flask may be concentrated

by evaporation and the solution filtered after it has been concentrated.

The results are the same, but the writer's preference is for the first

method.
DILUTION OF TUBERCULIN.

Instead of sending out concentrated tuberculin, it has been found

advisable to dilute it to such a strength that 2 cubic centimeters will

be a suitable dose for the purpose of diagnosing tuberculosis in cattle.

To accomplish this dilution, there is added to the concentrated tuber-

culin glycerin equal to one-fourth the original bulk of the culture liquid.

This is then diluted with one-fourth of 1 per cent carbolic acid, so

that the volume of the tuberculin usually obtained is one-fourth more
than the original quantity of culture media used. In other words,

1,000 cubic centimeters of culture media, after the germ has been

allowed to grow sufficiently long, diluted with the proper amount of

gljxerin and carbolic acid, should give 1,250 cubic centimeters of

tuberculin of such a strength that 2 cubic centimeters would be a

satisfactory dose for testing an animal of 1,000 pounds in weight.

METHODS OF STANDARDIZING TUBERCULIN.

Several methods of standardization of the tuberculin are adopted.

The amount of the tuberculin required to produce a rise of 4" or 5° in

temperature in tuberculous guinea pigs of 1 pound in weight is noted,

or the quantity of tuberculin found necessary to kill a tuberculous

guinea pig; or, again, a standard upon a chemical basis, depending

upon the amount of acid which is produced b}' the growth of the

bacilli, is used. All tubercle cultures after they are well grown show
a decid<'d acid reaction. If the reaction of t.lio media is carefully

noted before inoculation, and again after the growth of the germ, it is

found tliat the amount of acid reaction is increased i)roportionately

to the quantity of the growth. By i)ractico, it is also found that this
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is approximately constant. If tlie value of a tuberculin made from a

culture in which the acid reaction has boon carefully tested is once

noted it serves as a guide for future work.

In practice, it has been found that healthy animals do not give reac-

tions with large doses of tuberculin, and that as a rule tuberculous

animals do not show an apj)reciably higher reaction with large doses

of tuberculin than with medium doses; hence, while the above methods

of standardization are not so accurate as those which would have to

be used in weighing out a very poisonous alkaloid, experience has

shown that they are sufficiently accurate for ordinary work.

If the tuberculin is intended for use upon man, it should, in addi-

tion to the filtration through a fine filter paper, be filtered through

porous porcelain, so as to remove the last possible germ. In the

preparation of tuberculin, however, for use upon animals, especially

when attenuated cultures are used as the source for the material, this

filtration through porcelain is not necessary.

LOSS IN PREPARING AND COST OF TUBERCULIN.

In handling large amounts of culture media for the preparation of

tuberculin there is always a certain amount of unavoidable loss.

Sometimes in the process of inoculation, even with the utmost care, the

flasks will become contaminated by some foreign germ. Sometimes
the contamination maj' not take place until the culture is pretty well

grown. Then it is often due to an imperfect plug or unavoidable

handling of the culture. The quantity of cultures lost depends, of

course, upon the care of the individual in handling them, the care in

inoculation, and the locality in which this work is conducted. All

inoculations of tubercle flasks, as well as other culture media, should

be made in an air that is free from dust, and consequently free from
dangers of contamination. When proper care is used, possibly one-

fourth of 1 per cent of the flasks are lost, but the writer has found that

in the hands of inexperienced individuals 20, 30, and even 50 per cent

of culture flasks may be contaminated. Frequently, as in the case

of tubercle cultures, this contamination can be very readily detected.

So long as the cultures are pure the germs will be found floating upon
the surface of the liquid or at the bottom of the flask, while the rest

of the media will be perfectly clear. The slightest contamination

causes the media to become cloudy; and as soon as this is noted the

flasks should be discarded, as tuberculin should be prepared only

from perfectly pure cultures. In experienced hands the cost of the

preparation of tuberculin is not great. It should be made and sold,

giving a fair profit for the trouble connected with its manufacture,

at not over 5 cents a dose.
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THE METHOD OF USING TUBERCULIN.

The regulations prescribed for nianj- years by the Bureau of Animal
Industry for tlie use of tuberculin in testing cattle are as follows:

DIRECTIOXS FOR USING TUBERCULIN AS PREPARED IN THE BIOCIIEMIC LABORA-
TORY OF THE BUREAU OF ANIMAL INDUSTRY FOR THE DIAGNOSIS OF TUBERCU-
LOSIS IN CATTLE.

The febrile reaction in tnbercnloiis cattle following the subcutaneous injection

of tuberculin begins from six to ten hours after the injection, reaches the maxi-

mum nine to fifteen hours after the injection, and returns to normal eighteen to

twenty-six hours after the injection.

In conducting the test the following coiirse is recommended to those who wish

to obtain the most accurate results:

(1) Begin to take the rectal temperature at G a. m., and take it every hour
thereafter until midnight.

(2) Make the injection at midnight.

(3) Begin to take the temperature next morning at 6 o'clock, and continue as on
preceding day.

To those who have large herds to examine or who are unable to give the time

required by the above directions, the following shortened course is recommended:

(1) Begin to take the temperature at 8 a. m. , and continue every two hours

until 10 p. m. (omitting at 8 p. m. if more convenient).

(2) Make the injection at 10 p. m.

(3) Take the temperature next morning at C or 8 o'clock, and every two hours

thereafter until G or 8 p. m.
Each adult animal should receive 2 cubic centimeters (about 30 minims) of the

undiluted tuberculin as it is sent from the laboratory. Yearlings and two-year-

olds should receive 1 to 1.^ cubic centimeters, according to size. Bulls and very

large animals may receive 8 cubic centimeters. The injection is made beneath the

skin of the neck or shoulders.

There is usually no marked local swelling at the seat of injection.

There is, now and then, uneasiness, trembling, and the more frequent passage

of softened dung. There may also be slight acceleration of the pulse and of the

breathing.

A rise in the temperature on the day following the injection of two or more
degrees F. above the maximum observed on the previous day should be regarded

as an indication of tuberculosis. For any rise less than this a repetition of the

injection after three to six weeks is highly desirable.

In rare cases the temperature may rise in the absence of any disease, or it may
fail to rise when tuberculosis is present.

It is hardly necessary to suggest that, for the convenience of the one making
the test, the animals should not be turned out, but fed and watered in the stable.

It is desirable to make note of the time of feeding and watering.

Charts for reporting to Iho Tiui'oau of Animal Iiulustry results of

tests are always forwarded with the iiiatorial. It is not necessary that

the temperature sliould be taken at the exact hour indicated upon these

charts, but the hours .selected have been considered the most conven-
ient for the test. If the animal is diseased, from six to eiglit hours

after the injection of the tuberculin the temperature begins to rise

from the normal, which in cattle varies from 101° to 102° F., and
should continue to rise until it has reached 105° to 107°. A reaction
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of 2° F. above the normal may be considered as good evidence that

tlie animal is infected with tnberculosis.

When tnbercnlin is to be used upon dairy cattle, a test of tlie same

herd should be made at least once everj' six months. Dairy cows

should be carefully tested by means of tuberculin, and this is required

at present by some of the States. Dairy herds once found free from

disease should not be subjected to the danger of infection by the

introduction of new animals that have not been previously tested

and found perfectly sound. The health of animals and of men is

very largelj'^ dependent upon the use of sanitary precautions and

the enforcement of sanitary regulations, such as can be adopted by

the aid of a definite diagnostic material like tuberculin.

ABSENCE OF DANGER IN THE USE OF TUBERCULIN.

As will readily be seen from the manner of preparation described,

there is not the slightest possible danger of infecting animals or men
with tuberculosis from the use of tuberculin. Tlie cultures are heated

several times to a temperature a great deal above that necessary to

kill the tubercle bacillus, and, in addition, the tuberculin is diluted

with carbolic acid, which is an excellent disiufectant and germicide.

Again, there is no danger of injuring healthy animals even with quite

large doses of tuberculin, as the tuberculin is apparently very readily

eliminated in the feces and urine.

When tuberculin is to be used for diagnosing disease in man, very

much smaller doses are necessary than in the case of animals. From
1 to 3 milligrams are found sufficient in most cases.

The method of injecting tuberculin upon man for diagnosis, as pre-

scribed by Dr. Trudeau, one w^ho has had a great deal of experience

in its use, is as follows:

In applying the tuberculin test, I take the temperature for several days before-

hand, at 8 a. m., 3 p. ni., and 8 p. ra. For the tirst injection, I usually take 1

milligi'ani of Kochs original tuberculin [5 milligrams Bureau tuberculin] , injected

as late as possible at bedtime; then note the temperature every two hours the

next day. If no reaction follows, after an interval of two days I usually inject 3

milligrams [15 milligrams Bureau tuberculin]. In suspected visceral tuberculosis

I usually stop here, but if it is a surgical tuberculosis, where the amount of disease

may be very slight, it is well, perhaps, to try another dose of 5 or (5 milligrams

after another interval. The reaction usually begins from eight to twelve hours

after the injection.

THE DIAGNOSTIC VALUE OF TUBERCULIN.

One of the objections that has often been brought forward against

the use of tuljerculin upon cattle is that it is entirely too delicate;

that by its aid disease is detected in animals which might not have

been dangerous for very many years. It is, however, utterly impos-

sible to tell how soon a very slight case of tuberculosis may develop

into a ver}^ dangerous one, and during this time the animal is tlu^ Ixvst

possible source of infection for other animals. The contagiousness
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of tuberculosis both amoDg animals and men is well established, and,

this ])eing known, animals which are found infected with tuberculosis

in the slightest degree should either be slaughtered and the healthy

portion of the animal used as food, if thoroughly cooked, or better

still, such animals may be isolated and quarantined and used for

breeding purposes, and the calves isolated and fed upon sterilized

milk. Bj' adopting a method of this sort, which is both economical

and i3ractical, the objection so often made that tuberculin does not

give an indication of the character of disease is easily dispensed with.

The moment that the disease is found present, that moment the indi-

vidual becomes dangerous to the rest of the cattle in the herd, and
the necessary precautions should be taken.

In Denmark and in several places in this country the method of

isolating animals infected with tuberculosis and using them for breed-

ing purposes has been pursued with excellent results, and there is no
reason why the same thing may not be done generally in this country.

In some localities this method could not be carried out satisfactor ilj'-,

and then, of course, it becomes necessarj'^ to destroy the animals that

are infected with tuberculosis. Occasionally this may be a hardship

for the owner of the animal, unless the city or State is willing to pay
for the animal a price which would, at any rate, partially reimburse

him for his loss. It is quite as legitimate for this to be done as for

the adoption of any other sanitary regulations which are of importance

for the health of the communit3^
It occasionally happens that animals badly diseased or in an excited

condition from various causes have a high temperature at the time

of injection and will not give a satisfactory^ reaction to tuberculin.

In tlie.se cases, however, the disease is usually so far advanced that

it can be detected very readily upon physical examination. These
exceptions can not be used as objections to the utility of tuberculin,

and do not depreciate its value in the slightest degree. It also occa-

sionally happens that some animals but slightly affected with disease

will not react or animals which upon post-mortem appear perfectly

healthy have shown reaction. The eminent veterinarian Nocard and
others, liowever, claim that, in all cases in which very careful post-

mortem examinations have been made upon animals which had reacted

to the tuberculin tost but did not show marked post-mortem lesions,

they have demonstrated that the germ of the disease was present in

the system and had just begun its development. To prove this tlie

most careful bacteriological examination and inoculation tests are

necessary. The tuberculin test, it is true, is not infallible, but tlie

mistakes that may occur from its use are so few and it is so much
more nearly perfect than any other method that wo have at hand that

for practical ])uri)osos it may bo considered sure. While it may bo

many years before tuberculosis can bo practically eradicated from

herds, and while it would require many stringent State and national

regulations to succeed in stamping it out, nevertheless ])y tlie use of
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tuberculin and proper methods of disinfection of stables and otlier

localities which have been infected by diseased animals it will be pos-

sible in a comparatively short time to greatly reduce the number of

cases of this disease. Dr. Pearson's report to the Pennsylvania board

of health indicates a reduction of 33 per cent in cases of tuberculosis

in that State.

As tuberculosis in animals is reduced so will the disease in man be

proportionately decreased. There is every evidence to j^rove conclu-

sively that man may be infected with tuberculosis by drinking the

milk from tuberculous animals. Recent work, combined with many
experiments that have been conducted in past years, has shown that

the tubercle germ of human origin or the tubercle germ of animal

origin can adapt itself very readily to its surroundings and grow upon
different varieties of media and at different temperatures without its

pathogenic or disease-producing properties being destroyed.

It was claimed for a long time that the human tubercle bacillus was

not pathogenic for birds. Very recently, however, Xocard has .shown

that if a culture of the human bacillus be placed in a collodion sack

and this sack introduced into the peritoneal cavity of a chicken, after

four weeks or more the germ will have assumed the appearance of the

avian bacillus and will have become pathogenic for chickens. Again,

the tubercle germ has been recently isolated from carp. It was dem-

onstrated very conclusively that these carp were infected from the

sputum of a badly tuberculous individual, which sputum was thrown
regularly into the pond occupied by the carp. The germ isolated

from the carp grew at a very much lower temperature than the human
germ, but its origin was undoubtedly human. All this work has

proven very conclusively that the tubercle bacillus found in different

animals may adapt itself very readilj' to different surroundings, may
be accustomed to grow at lower or higher temperatures, and may
eventually grow under conditions that would have been originally

entirely destructive to it. This latter j^oint has been ver^* practically

demonstrated in this laboratorj^ the experiments showing that the

tubercle bacillus can be gradually accustomed to a nutrient liquid

containing glycerin, sodium and potassium phosphate, and ammo-
nium phosphate. "When obtained directlj' from the animal the germ
will not grow on this solution, but b}' cultivating it first upon a

medium which more nearly produces the conditions that the germ
finds in the animal body it can then be transferred to the solution of

mineral salts and caused to grow rapidly and in great abundance.

If such conditions can be produced artificially outside of the body
there is certainly every reason to believe that the germ can very read-

ily adapt itself to changes in temperature and nutrient conditions

that are found in the bodies of different animals and still cause tuber-

culosis.

During the seven years tliat tubercMilin has been picpan-d in this

laboratory for distribution by tlu' Bureau of Animal Indnstry to
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various State officials and experiment stations, the results have been
verygoneralh" satisfactory. Tlioiisands of reports liave been received,

from nearly every State in tlie Union, from Canada and the West
Indies, and from many different sources, and with one or two excep-

tions (exceptions arising ver}^ probably from the fact that the users

of the matei'ial were not experienced in handling it) all have realized

the importance and usefulness of tuberculin.

There have been one or two cases in which it was claimed that the

tuberculin gave misleading results. One maj^ be noted especially. A
supply of tuberculin had been sent from this laboratory in the spring

of the year to a certain State veterinarian who distributed it to some
of his assistants. One of these assistants kept the bottles standing in

his office for several months in the hot sun. He then used some of

their contents to test an animal, which, according to report, passed the

test, and was sold. Subsequently, with another lot of tuberculin, the

animal showed the tuberculin reaction, which diagnosis was i^roved

ui^on post-mortem examination. The doctor to whom this tuberculin

had been sent was requested to forward the bottle from which the

material had been used to this laborator3\ He said that he could not

get this, but sent another bottle from the same lot which had not been
opened but kept under the same conditions. This latter bottle was
kept for some six or eight months, until an opportunity occurred to have
the veterinarian of the District of Columbia use some of it. He was
told that it was old tuberculin, and that nothing was known about its

reliability, but that he could use it upon animals which showed signs

of tuberculosis. This he did, and reported a very characteristic

reaction. The writer feels sure that the failure reported in the first

instance was due to a personal error and not to the tuberculin. .

Contrary to the generally accepted statement, the diluted bottled

tuberculin has often been kept in this laboratory for two or three

years or more without its losing its active properties. In order, how-

ever, to avoid all trouble, the usual recommendation is that the tuber-

culin sent out shall not be used more than six weeks after the date

upon the bottle, which indicates the time when it was diluted in the

laboratory. This may be an unnecessary precaution, but one wliich

seems advisable when the nuiterial is placed with such a large number
of people.

CONCLUSIONS.

In conclusion, it would seem that the preparation of luborculin

should always be conducted under experienced direction. It should

be distributed through some central authority, so that the results

from its use can be collected and tabulated and serve as a source of

general infoiiiiation. It is an invaluable test, and by its use, as has

been demonstrated by several of the States, especially Vermont, it is

certainly p»>ssil>le to reduce very materially tuberculosis among cattle,

and it may be i)ossible to eventually exterminate it.



THE PRINCIPAL INSECTS AFFECTING THE TOBACCO
PLANT.

By L. O. HoWAUi), Ph. D.,

Entomolugist.

INTRODUCTION.

The tobacco plant, although indigenous to America, does not suflPer

so greatly from the attacks of insects in the United States as do others

of our crop plants. It has no insect enemies peculiar to itself, but

every season a certain amount of damage is done b}' insects, and in

some years favorable to insect increase this damage may mean a

serious loss to the planter.

The most comprehensive work upon tobacco insects which has been

publishe<l is in the Italian language, and includes a consideration of

all species which affect this crop, botli in tlie field and in the factorj\

IJut this work treats- largely of European insects, being a special

report of the entomological agiicultu-al experiment station at Flor-

ence, entitled "Animals and insects of growing and dried tobacco,"

by Prof. A. Targioni-Tozzetti. In this country there have been occa-

sional accounts of specific insects in the different agricultural reports

and in the bulletins of the State experiment stations. Prof. II. Gar-

man, of the Kentucky experiment station, in particular, has given

the subject much attention, and has done admirable work in the

important direction of proving the possibility of the practical use of

arsenical mixtures on the tobacco plant. The most comprehensive
article which has yet been prepared in this country is, at the time of

this writing, being printed by the Floi-ida Agi'icullural Experiment
Station as lUilletiu No. 48, with the title "A preliminary report ui)on

the insect enemies of tobacco in Florida," by A. L. Quaintance.

The present i)aper contains accounts of .several tobacco insects not

included in tlie l)ulletin by the Florida author, who, as the title indi-

cates, treats only of the species occurring in Florida, but the writer

defers to Professor (Quaintance in matters of actual tield experience

concerning several of the species, and wishes here to express his

tlianks for advance proof sheets of the bulletin in question, which
have enabled him to make this i)ai)er more complete than it would

otherwise have been.

From the time wlien the seed is sown in the .seed bed to the time

when the tobacco field is plowed under to some late fall croj), the
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tobacco plant is subject to the attacks of several species of insects.

Thronghoiit the tobacco-growing regions of the United States there is

prol)ably no one insect which does more damage to the marketed prod-

uct than the tobacco flea-beetle, or "flea bug," as it is commonly
known to growers (Epitrixparvula). The large horn worms or '

' horn-

blowei-s," also insects of wide' distribution, tobacco growers must
always fight. The bud worm, which maybe either the larva of Helio-

tliis rliexia or of the cotton boll worm or tomato fruit worm or corn-

ear worm, as it is called according as it affects different plants (larva

of Heliothis arrtiiger), attacks and bores into the central leaf roll or

"bud " early in the summer, or later in the season into the seed pods
or into the terminal flower stalk, and even feeds to a certain extent

upon the leaves. Several species of cutworms are liable to occasion

replanting in soil which has not been pioperly treated, and one or

two of them rag the leaves late in the season. Certain wireworms
also are liable to affect the young plant shortly after it is set out.

Two or more species of plant bugs occasionally damage the leaves by
inserting their beaks and sucking the juices, causing a drying and
shriveling of the leaf in much the same way as the harleciuin cabbage
bug injures tlie leaves of cabbage. One of these plant bugs, a small

species, insignificant in appearance, has i-ecently proved to be a seri-

ous enemy to tobacco culture in Florida. Another new insect, and
one which may prove to be a very important factor in tobacco cul-

ture, is the so-called tobacco leaf-miner, or " split worm," an insect

which although first found in North Carolina only two years ago has

since made its appearance in Florida, South Carolina, and southern

Vii-ginia. These comprise tlie principal species damaging growing

tobacco at the present time. There is always a chance, however, that

new insect enemies may make their appearance just as two of those

above mentioned have done in very recent times, and it is safe to say

thatmany of the species which affect solanaceous plants, and especially

the tomato, are liable to transfer their attentions to tlie tobacco crop

under favora])le conditions.

Aftei- the tobacco luis reached the factoi-y, an insect enemj' of impor-

tance, and which is always to be feared, is the cigarette beetle {Lasi-

oderma serricorne), a species which riddles the tobacco leaf, which

bores into or out of manufactured cigarettes and cigars, and which,

when once introduced into a not over cleanly factory, is very diflicult

to eradicate. Two or three other little beetles liave been found in

dried tobacco, namely, the di-ug-store beetle {Sitodrepa panicea) and

the rice weevil (Calandra oryza), but they are not as important as

the cigarette beetle.

It is propo.sed to giv<' in this paix'r a shoit .iccoiiiit of Ihese insects

and oilier species t»f less impoi-taiiee, with some indication of tlie

proper remedies under each, and a concluding paragraph on remedial

work tw » whole.
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THE TOBACCO FLEA-BEETLE.

(Epitrix pannila Fabr.)

This active little insect (fig. 7) may be found in almost any tobacco

field from Arkansas to Florida and north to Connecticut. It is a

minute, oval, reddish-browu species, which occurs upon many sola-

naceous plants, feeding upon tomato, potato, horse nettle, and jimson

weed {Ddliird sfranwninrn). The beetles make their appearance in

July, attacking fii-st the lower and then tiie upper leaves. After they

have fed for awhile the leaf becomes full of small, dry spots and then

of holes about the size of a pin point, which later may become con-

siderably enlarged (fig. 8). When
the crop is cured it is poor and

thin, and frequentlj^ full of small

holes. While the main damage is

done in the beetle condition, the

insect feeds also, in its early stages,

upon the tobacco. Its eggs being

laid at the roots, hatch into minute,

whitish larvae, which feed upon

the roots, and, in the course of

about a month, as ascertained by

Mr. Chittenden, reach full growth,

transform to pupae, and again to

adult beetles. The damage done

to the roots in this way must aff'ect

the health of the plant to a certain

extent, l)ut it is not appreciable in

comparison with the damage which

the adult beetles do to the leaves.

The insect, in its earl}^ stages, is not confined to tobacco, but feeds

also upon the nightshade and the Jimson weed, as also ascertained by
Mr. Chittenden.

It is not alone in the actual damage to Ihe leaves done by the jaws
of the beetle that this insect is injurious to the foliage of tobacco, l)ut

through the further fact that these little holes, even when the punc-
ture is not through the entire thickness of the leaf, become the

entrance points of fungous spores or bacteria, which start a di.sease of

the leaf which frequently damages it much more than the insects

themselves. In moist weather this disease, started by the flea-beetles,

may do considerable damage when the flea-beetles thenuselves are

comparatively scaice.

By some writers the round white spots in the leaves, which are

illustrated in fig. 9, have been considered to result from the initial

work of the tobacco flea-beetle; but, as reported by several workers
Upon fungous diseases, these spots have been shown to be invaded by

F\(i. '.—Kpitrix parmila : a, adult beetle; 6,

larva, lateral view; c, head of larva; d, pos-

terior leg of same; c, anal segment, dorsal

view; /, pupa—a, 6,/ enlarged alKJUt fifteen

times, c, d, e more enlarged (after Chit-

tenden).
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a species of fungus belonging to tlie genus Cercospora, members of

which actually cause leaf diseases upon other plants, and which are

certainly capable of damaging leaves in this Avay without the prelim-

inary insect work. The commonest form of this damage seems to be

caused by Cercospora nicotince, and is known as "frog eye" or "white

speck." Another similar disease known
by the same names occurs in Florida, and

another in Europe, where it is known as

"smallpox." The "white speck" of the

North Carolina planters is said by Ellis

and Everhart to be caused by a fungus

Vinown as Macrosporium tabacinum. Al-

though not i)roved, it is quite possible

that the tobacco flea-beetle is more or less

responsible for, if not the occurrence, at

least the spread of these diseases. There

is a fad for cigar wrappers spotted in this

way. A patent on an ai*tificial method
of imitating these disease spots has lately

been issued.

The writer has visited tobacco fields in

Virginia in which almost every plant was
more or less affected by the tobacco flea-

beetle. The upper leaves were spotted

by their work, particularly near the

edges, and the lower leaves were riddled

with holes and almost covered with the

white fungous spots.

REMEDIES.

Keference will be made later in this

pai)er to the advantage of clean cultiva-

tion in the tobacco fields. The destruc-

tion of weeds, particularly solanaceous

weeds, along the margins of the field, will

l)eof positive benefit in i-educingthe num-

bers of this insect, as well as other tobacco

insects, unless (and tliis suggestion we

make as oiu'of much possible value) it shall

be found feasible to grow a few clumps

of nightshadi^ or Jimson weed as trap crops for the beetles, the plants

to be Ihorouglily jMjisoned in th<^ early summer before the tobacco has

been set out. The lol)ac<'o crop is one of a few which are [U'culiarly

adapted lo this kind of remedial treatment. In the ordinary course

of tobacco culture the weeds are allowed to grow freely about the

margins of the fields. Before the tobacco plants are set out, those

Fl(i. K.—Tobacco leaves (laina^ci'd Ijy

Kpitrix parvulu (uriginal).
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weeds wliicli are secondary food plants of tobacco insects, such as

Solanuni nigrum, Solminm rarolinensc, and Dniura sfrcunoniuui. act

simply as concentrators and multipliers of the tobacco insects, so that

the insects are already in force about the margins of the fields, ready

to transfer their attentions to the younji^and succulent tobacco plants

after they have l)een planted. Fi'om this it is plain that, if the mar-

gins of the fields are kept free from such plants, the insects will not

have as good a start, and will not be present in such great numbers.

It also follows that, if a few attractive weeds are left in clumps, the

flea-beetles and other tobacco insects of the immediate vicinity will

concentrate upon these few weeds, where they can readily be killed,

either by the application of an arsenical poison, if they are gnawing

insects, or of a kerosene emulsion, if they .are sucking insects.

Fig. i).—Loaf spots of old tobacco leaf—slightly reduced (original).

Where preliminary work of this nature has been neglected, and it

becomes necessary to treat the tobacco flea-beetle in the tol)ac('0 field,

we are prepared to heartily recommend the use of arsenical poisons.

Small as the insect is, and much as its initial work looks like the

puncture of a beak rathei- than the nibbling of a i)air of jaws, it is a

true biting or gnawing insect; therefoi-e, if the leaves be treated, even
with a minute quantity of an arsenical poison, the insect will be

reached by it in the act of eating the leaf, and will be destroyed.

This is not as satisfactory a moans of killing the insect as the pre-

ventive mentioned above, foi- the reason that, in order to get its dose

of the poison, the insect must damage the leaf to a certain extent,

and as there is a constant succession of new boeth^s, the leaves will

become damaged more or less, e\en though the insects be destroyed;
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still, it prevents an}' great damage, and insects thus poisoned are out

of the way for good, both as regards future damage by the individual

and by its otherwise possible offspring.

When the idea of poisoning the tobacco leaf was first suggested it

met with considerable opposition. It was feared that the persistence

of the poison might render the tobacco dangerous to the human con-

sumer. This fear still exists in many quarters; in fact, the average

smoker, and, still more, the average chewer, would hardly fancy the

Fig. 10.—Northern tobacco worm, or '"horn worm" (Prolnpar ceceleus): a, jKiult moth; />. full-

grown larva; c, pupa—natural .size (original).

idea that liis t()l)ac('() had, at any time, boon treated with arsenic.

The same f(*oling, howevei', existed when Paris groon was first used

on the potato crop for the Colorado potato beetle. It was expressed

when fruit growers began to spray apple trees for the codling moth,

and it still rcunains in regard to the use of arsenicals upon cabbages,

in spite of the fact that most cabbage growers are using them, and
that it has been repeatedly shown that the quantity of poison which

is eflfectivo is so infinitosimally small that, not the least possible harm
(•Mil result to the consumer. The same holds witli regard to tobacco.
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Careful experimentation by Professor Garrnan in Kentucky and the

experience of practical tobacco growers in Kentucky and South Caro-

lina have shown that, properl^^used, no possible harm can result from

the application of an arsenical poison. Summarizin<jf from the prac-

tical experience on record, it is the opinion of the writer that Paris

green, in the proportion of 1 pound to 125 gallons of water, is the

proper mixture to applj^ to tobacco plants. Used at this strength, it

will not kill all of the flea-beetles, but it will greatly reduce their

numbers. It will also be efficacious at this strength against the

3'oung caterpillars of the horn worm, or hornblower, and against sun-

FiC! 11.—Southern tolmcco worm (Protoparce Carolina): a, adult moth; 6, full grown larva:

f\ pupa—n<atural size (original).

dry other tobacco insects, as will later be shown. In the dry state, it

may be mixed with twenty parts of spoiled flour or any fine dust,

such as road dust, and dusted on the plants from one of the machines
known as powder guns, or from a coarse cloth bag or sack.

After the available portions of the plants are cut in the fall, and
the planter is ready to plow his fields to small grain or some other

crop, thei-e will be a positive advantage in treating the i)ortions of

the plants left in the field with a considerably stronger arsenical mix-

ture. This, in the warm days of autumn, will kill the insects remain-

ing in the fields, many of which would otiierwise have succes.sfully

hibernated and i)ut in an appearance ready for destructive work the
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foUowinjj: season. The writer was particularly struck with this point

the first week in November in southern Virjjinia The tobacco crop

liad been entirely liarvested, but no killing frosts liad occurred. The
days were warm and sunny and the nights i-old. On the i-emaining

portions of the tobacco plants in the fields Avere manj^ flea-beetles,

bud worms, and cutworms, which, a week or so later, would have

entered hil)ernating quarters. Just at this time, with a slight expend-

itui'e of energy, the useless remnants of the tobacco i)lants could have

been poisoned, and practically all of these insects destroyed, much to

the advantage of next year's crop.

THE TOBACCO HORN WORMS, OR HORNBLOWERS.

{Protoparce Carolina Linn, and Profoparcc cclciis Hiibn.)

There are two species of large sphinx moths whose larva% or cater-

pillars, eat the leaves of tobacco, tomato, and allied plants, includ-

ing, occasionally, the Irish potato. These caterpillars, from the fact

that each bears upon one

of the posterior segments

of its body a rather stout,

curved horn, have become
popularly known as horn

Fio. 12.—Southern tobacco worm dead and shrivelefl from
rrii • + ii^

bacterial disease-natural size (original). WOrmS. 1 hlS term llOI'n

worm " has, in some incom-

prehensible way, been corrupted into "hornblower" in Maryland and

Virginia, where it is applied to the adult moth.

Tobacco growers do not distinguish between the two different kinds

of horn worms, and for practical purposes it is not in the hnist neces-

sary that they should distinguish them. As a matt(;r of general inter-

est, however, it may be stated that the horn on the end of the body

of Carolina is red, while that of celeus is black. Both are green in

color, with oblique white stripes on the sides of the body. These

white stripes extend farther up on the back with the caterpillar of

cnrolhm than the> do with the caterpillar of celeus. The curious

brown pupa into which the caterpillar transforms, which is found

under the surface of the ground, and which is at once recognized hy

the handle-shaped process wiiich issues from the top of tlie head, is

distinguished in the two species by the fact that the handle-shaped

l)rocess, which is really the tongue case, is much longer with the pupa

of celeus than it is with the pupa of Carolina.^ From these pupa% or

chrysalids, issue the adult moths. The moths of the two species may
b<' distinguislied from the fax^t that carnllna is darker, and theorango

spots along the sides of the body ai-e more vivid, whih' the center of

the hind wings of celeus beai-s two disliMet, /ig/.ag lines, whicli in

roroliun becom<! blurred, d<irken<'<l, and indistinct. All of these

points ai-e plaiidy bronghtout in tigs, lo ;in<l 11.

'The figures of both Hani.s iuid (rlovrr are niisleadini^ on tliis point.
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Botli of tlicse insects occur inoie or loss {ibundantly in the toljacco

fields over the entire tobacco-fjjrowiiijLi: rcj^ions of th«j United States.

In certain localities one species will b(Muuch more abundant than the

other, and in other localities the numbers will be more evenly divided.

In general, it may be said that celeus is the more northern species, and

is found more abundantly in the more northern tobacco fields, wliile

farther south Carolina is apt to be much the more common. In the

tobacco-growing regions of Connecticut, for example, according to

Professor Fernald, celeus is the more common tobacco worm, wliile in

Florida the reverse condition holds. Both si^ecies occur from Canada
to Florida, and as the region of tobacco culture fails in the North,

both species feed upon tomato. Carolina extends its range into the

West Indies and South America, but celeus is not found south of

Florida.

The life histories of both species are ijractically identical. Vary-

ing in date, accoi-ding to the climnte, the moths make their appear-

ance, working their way out of the underground pup*, or chrysalids,

from May 1 well on into June, pair, and lay their eggs singly on the

undersides of the leaves. The young caterpillars hatch from these

eggs, wliich, by the way, are laid In the dusk of the evening, in from

four to eight days; according to Professor Al wood's observation of

Carolina. In the course of their growth they cast their skin four

times, and in less than a month become full gnjwn, burrow into the

soil, and transform to pupse.

The number of generations in a year varies in different localities.

In the greater part of the tobacco-growing region planters have i-ecog-

nized that there are two "crops" of the worms. This holds in por-

tions of Maryland. At Blacksburg, Va., Professor Alwood has found

that one "crop" is normal, and that there are occasional indications

of a second "crop,"or generation. In Florida, where the moths make
their appearance early in May, according to Professor Quaintance, the

first generation of caterpillars is not particularly destructive, but the

second generation, which appears during July, causes the most dam-
age. A third generation is normal, and probably a fourth, although

in Jnly caterpillars of various sizes may be found in the fields at one
time. The retardation of development in some Individuals, and ac-

celeration in others, bring about an intermingling of generations, which
is always marked in insects in the South where the number of genera-

tions exceeds three. In Cuba, where the Carolina horn worm is said

to be a severe pest to the tobacco industry, there is probably an even
larger number of generations.

Actual damage done by horn worms vai-ies greatly in dilTerent

seasons. Frequently, for a number of years, they will not be too

abundant to be kept down readily by hand picking, and then will

come a season in which they are so numerous that it is very diHieult

to save the crop without incurring a i)rohibitive expense. ^Vgaiu,

1 a98 U
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comparative immuuity during one snmnier will bo followed by con-

siderable dania.ijco the next. Professor Gannan, in Bulletin No. 66 of

the Kentucky Agricultural Experiment Station, states that the sum-
mer of 1896 was one of extraordinary abundance. The horn worms
"were present on both tobacco and tomato in myriads, and proved so

destructive that some fields of tobacco were abandoned and in the

fall presented only a wilderness of stems and midribs of leaves. In

such fields as many as five worms, representing both species, were

frequent!}^ observed on a single plant. Their advent was so sudden
that before the seriousness of the outbi-eak was realized tobacco that

had been the pride of the owner and showed scarcely a mutilated leaf

was severely injured. It was near cutting time when they became
most abundant, and some growers preferred to cut their tobacco as

the best means of saving it. On suckers in fields and on abandoned
tobacco the worms remained until frosts killed the plants. Large

numbers of both species were collected in October fi-om such tobacco,

and they were observed in fields until October 12."

Both kinds of horn worms are extremely subject to disease and to

the attacks of natural enemies. Caterpillars which ai'e observed to

turn dark in color are attacked by a bacterial disease, wliich invariably

results in their death (fig. 12). Certain parasitic insects attack others,

and all tobacco growers are familiar with the appearance of a horn

worm partly or entirely covered with little, white, oval cocoons. Such
specimens should not be crushed, since the cocoons are made by one
of the most important of the parasites of these larvsB, which, if allowed

to emerge undisturbed, will increase the mortality among the cater-

pillars. Others may occasionally bo noticed bearing very minute, oval,

white eggs sticking closely to the skin. These are the eggs of a Tachina
fly, and the maggots which hatch from these eggs bore into the cater-

pillar and eventually destroy it.

REMEmES.

Itwill be unnecessary to repeat what has been said undei- the head
of "The tobacco flea-beetle" concerning the use of arsenical poisons.

When the first generation of horn worms appears (and each tobacco

grower must determine the approximate date from observation in his

own fields), an application of Paris green, either dry or in the li<iuid

form, as elsewhere described, is by far the best remedy when the

insects are numerous. In ordinary seasons and in certain localities

the tobacco ci-o[) will not suffer so severely that it can not bo protected

l)y the ordinary pro(!ess of hand picking, or "worming," as it is called.

Most conservative tobacco planters send their hands through the

fields to i)ick off tlie caterpillars and crush them, and rely upon no
other remedial woik.

Th<^ adult moth possesses a long beak, lluough which it sucks the

nectar of flowers, being attracted especially to the sweetest flowers
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and those possessing a long, tubular corolla, like the honeysuckle and

the morning-glory and the flowerof th(3 Jamestown, or " jimson " weed.

Many years ago it occurred to an observing planter that the jimson-

weed flowers might be poisoned to advantage, and from this sugges-

tion has grown up the custom in cci'tain parts of the countiy of squirt-

ing into the flowers of the jimson weeds growing in the immediate

vicinity of the tobacco fields a certain amount of sweetened water

poisoned with cobalt or "fly stone." A modification of this process,

described by Professor Quaintance, is as follows: "In the evening a

quantity of the bloom of the jimson weed is procured and is placed

promiscuously through the field under lioles in horizontal slats,

supported by sticks or otherwise, and into the flowers is placed, by
means of a quill, a small quantity of this poisoned mixture. This poi-

son should be of about the following proportions: Cobalt, one ounce;

molasses or honey, one-fourth pint; water, one pint." This practice

is so well understood among tobacco growers that it is hardly worth

detailed mention, except to state that experiments at the Louisiana

experiment station and elsewhere have proved that it is effective as a

palliative. At the experiment station just mentioned jimson weed
was grown for this purpose, and the writer remembers a doleful com-

plaint by the director of this station some years ago to the effect that

his farming visitors interfered with the experiment, since their horror

of weeds was so great that, in passing through his grounds, they pulled

up the jimson weeds and spoiled his experiment.

Many years ago Townend (ilover, the first entomologist of the

Department, in mentioning this method of catching the moths of the

horn worm, suggested the manufacture of artificial porcelain or tin

jimson flowers, which would be perennial in the highest degree and
could be poisoned year after year. The writer is not informed,

however, as to whether this suggestion has ever been followed.

A sweetened preparation, poisoned with arsenic, however, has been
tried in Maryland by Prof. W. G. Johnson during the past year. The
material w^as placed in wooden pails, perforated near the bottom and
set in granite pans, into which the poisonous liquid was leached.

These traps or decoys were set upon stakes about the field a little

higher than the tops of the tobacco. Although the experiment
appeared to be successful, Professor Johnson reserves his final con-

clusions until he has had an opportunity to make further tests another

year.

Most tobacco growers have learned by experience the necessity of

carefully removing the worms from the leaves after or during cutting

and before they are carried into the barn, since otlierwise they will

continue to feed in the barn on the drjing leaves. Where such care

has not been exercised, the evaporation of bisulphide of carbon in the

barn, in accordance with the directions and with the jirecautions whicli

will be described under the head of remedies for the cigarette beetle,
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Fi«. V-i.—The true bud worm (llelinthis rhexiti): a,

adult moth; 6, full-f?rown larva, from side; c,

same, from above ; d, Ke<'d pod bored into by larva;

e, pupa—natural size (original).

Mill kill tlie worms before lliey can do further damage, and the quality

of the tobacco, as we have proved l)y experiment, will not be injured

in the least, tlu^ i-everse being the case when the smoke from a dan'ip

wood fire is used, as it is some-

times for this i)Uipose.

THE BUD WORMS.

(Ileiiotliis rhexia S. & A. and Ilelio-

this armiger Htibn.)

Just as there are two distinct

though very similar insects

known as liorn worms, so there

are also two distinct and rather

similar insects known as bud
worms, which occur frequently

together in the same field and

work in a somewhat similar

manner. We shall take the liberty of distinguishing between them

by calling (me the true bud worm and the other the false bud worm.

The true bud worm {Helio-

tliis rhexia) occurs in the more ^nw V^

southern portions of the to-

bacco-growing i'(igions,but has

not been noted in tobacco

fields north of Maryland. The
adult insect is a small, green-

ish moth, well illustrated in

fig. 13. The larva or cater-

pillar of this moth, also char-

acterisf ioally shown in fig. 13,

is nearly always found in the

bud of the tobacco plant about

the time the plant is leady

to top. In some seasons they

occur in large numbers and

damagi! the tobacco (Consider-

ably. In the early part of the

season, as a general thing, but

few of them are found/ and

in ordinary seasons they are

not especially noticed during

the early "worming" of the

tobacco. In August they be-

gin to be more abundant, and generally leave the plant about the end

of the month, entering the ground, transforming to i)upa' and issuing

as moths toward the end of Septoml)er. These dates are Virginia

Fi(J. H. Falao Inul worm or cotton ImjII worm
(Hcliotliis armiyer): a, adult motli; /), dark full-

grown lurva; c, light-colorod full-grown larva;

d, pupa—natural bIzo (original).
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Fig. 15.—Work of full-grown

false bud worm in flower

stem—reduced (original.)

dates, but hold reasonably well as far south as Mississippi. As just

stated, the greatest daina<j:e done by this insect is by tlie Auj^ust

brood, when it enters the rolled -up leaves or

bud of the plant. In September and October

the next generation of catei'pillars is found

boring into the seed pod and occasionally

into the flower stem. We have received the

insect at A-arious dates from July 10 to the

end of August from Virginia, Geoi-gia, Ala-

bama, and IMississippi. The worst account
of damage which has come to ns was re-

ceived in July,

1888, from Mr.

J. S. Barnwell,

of Darien, Ga.,

who said that in

general this bud
worm damaged
his tobacco more
than the horn

worm. When
young it occur-

red abundantly in the buds and ate so

manj'^ holes through the young leaves as

to render them unfit for wrappers.

The caterpillars of the last fall genera-

tion enter the ground and hiber-

nate as pupse. The insect has

several other food x^l^i^nts aside

from cotton, but its most abun-

dant food in the South is the weed
known as ground cherry {Physalis

viscosa). It has been found on

several solanaceous weeds, as well

as upon cultivated geranium.

The species which we have called

the false bud worm (fig. 14) is the

same caterpillar which, when oc-

curring upon cotton, is called the

"cotton boll worm ;

" upon tomato,

the "tomato fruit worm," and
ui)on corn, the "corn-ear worm."
It is the larva of Heliothis armujer,

a cosmopolitan species of varied

food habits, and which, as its dif-

ferent popular names denote, has a de.struetive propensity for Ixtiing

into anything like a pod. Fortunately, tobacco is not a preferred

Fiu. It!.—Work of young fal.so bud
worm—reduced (original).

Fuj. 1".—Work of false bud worm in seed pods-

reduced (original).
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food plant. The insect lives on corn until the ears are too hard for

easy attack, and then transfers its attention to other plants. From
this it results that it is usually only late in the season that the larvse

are found upon tobacco. Here it works much as does the true bud
worm, boring into the seed pods and into the flower stalks, as indi-

cated in figs. 15, 16, and 17, and also, more rarely, feeding upon the

leaves. These remarks hold for Virginia. In Florida, however,

according to Mr. Quaintance, the principal damage is done by these

caterpillars during the early part of the year, when they do not have

corn or cotton to feed upon. The eggs are deposited in the bud, and

the larvae do very serious harm by feeding on the young and as yet

unfolded leaves. A large worm may quite devour a bud. In color

and markings the false bud worm is one of the most variable of cater-

pillars. On tobacco the writer has found specimens of a uniform,

light green color, without spot or stripe, and others the general effect

of which was nearly black. Between these two extremes many vari-

ations occur. This insect, like the true bud worm, passes the winter

in the pupa condition under the surface of the ground.

REMEDIES.

The arsenical spray recommended for the flea-beetle and for the

horn worms will also be efficacious, to a certain degree, against the

bud worms, but in Florida Mr. Quaintance has found it desirable to

make a specific treatment for these insects, which, when they are very

numerous, may be advisable, although it necessitates considerable

trouble. He recommends sprinkling poisoned corn meal in the bud.

He adds a half teaspoonful of Paris green to a quart of finely-ground

corn meal, which is thoroughly mixed by stirring. He then makes a

sprinkler of a baking-powder can, in the bottom of which numerous
holes have been punched, so that when it is shaken the poisoned corn

meal may be peppered over the bud. He advises that the poison

should be frequently applied, and after heavy rains.

With these, as with other tobacco insects, there is much to be

gained by clean culture, in keeping down the weeds on which the

insects feed, and also by careful attention to corn and tomatoes which

may be growing in the vicinity. Late fall plowing is onicacious against

both species by brenking up the little earthen cells in which the pupa'

are found under the ground, thus exposing them to the action of

frosts.

THE NEW TOBACCO BUG, OR "SUCK-FLV."

{Dicyphus minimus Uhler.

)

This insect is not only new as a tobacco enemy but is new to science,

and was named and described by Professor Uhler in November, 1898.

'I'lic specimens from whirh the description is drawn were received at

the (>nice of the Knloiiiologist fntni Fh)rida, but Professor Diler had

previously received specimens from Louisiana, Texas, Mississii)pi, and

Alabama, witli an account from the latter State tliat it feeds upon
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tomatoes. It was first brought to the writer's attention in July, 1808,

by Mr. T. A. Carroll, of Gainesville, Fla. Specimens wliicli were

received at that time were fed here upon tobacco through the renuiinder

of the season. The eggs have not been found, but two generations

developed between July and the killing frosts, on which date the bugs

disappeared, hiding away in the full-grown condition for hibernation.

The different stages of growth observed are shown in fig. 18. The
species has been studied to better advantage in the field by Mr.

Quaintance in P^lorida, who considers it a serious enemy of the crop.

Fio. 18.—Tho "suck-fly" (Dicyphiis minimus): rt, nowly batched; b, second stage; c, nymph; d,

adult; e, head and beak from side—enlarged (original).

and States that it has been known to growers in Columbia County for

the past ten years. The first crop is generally not damaged to anj'

serious extent, but the second crop and late tobacco are frequently

quite destroyed. Mi-. Quaintance also states that the insects make
their appearance in injurious iiuiiilx'is during the first and second

weeks in June, and that the full-grown bugs are first noticed in some
restricted portion of the field, as on the plants in one coriu>r, from

which they gradually move over the field. They liave been ohsci'ved

on neglected tobacco as late as November 22.
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The insects damage the leaf by sucking the cell sap through their

beaks. The infested leaf soon becomes yellowish in color and some-

what wilted, and the older leaves eventually split in places, so that

tli^v become very ragged. The immature specimens of the bug live

on the underside of the leaves, but the adults live both above and
below. Tlie full-grown specimens are partial to shade, and may be

observed feeding close to the margin of a shade thrown by an over-

hanging leaf. Experienced tobacco growers say that leaves which

have been badlj' infested with the " suck-fly" are very difficult, if not

impossible, to properly cure. Mr. Quaintance says that the eggs are

deposited singly in the tissues of the leaf, and mainly in the smaller

veinlets. He finds that the egg state lasts about four da3^s, and that

in Florida the entire life cycle of a given generation is onlj' about

fifteen daj^s. He was unable to keep the adult insect alive in a breed-

ing cage for more than six days, but we have kept them in Washing-
ton City for at least a month.

REMEDIES.

This, again, is an insect against which clean culture will be reason-

ably effective. A thorough cleaning up of the fields and burning of

the trash in the autumn are measures which should l)e adopted when
the insect is abundant. Actual test experipients with different insec-

ticides were made by Mr. Quaintance, who found that a concentrated

solution of nicotine, diluted with sixty parts of water, will kill a large

proportion of the full-grown insects and many of the young. He
advises that this spray be applied early in the morning, as at tliat

time the insects are less active. Pearly set trap plants will probably

be an advantage in concentrating the hibernating insects, so that

they can be readily killed.

OTHER SUCKING BUGS.

Several true bugs, which damage the leaves by inserting their beaks

and sucking the Juices, causing a shriveling or drying of the leaf in

the sanu? way as the harlequin cabbage bug injures the leaves of the

cabbage, are found in the tobacco fields. Several of these plant bugs

are known indilferently to tobacco planters as "stink bugs," on account

of the (lisagrceable odor which they give out. We have never known
any of them to be a very serious factor in tobacco growing.

One of the commonest of these bugs in the more northern portions

of the cotton belt is P(i'riIor[/stus fh'ffusus Uhler. This insect is found

in all seasons of the year, and when verj' abundant the remedies rec-

ommen«led against the "suck-fly" maj^be used. The writer has found

it very abundant and in all stages of growth in Virginia tobacco fields

aslato as November.

Another species is a green bug shown at fig. 11', and which is known
scientifically as Euschuitus variolarius. This is a species which was
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found by Professor Garman wilting plants in an exiierimental plat of

tobacco at the Kentucky Agi'icultucal Expciinicnt Station in llic suin-

mer of 1890, and which is

suspected to have done more
or less damage over quite a

wide extent of country that

season.

An interesting little bug
of the family Scutelleridai,

viz, Corimelce-na extensa

Uhl., has been found dam-
aging native tobacco at

Cedar Ranch, Ariz., by
Prof. C. 11. T. Townsend.

It is reported to be the only

member of its familj^ Avhich lives upon tobacco, and as Professor

Townsend found it to bo very abundant, it is probably an important

future enemy to the tobacco crop, especially if tobacco culture increases

in the Southwest.

Fig. 10.

—

KtiscliiHtiis varinlarius: nymph at left; adnlt
at right—enlarged (original).

THE TOBACCO LEAF-MINER OR "SPLIT WORM."

{Gelechia solanella Boisd.)

This insect, which is also comparatively new in this country as a

tobacco insect, was first brought to the writer's attention as an enemy
to this plant early in 189G by Prof. Gerald McCarthy, formerly of the

North Carolina experiment station. The adult insect is a minute,

grayish moth, shown in fig. 20. Its eggs are laid upon the leaves,

and the minute caterpillar

bores between the surfaces

of the leaf, making a flat

mine, often of consider-

able size, with a gray dis-

coloration visible from
both sides of the leaf.

Fre(iucntly there is a dis-

tortion wlicn the mim^ oc-

curs near a large vein, as

shown in fig. 21. There
are two or more genera-

tions in the course of the

summer, and the insect is

more noticeable in the autumn than at an earlier date. Down to the

present year the insect was known to occur as a tobacco insect in tliis

country in North Carolina only, the exact locality not having been given

to us by Professor ^IcCarthy, nor did h(» mention it in the little account

of the insect which was published in IJuUetin No. 141, of the North

Fi a. 2().—Tobacco split worm: adult moth abovo; larva
below at right; pupa below at left, with side view of

enlarged anal segment—all enlarged (original).
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Carolina Agricultural Experiment Station. Duritiij: the present year,

howevei", Mr. (^uaintanee has fotiiul tlie insect damaging tobacco in

many localities in Florida, and the writer discovered it mining tobacco

leaves in Pittsylvania County, Va. Specimens have also been re-

ceived from Mr. J. J. Wolfe, of Sandy Run, Lexington County, S. C,
who states that he was troubled the past season by this insect, which
made its apjiearance early and increased its damage as the season

advanced. The writer of this paper is indebted

to Mr. Wolfe for the characteristic name of

"split worm," by which he states the insect is

commonly known in his vicinity. He also states

that during the past year it did more damage in

his neighborhood than all other insects combined.

When Professor McCarthy first sent this insect

to the Entomologist for identification, there was
found to be some difficulty in ascertaining just

what it was. On consulting a specialist in the

group of insects to which this one belongs, it was
decided to be Geleckia piscipelUs of Zeller, an
insect which has been reared in this country from

the common horse nettle or ball nettle {Solanum
carol i)i en se), and under this name it was treated

in the North Carolina bulletin by JNIi-. McCarthj'^,

and in the Florida bulletin by Mr. Quaintance.

A more careful study was given to the insect,

however, during the preparation of this paper,

and a great similarity was noticed between it and

an insect which has been known as the potato

tuber moth, an article on which was published in

Insect Life (Vol. IV, p. 239 to 242), and which,

after being recorded as damaging the tubers of

the Irish potato in Algeria, Australia, and New
Zealand, made its appeai-ance in ])ortionsof Cali-

fornia, also working in potato tubers; in fact,

the only difference noted in the series reared

from potato tubers from California and from

tobacco leaves in Noi'th Carolina was a general

difference in size. On (•omi)arison of the larva'

and pupa' fi'om the two food plants these also

were f(»und to be idcintical.

To settle the matter beyond all question, a series of the moths from

potato and tobacco wen; sent to Lord Walsingham, the English author-

ity on tin; inseclsof this group, wlio conlii'incd our surmise as to their

identity; and the tobacco leaf-miner must now hr known as GeJcchia

sohnieUd r.oisduval. It transpires also that the same insect has

been observe<l injuring tobacco in New South Wales " by burrowing

Ftn. 21.—Work of tplit

worm— refluced(oriKinal ).
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within the stems and larger branches; " ' that it also occurs in tobacco

in Algeria, and that it has also been descriVjcd under the different

name {Gelecliia tabacella liagonot) as injui-ing tobacco in Algeria.

In this country it has also been observed by Professor McCarthy as

mining in the leaves of horse nettle {Solanum carolinense) on the

margins of tobacco fields, and is recorded by Mr. Quaintance as min-

ing in the leaves of tomato and in the leaves and boring into the

fruit of the eggplant. We have, therefore, as its food plants, potato,

tobacco, hoi'se nettle, tomato, and eggplant; and as its localities, ea-st-

ern Australia, New Zealand, California, Colorado, Florida, South

Carolina, North Carolina, and Virginia.

In Florida the leaf-miners make their appearance about the last of

May, and are said to occur as late as October. There are several

generations each year. In southern Virginia the writer found full-

grown larva3 in the lower leaves of tobacco i)lants about the margins

of the fields as late as November 2. The insect was not known to

tobacco growers in that vicinity, and when one prominent and excep-

tionally well-informed tobacco planter was shown these leaf blotches

he said :

'

' That is not the work of an insect, but is what we call

'wet weather rot,'" and appeared surprised when the writer pulled

apart the two surfaces of the leaf and showed him the little worm.

At that season of the year the little mining caterpillar was something

over a quarter of an inch in length and of a dull greenish color, with

darker head and thorax.
REMEDIES.

Professor Quaintance has shown that in Florida this leaf-miner,

when feeding, does not pass its entire life in one place, but after eat-

ing for awhile it will gnaw to the outside, and then crawling around

over the leaf, will finally enter the tissue again in a new place. From
tills habit of the insect, it at once becomes evident that it will l)e sub-

ject to destruction by an arsenical spray, just as are the caterpillars

which uniformly feed externally upon the leaves. Moreover, from

the fact that in Virginia and North Carolina it is frequently well on
into July before the tobacco crop is planted out, the earh' generation

of the insect must be j)assed in some other food plant. "Where horse

nettles are present in the vicinity of the fields the insects will feed in

the leaves of this plant, and the second generation will attack the

tobacco fields. The destruction of all horse nettles, tlien, about June 1,

will be a practical measure which will reduce the numbers of the

split worms in tobacco to a minimum.
Although this insect has not been found in the nightshade and the

jims(m weed, it is altogether likely that it will also attack these weeds,

and their destruction, therefore, is equally to be recommended.
The insect doubtless passes the winter in the leaves as a larva or a

pupa, and the advisability of destroying old, blotched leaves which

' A. S. Olliff, Agr. Gaz., N. S. W., September, 1892.
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have no value is at once evident. Clean cuiture in this direction

is advisable on other grounds, and is certainly desirable as a means

of reducing the numbers of this species.

The partial synonymy furnished to the writei- by Lord Walsingham

is as follows:

Solanella, Bdv.

Gelechia terrella, ' Wkr. Cat. Lp. Ins. B. M. , XXX, 1034 ( 1864) . Bryotropha sola-

nelht Bdv., J. B. Soc. Cent. Hort. 1874: Rap;. Bull. Soc. Ent. Fr. 1875, XXXV-
XXXVII. Gelechia tabacdla. Rag. Bull. Soc. Ent. Fr. 1879, CXLVI-CXLVII.
Geh'chia solaneUa.Ueyr. Pv. Lin. Soc. N. S. W., 112 (1879); N. Z. Jr. Sc.,II, 590

(1885). Lifa fabacelhi. Rag. Bull. Soc. Ent. Fr. 1885, CXI-CXII. Gelechia sola-

nella. Meyr. Tr. N. Z. Inst., XVIII, 166-7 (1886). Lita solanella (OmS) , Agr.

Gaz. N, S. W., II, 158-9 (1891).

CUTWORMS.

Tobacco is no less subject to the attacks of cutworms than are many
other crops. Grown in seed beds, as it is, and set out in newly plowed

fields in the summer, the plants are naturally attacked by the hungry

worms, which for some days at least had existed in the soil deprived

of food. It is a common experience with tobacco growers, as well

as other agricultur-

ists, that cutworms
are always more
numerous in fields

left in fallow for a

period before being

planted to certain

crops. There is a

greater variety of

vegetation in such

fields, and the

mollis which lay

the eggs which pro-

duce the cutworms

are moi-e apt to be

attracted. Tobacco
groweis who liave

planted Iheir fields

to clover after the

FlO. 22.—Peri(lromin8nucia: o, adult; b.c.d, full-prrown larvip; r, /,

eggs—all natural size except <-,which is greatly onhirgecKoriginal).

removal of the tobacco crop are also apt to find that there are plenty

of cutworms present the following season. Those who plant winter

grain, however, find that the following crop is less liable to damage

by cutworms. This indicates the relative value of different crop-

ping uM^tliods. It is a coniparatively simple mat1(M-, however, to rid a

field of cut worms l)efore planting oiit th(> tobacco, and as a measure of

safety this course may be followed to advantage. After the field is

Oldest name but a homonym.
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Fig. 23.—Af/rostis ypsiloit, one of the tobacco

cutworms: «, larva; 0. head of same; c,

adult—natural size (original).

plowed and is bare of vegetation and ready for planting, if the tobacco

grower will tlioroiighh' spray a patch of grass or weeds wilh Paris green

and water, and will then cut it and (lro[) it in litlh; bimciies liere and

there throughout the tobacco field, he will find that the cutworms in

the soil, in the absence of other food, will eat this cut poisoned vege-

tation and will be destroyed, so that

the tobacco plants can be set out

without fear of damage.

Without such preventive treat-

ment (and especially when, as indi-

cated above, the land has grown up
with weeds, grass, and other wild

vegetation) before the planting out

of the tobacco crop, the result will

frequently be the cutting down by
the cutworms of a large proportion

of the tobacco plants; and the

writer has known of instances

where more than one-half of the

crop had to be replanted.

Some farmers, instead of a poi-

soned trap of green vegetation, prefer the so-called bran-arsenic mash,

which originally came into use as a remed}^ against insects in Cali-

fornia, where it was successfully used against the California devastat-

ing grasshopi)er. It was first tried against cutworms in California

also successfully. In the East it has been used against cutworms
affecting different crops, and with the greatest success in southern

Virginia against the Amer-
ican locust or grasshopper. In

the tobacco field it has also

been successfully used against

cutworms in Florida. The
bait, or mash, is preparcMl by
thoroughly mixing Paris green

and bran at the rate of 1 pound
of Paris green to 50 or 75

ixuinds of bi-an. Just before

using, it should be moistened

slightly with water and sweet-

ened witli molasses. The
Florida custom is to put a

small ring of the poisoned mixture* around each newly set plant, or to

place a teaspoonful at two or three different places. Cutworms pre-

fer this poisoned mash even to green vegetation. It should be

renewed frequently, and fowls or live stock should not be allowed

access to it. Mr. Quaintance recommends that where seed beds are

Fio. 2i. —Ai/roxti.i aiDicni; n, larvu. ., , i.mjic

adult—natural size (A, original; others from Ann
Kept. U. S. Dept. Agr.,18'J4).
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badly infested with cutworms the poisoned bran should be drilled

along in various parts of the bed where it will be readily accessible

to them. The bran-arsenic mash produces the best results when it

is used as we have recommended for the poisoned-vegetation trap

to rid the land of cutworms before tlie tobacco plants are transferred

from seed bed to field. In this ease tlie land is prepared before-

hand, and a little of the mash is dropped in the drill near the place

where the plant will be set. Prof. W. G. Johnson recommends that

this should be done from
three to five daj's before the

plants are set out.

A number of different spe-

cies of cutworms may be

concerned in this damage,
and some of the character-

istic forms which have ac-

tually been found in the to-

bacco field are illustrated in

figs. 22, 23, and 24.

_^ ^ OTHER TOBACCO LEAF-

*^J^'l:t .. ,^^.'^A'^'<\ /^'M FEEDERS.

Several insects of less

economic importance than

those which we have already

mentioned are occasionally

found feeding upon the

leaves of the plant.

Tlie so-called cabbage Plusia {Plusia brassiccp, Riley).—This insect

(fig. 25), which occurs in most i^arts of the United States and has a

number of different food plants, has been found in tobacco fields in

Maryland, feeding upon the leaves, by Mr. F. C. Pratt, of the Divi-

sion of Entomology, although not in sufficient numbers to give it a

high rank as a tobacco insect. It is one of the species which is

readily destroyed by the arsenical spray.

Mamesira Jegithna Grote.—This insect (fig. 20), which is allied to the

cutworms, feeds exposed upon the foliage of different plants. Its larva

is a veryhandsome caterpillar, bright yellow in color, with velvety-black

long! tudi mil lines. It has never been recorded as a tobacco insect, but

was found lal her abundantly by the writer in tobacco fields in southern

Virginia uixm tlic leaves, which, in some cases, were badly ragged.

This insect can also l»e easily destroyed by the arsenical spray.

The tobacco thrips {Tlirips tabaci Lindeman).—This minute insect,

which sometimes does considerable damage to onions and which has

been |)opulMrly known in tliis eounti-y as the "onion thrips," was

originally desciibed, in 1888, by Professor Lindeman, of Russia, as an

Fig. 25.—The cabbage Plusia: a, moth; b, full-grown

larva; c, pupa, with its cocoon— natural size

(original).
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Fig. 20.

—

Mamcstta legitimu: a, adult; h,

larva from above; f, same from side; rf,

head of same from front; e, pupa—all

natural size except d, which is enlarged
(original).

enemy of tobacco in Bessarabia. It occurs upon many plants in this

country, but has never been found upon tobacco, although in south-
ern Russia it at one time caused much
damage to the leaves, puncturing
them and causing them to wilt. As
this insect, occurring in this country

as it does from the Atlantic to the

Pacific, may at any time be found
upon tobacco, it is worthy of mention
and of an illustration in this connec-

tion. It is shown at fig. 27.

The "luhite fly'''' of tobacco {Aley-

rof7es/«6aciGennadius).—One of the

insects especially noticeable in Eu-
rope is a minute form which looks

like a small scale insect on the under
side of the leaf. Its damage to to-

bacco in Greece was demonstrated by
Professor Gennadius in 1889. A
closely allied or identical species oc-

curs upon tomato in this country, but

European specimens from tobacco

have not been compared with our to-

mato species, so that we can not speak
positivelj^as to their identity. The tomato species is, however, liable

to be found upon tobacco.

Tree crickets {Oecanthus fasciatus).—Young tree crickets are occa-

sionally found upon tobacco, eating the leaves to some slight extent.

They do no especial damage, but are worth mentioning in this con-

nection. The greatest damage done by tree crickets is occasioned by
the punctures in the stems of plants like raspberry and blackberry,

which are made by the females in laying their eggs. So far as known,
they liave not been observed to puncture tobacco for this purpose.

In portions of Maryland those

_-j^;;;;2c3^^^^ \J little insects are known as

^.i^i^^^ ^X "chatteracks," presumably
r:;33=»»'*''^, ^4r~rt-. from the song )f the male.

Tlie mealy buy {Dactylopius

ci'^ri Risso).—In the course of

greenhouse observations on
tobacco plants at AVashing-

ton City it has been found
that the common mealy bug
thrives and multiplies alarm-

ingly upon tobacco plants. Since this mealy bug is an outdoor pest
of many plants in the South, it seems from this experience that it has

.V'.>.J

c ^ d
FlQ.27.—Thrips tfthnci: o, adult; ft, antenna of same;

c, young larva; (/, full gi-own larva—enlarged
(original).
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only to be brouiilit into tlic immediate vicinity of a tobacco field to

spread upon tlie crop, and under favorable conditions it may occa-

sionally do considerable damai^e.

Plant lice.—Several species of plant lice are known in Enrope to

occnr occasionally npon tobacco, and several of onr American species

whicli atfect solanaceons i)lants are liable at any time to be found

upon tobacco. As a matter of fact, however, we have never known
any especial damage to be done to tobacco by these insects. Late in

the autumn of the present year the terminal leaves of the tobacco

plants growing in the experimental plats of the Division of Entomol-

ogy became covered with a plant louse known as Xedarophora iahaci

Pergande. This species has been found by its describer, Mr, Per-

gande, of the Division, during the last two years npon the leaves of

young pear trees on the grounds of tlie Department of Agriculture,

and also upon the leaves of apjile, Rumex, Leucan-
themum, and Forsythia, as well as tomato and egg-

plant. During the summer the same species was
received from Dr. F. P. Phelps, of JNIount Holly,

Y^i,.2».-Limc,xcamp,.s- ^^^ ^^,.^^^^ ^j^^ information that 5 acres of tomato
I ? ts—nRuurs.! S1Z6 (3.1-

ter Binney ). plants Were covercd with countless millions of these

lice. The writer would not be at all surj^rised if

in the near future ccmsiderable damage to tobacco by this species

should be reported.

The ticelve-spoffed Diahrofica, or '^corn-root worm" {Diahroiica

12-puiicfaia).—In Kentucky, according to Professor Garman, this

small, gi-eenisli beetle, marked with twelve black spots, which is so

common on cucumbers, squashes, melons, and other cucurbitaeeous

plants, is often found on tobacco leaves, eating small round holes. Its

larvje feed on tlie roots of corn, and the beetle is only a casual visitor

of the tobacco field. It can not be considered a dangerous insect by
the tobacco growei:.

Shujs {Liinax campestris Binnej', and allied species).—Damage is

occasionally done to young tobacco plants in seed beds by slugs.

Specimens were received last summer from Dr. II. T. Fernald, the

State zoologist of Pennsylvania, which he said had xory seriously

damaged some of the tobacco beds by eating tlie young leaves. These
specimens were submitted to Dr. W. II. Dall, of llu^ Smithsonian Insti-

tution, who said that tliey were young and badly contracted, but iirob-

ably belonged to tlie species known as Limax campestris Binney, which
is shown by fig. 28.

THE CIOAKETTE BEETLE.

{Lasiodemia serricorne Fabr.)

Of theinsects injurious tocured tobacco none approach, in economic
importance, tlie species which lias become known as the cigarette

beetle. The name "cigarette beetl(»" is more or less of a misnomer,

since the insect not only feeds in all kinds of dried tobacco, and even

in snufT, but also in many other substances, such as rliubarb, ginger,
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eaj-eniic peppiM', ergot, turmeric, yeast cakes, ric<!, tigs, prepared lish

food, juul dried pluuts pi'cpared for tlic^ herbariiiiii.

Working as it does in all kinds of cui-ed tobacco and living in this

substance during all stages of its existence, itdanuiges cigarettes and
cigars principally by boring out of them, making round lioles in the

vvrapi)ers so that they will not draw (fig, 20). Leaf tobacco is injured

for wrai)ping purposes by being i)unctured with ludes made botlt \)y

the larvte and the beetles, and tillers and line cut are injured by the

reduction of their substance by the actual amount consumed by the

larva3. The adulteration of fine cut by the bodies of the insects and
by their excrement is also a kind

of damage, though an entomological

acquaintance of the writer insists

that he buys infested short cut by
preference, botli because he can get

it cheaper and because the bodies

of the insects impart a distinct and
not disagreeable flavor to the to-

bacco. He admits, liowever, that

it is a cultivated taste.

The cigarette beetle is practically

cosmopolitan, and probably occurs

in most tobacco factories in the

Southern States, as well as in most
wholesale drug stores. In the far

South this insect multii^lies rapidly

throughout the greater part of the

3^ear, and its development is practi-

cally continuous in artificiall}'

warmed factories farther north.

Observations upon the life history

of the species were made by Prof.

George F. Atkinson some years ago,

when lie was connected with the

North Carolina Agricultural Exi)eriment Stat ion, and more recent ly by
Mr. Chittenden, of the Division of Entomology. It seems tolerably cer-

tain that there are two generations pi-oduced each year in the District

of Columbia. Professor Atkinson says that he has seen the beetles

in copulation in January at Chapel Hill, N. C, but Mv. Chittenden
has never seen the beetles later than November or earliei- than ."May.

It passes the coldest of the winter months in the larva state. In arti-

ficially warmed buildings the insect is apt to be present in all stages

at almost any time of the year. Professor Atkinson observed that

the larvae hatch in eleven days fi-om the time of o*^iX laying, and that

they remain as larvae fi-om sixty to seventy days. The larva {{'Vfi;. 30)

when full grown spins a fairly compact cocoon of a silky substance
covered with bits of whati^vei- substance the insect is ])rceding in. In

this cocoon it soon transforms to a pui)a and the adult lu'etles emerge
1 Al'S 10

=^

Fu). 29.—Work of oigari'tto beetle—reduced
o!ie third (orijiinal).



14G YEAHJU)()K OK TilK DKPAKTMEiN'l' OF A(iKICULTUKE.

later. .Air. Chittenden has found that in a warm room the entire life

round may be undergone in forty-seven days. These insects were

r<>ai<'d in a dry yeast eake, however, and not in tobacco.

It is only within comparativoly recent years that the cigarette beetle

has become at all serious to tobacco manufacturers in this country,

but it has been

increasing and
spreading of

late, and at the

present time it

is found not

only in many
factories, but

also in ware-
Fi«. 30.—The cigarette Ijeetle: «, larva; '>, pupa; f, adult; ff, side view of ]^Q\|S9t> tobaCCO
adult; (', antenna—all greatly enlarged, v still more enlarged (re- . a ,

engraved from Chittenden's illustration). DamS, aUQ re-

tail establish-

ments. The writer knows of one little shop into which it was acci-

dentally introduced in some plug tobacco. It increased, entered the

show cases, and ruined a large number of high-priced cigars and cigar-

ettes. The shopkeeper was in despair, but finally, at the advice of

the writer, submitted his entire stock to fumigation with bisulphide

of carbon, and thus completely rid his establishment of the beetle.

REMEDIES.

With a small establishment like the one just mentioned, it is a com-
paratively simple matter to destroy' the insect by means of the fumes
of bisulphide of carbon. The place was clean and well-swept and
dusted, and all that was necessary was to have a tight case (a show
case was used) and the entire stock of tobaccos, cigarettes, and cigars

was placed in the case in installments, and a saucerful of bisulphide

of carbon was evaporated over night. In the morning the contents of

the case were removed, the store was aired, and the next night another

lot was fumigated. For some time after this experience the shop-

keeper in question used the same case as a quarantine box, and put

all of the tobacco which he bought through the fumigating process be-

fore he placed it on his shelves. Gradually, however, his vigilance was
relaxed, and he lias since had no experience with the cigarette beetle.

In a larg(> factory, however, the case is, of course, very complicated.

The average factory is not a clean place. It is frequently an old

building, rougldy l)uilt, with innumerable cracks in the floors and
walls, which, in the course of years, have become tilled with tobacco

dust and fragments. Kven the crevices about the windows are filled

with comminuted tobacco. Frequently' large stocks of tobacco are

kept on hand a long time. When the cigarette beetle has once
obtained a foothold in such an establishment, it is a matter of consid-

ri-al»Ie tinn', cx|)ense, and energy to get. ri<l of it, and at thesam«» tim(^

it is as much as the i-epulation of such a factory is wortli to allow

goods to go out containing any s[)ecimensof the insect in any form.
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Tliere is an unfortunate and, the writer believes, wholly un.jus1ifi<M|

prejudice against steaming tobacco. Experiments carried on by Pro-

fessor Atkinson in 1885 or 1886 showed that proper steaming will

destroy this insect in all of its different stages, and the pi-actical expe-

I'ience of several tobacco manufacturers, whose estal)lishments have

l)een visited by the writer, has indicated the same thing. With this

knowledge, therefore, barring prejudice, there is no reason why a

tobacco manufacturer should ever put out any infested toViacco. It

becomes important, however, to entirely rid his establishment of the

insect, and here nothing but lieroic measures will avail. Taking a

room at a time, the floor and walls must be thoroughly cleaned, the

walls whitewashed, and all beams and floor cracks subjected either to

steaming or to a thorough spraying with kerosene or benzine, great care

being taken to avoid fire in case the latter substance is used. Ben-

zine is preferable to kerosene on account of its greater volatility, in that

the establishment can be more readily rid of the odor, but it is more
dangerous on account of its higher inflammability. The beetles are

quite inclined to fly to the light and to settle about the windows; there-

fore the window cracks should be especiallj'^ looked after. With such a

thorough treatment as this, taking room after room, the writer feels sure

that the insect can be exterminated in almost any tobacco factory.

Where it is not desired to use steam, experience has shown that, as

above indicated, bisulphide of carbon may be used to good advantage.

With leaf tobacco such a fumigation must be very thorough to kill the

insects embedded in the mass of the leaves. Experiments made in the

writer's office with hydrocyanic-acid gas show that it is not to be
compared in efficiency with bisulphide of carbon for this work.

While the bisulphide treatment is preferably made in a tight bin, it

may also be carried on in a tight room. In either case 1 ounce of the

li(iuid should be evaporated for every 62^ cubic feet of space, or 1

pound for every 1,000 cubic feet. Ever^^ precaution should be taken,

however, to see that the room is perfectly tight, and also that no fire

is allowed to enter the room until after it has been most thoroughly

aired. The vapor of bisulphide of carbon in confinement is inflam-

mable and explosive.

In cigar and cigarette factories much that we have just said will

be applicable. The tobacco, before use, should be steamed, if po.ssi-

l)le. Loose tobacco should not be left exposed at night. Boxes or

piles of cigarettes or cigars, after being made, should be covered very

tightly to prevent the access of the beetles. These precautions are

more important during May and late August and September than at

other times of the yeai", since at these periods the adult insects are

flying about in great numbers. This statement holds for Virginia

and Maryland, l)ut for Key West and other Southern points the dates

will have to l)e altered.

As a matter of interest, it may be said that there is a little four-

winged fly which is i)arasitic on the cigarette beetle, laying its eggs
in the larva of the beetle. Thift parasite is known scientifically as

Catolaccns anthonorni Ash"mea<l, and has been found in several
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tobacco factories. It is doubtful, however, whetliei- l)y its work it

will ever rid an establishment of the beetle, but it undoubtedly helps

to prevent rapid multiplication, and consequent great damage.

OTHER INSECTS INJURING DRIED TOBACCO.

There are several beetles which occasionally affect tobacco after

the leaves are dried, in much the same manner as does the cigarette

beetle, but none of them, as we have said, appi'oximate in importance

the latter insect. The so-called di'ug-store beetle {Sitodrepn panicea,

fig. ol), an insect which has an enormous range of food, and occurs

upon ver}^ many articles found on the shelves of drug stores, whence
its popular name, will also breed successfully in tobacco, although

we can not say that this substance is its preferred food. No cases

have been brought to our attention of any seiious damage to tobacco

by this species. The ordinary i-ice weevil {Calundra uryza), another

insect which feeds upon various stored products, has also been found
breeding in tobacco, although its importance as a tobacco insect does

6 ai> c "-- cl
Fk;. .31.—The drug-store beetle: f(, larva; 6, pup.a: r, adult: rf, adult from side; e, antenna—all

greatly enlarged, r still more enlarged (reengraved from Chittenden's illustration).

not exceed that of the drug-store beetle, if indeed it equals it.

Another insect which, though not at all a tobacco insect, became,
some years ago, the cause of a curious litigation regarding the rejec-

tion of a large cargo of tobacco from this country by the French
Government, is the so-called leather beetle {DermesUs viilpinus).

Tlie tobacco in question, in numerous hogsheads, was received in

France, and upfni examination it was found to have been perforated

by numbers of the larva? of this latter beetle, whicli had burrowed
into the toba(;co for a considerable distance and transformed to pu])a'

and later into beetles. The entire cargo was rejected by tlie Fi-encli

(Tovernmeiit and returned to America, and tin* litigalion whicli ensued

was tlirough the endeavor to place the responsibility for the entrance

of the insect upon either the shippers or the carriers. It was shown
tliat tlie tobacco must, at some period of its jouiney, have been stored

in close proximity to bales of lii<les affected by this insect. The
larva of the Dermestes, instinctively on reaching full growth, crawls

away from its original habitat and bores into any near-l>v substanc<»

to find a i)rotected spot for i)Upation. In this case tlie larva? were
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attracted by the cracks in the to])acc() hogsli(!a«ls, and not d<*1(Mi<'d

by the piin<(eiit chara(;tei' of tlie contents of the hoj^sheads, llioy

bored their way in, searching for a secure place to transform.

FOREIGN TOBACCO INSECTS WHICH HAVE NOT YET REACHED THE
UNITED STATES.

In a previous paragrapli we have mentioned incidontalh' the little

scale-like insect known as Aleyrodes tahaci as one whicli has probably

not made its appearance in American tobacco fields. Professor Tar-

gioni-Tozzetti, the Italian writer, to whose work reference is made in

the first page of this paper, has listed 14-t species of insects found in

tobacco fields of Europe and adjoining countries, the great majority

of which, however, are not important enemies of this crop and most
of which are never likely to be brought to this country. There are in

south Europe several distinctive cutworms whicli injure the crop in

the same waj- as do allied forms in the United States; several grass-

hoppers, which feed upon the leaves of the plant, and several cater-

pillars which do occasionally more or less damage in the same way as

do the leaf-feeding caterpillars which we have incidentallj^ men-
tioned. In south Russia (Bessarabia) there is a tenebrionid beetle

{Opatruin intermedium) which injures tobacco by attacking the stems
underground. There are several plant bugs, several species of plant

lice, wireworms, and other forms of greater or less importance whicli

are record <*d by the writer, but, on the whole, probably none of them
are worthy of extended mention in the short space of this paper.

CONCLUSIONS.

REMEDIES IN GENERAL,

Upon looking over the whole ground, it seems to the writer that the
tobacco crop is not a difficult one to protect from insects. It has not
so many insect enemies as many other important crops, and the

method of cropping is itself unfavorable to the increase of insects and
favorable to their ready treatment. This is especially true of all

portions of the cotton belt north of Floi-ida.

In the seed beds there is in general no great danger of insect dam-
age, but if insects should obtain a foothold most of them can be
readily and safely treated by means of tlie arsenical spray.

After the plowing of a field into which plants are to be set attention

should be paid to ridding the soil of cutworms. This can be done
safely and easily by means of the poison-ti'ap crop or the bran-arsenic
mash mentioned in detail under the head " Cutwoiins." Where either
of these remedies is used it is really a matter of indilTerence from tlie

insect standimint whether the land has been left fallow or whether
clover or small grain has been grown. The planter can really follow
just which course he thinks is liest for his land wTthout reference to

cutworms, whereas without this ti-eatment, as pi-e\'i(tusly stated. I'aljow

land or land planted to clover is apt to be full of worms, and the

tobacco crop will have to b<' in i)art replanted.
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At this time, or preferably eai-lier, it is important tliat the solana-

ceous weeds in the immediate vicinity of the field, and particularly

the nightshade {SoJauimi nigrum), the horse nettle or bull nettle

(Sohnium rarolinense), and the jimson weed (Datura stramonium),

should be cut down, with the exception of a few marked clumps.

These clumps will act as traps for nearly all of the tobacco insects.

Practically all of the tobacco insects in the vicinity will be attracted

to them and can be readily and economically treated with heavy doses

of Paris green for the leaf-feeding species and with a spray of kero-

sene and water for the sucking bugs. Large numbers of these insects

can be easily killed in this way, greatly to the protection of the young

tobacco plants when they are set out.

During the growing season of the plants in the field there can be no

doubt of the availability and usefulness of the arsenical spray. When
used with reasonable care there can be no possible danger, as has

been shown by careful experimental work and by chemical analysis

of sprayed plants. Poison distributers, both for dry and liquid

poison, are on the market, and the process is not an expensive one.

It is used already by man,y practical growers, and it seems to the

writer that the man who does not adopt it in time of necessity is

behind the times.

After the crop has been cut the stubsof the plants and many leaves

will be left. Moreover, in a warm autumn there will be considerable

suckering. All of the tobacco insects left in the field which can by

any possibility reach this sparse remaining tobacco vegetation will do

so. Most of the horn worms, it is true, have gone into the ground

and transformed into pupse, but cutworms, budworms, leaf-feeding

caterpillars, the last generation of split worms, all of the sucking

bugs and the flea-beetles, during the warm, sunny, autumn days

which precede the first killing frost will rely upon these remaining

leaves and suckers for food. This is apt to be just the time when the

tobacco planter pays no attention to the insect question, since his crop

is gathered, but it is nevertheless just the time when he has his

toV)acco insects more or less concentrated, and upon worthless vegeta-

tion, which he can treat with heavy doses of arsenical i)oisons or even

with pure kerosene without fear of loss. There can be no doubt that

a little insecticide work at this time of the year will so greatly reduce

the number of the insect enemies of the crop that the benelit will be

felt in a marked degree the following season. The expense of such

treatment would be very slight. A single individual in a day could

cover a very large field.

Two of the points just mention('<l, namely, the use of solanaceous

weeds as traps in the spring and the treatment of mutilated plants and

HUfkers ill the fall, have not i)reviously been mentioned in any article

U])nM tobacco insects as far as th«' writer is aware. lie believes tliat

both suggestions are eminently practical, and that by their adoption an

enterprising tobacco planter can ro<liKM' insect damage to a minimum.



PRUNING OF TREES AND OTHEH PLANTS.

By William Saunders.

Horticttltiirist,

GENERAL REMARKS.

Natural laws are constant and unvaried in their operations. Our
knowledge of natural laws is derived from accurate observations of

causes and effects, and science offers the systematized explanation

of these observations. The science of pruning, therefore, gives the

exi)lanation derived from the accumuhitcd knowledge of ages of

observations and experiences of effects produced by manipulation

upon the branches and other portions of plants. When we take into

consideration the lengthened period during which pruning has been

practiced, the general intelligence of the operators, and the countless

repetitions of similar processes ending in similar results, it is reason-

able enough to presume that a sufficient number of facts have been

observed to establish a complete science and determine principles the

practical application of which can be readily understood and easily

effected; but the frequent and apparently conflicting opinions that

are constantly being expressed by cultivators and writers on this sub-

ject pi'ove that the operation of pruning, in its various applications,

is not generally performed from an intelligent standpoint.

Pruning is an operation of much importance in the management of

trees, and comi)lete success is not attained in fruit culture unless its

principles are clearly understood. Plants left to nature maintain a

reciprocal action l)etwcen the branches and roots, and e\erv branch

and leaf removed must exercise an influence either injurious or bene-

ficial; therefore no one should remove a branch until satisfied of a

reason for doing so and foreseeing the infiuence and effects of such

removal.

It is the opinion of numy fruit growers that the most uniform and

satisfactory crops of fruit are produced in orchards where but little,

if any, pruning is given to the trees. While it is true that the

injuries to fruit trees and the losses to fruit growers from vicious and

altogether unnecessary pruning can not be estimated, yet it would

be erroneous to assert that trees sliould not be pruned at all. It is

always judicious to thin out the tops of trees when the branches

become overcrowded—to thin out dead and weakly branches or to

arrest the growth of unruly or misplaced shoots; hut the system,

151
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wliicli is altogether too prevalent, of making an annual visit through

tlie orchard, i-enioving or shortening branches as a matter of routine,

and olip[)ing the tops of shoots without anj' special object in view will

in a few years assuredly diminish the fruiting capacity of the trees.

TIME OF PRUNING.

The season of pruning is, in some cases, an important factor in the

management of trees. Generally anj' time during the winter or early

spring months is chosen for pruning orchards. Where the object is

merely the thinning out of thickly branched trees the season is not of

much importance, and the work may be performed at any time when
convenient; but when it is deemed expedient to remove certain

branches for the purpose of adding additional vigor to those retained,

then much will be gained by pruning early in the fall, or as soon as

the trees have matured their growth and become deciduous. If pruned
at this time the succeeding growths will be stronger than they would

be if the pruning were performed later. This arises from the circum-

stance that duiing winter plants continue to absorb nutriment by
their i-oots. This nutriment is disseminated to all portions of their

structure, thus increasing the size and strength of the buds. As the

flow of sap is always directed to the extreme points of shoots, the

highest buds are most fully developed; so that, when pruning is

delayed till spring, and the points or upper portions of branches

removed at that time, all the accumulated food in these portions is

destroyed, and to that extent the plant is weakened. On the other

hand, when the pi'uning is performed early in the fall the buds which

are retained will benefit by the accumulated nutriment, which would
otherwise have been distributed over a greater number, and these

will, in consequence, start more vigorously in tlie spring, advance

more rapidly in growth during summer, and their maturity will l)e

materially hastened, a condition of great importance when the summer
seasons are rather limited for the perfection of certain crops.

Late spi'ing pruning has a decided influence in retarding eai'ly sum-

mer growth ; hence, the opei'ation is sometimes purposely delayed until

just before leafing in order to diminish early luxuriance.

branches which liave become diseased from the elTects of bliglit or

from any other cause should be removed as soon as they are observed.

Promi)t removal of these will check the further progress of the malady,

which woiihl olhci-wisc destroy the trc(>.

Th<! action of sudden freezing of iniinat lire and imperfectly ripened

wood in llic fall of caily winlei- is a fruitful source of disease. That

api)arently incuraltie malady in plants known as "yellows," in the

opinion of the writei-, based on forty years' experience, is the result of

sap contaminat ion of tliese frozen points, the prompt removal of which

will, he is convinced, prevent the sprea<l of tliedis(»ase, and thus save

the plants fiom speedy and ultimalx^ d(\struct i<»n.
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"Prune in summer for fruit and in winter for w(joi1."

Perhans no ad vice tliat has Ijcen given in Iriiit cultun' is so vajjno

and disappointing in its practical application as that embodied in the

brief, and apparently pithy, words quoted above. It is evidently
intended as a short, practical rule capable of general use, producing
a certain well-defined result, while in i-eality it is a mere expedient
that may be valuable under some conditions, and is always an opera-

tion of experiment rather than one of certainty. The principle upon
which the advice "Prune in summer for fruit" is based, recognizes

barrenness in fruit trees as being the result of a predominancy of wood
growth ; also that anj'^ process or manipulation tending to reduce redun-

dant growth, so long as it does not seriously involve the health of the

plant, will favor the production of flowers and fruit. By persisting

in the removal of foliage from the tree while it is in active growth
its vitality will bo weakened and its general health impaired by the

destruction of roots, which always follows the destruction of active

foliage.

There are various processes applied in the management of plants

which have for their object the better production of fruit. Some of

these are known in horticulture under the technical term dwarfing.,

such as grafting the pear on quince stocks, which represses the wood
growth of the former and hastens its fruiting period. Other expedi-

ents are those of root j^runiug, tying down l)ranches below a horizon-

tal position, and that already mentioned, i-epressing growth by the

removal of foliage during summer, this last being the least definite

or direct, because its usefulness depends upon conditions Avhich can

not always be foreseen or controlled.

In the practical application of summer pruning, difficulties and
perplexities are encountered which, as already remarked, render the

operation one of uncertain result. For example, if the growing shoots

of an apple or pear tree are checked in their extension by removing
a portion of their points, say toward the latter part of June, the

lower buds on the shoots will be forced into growth, thus forming
numerous side branches, which have no immediate connection with

fruiting spurs, and which will simply tend to a further thicket of

twigs for removal in winter. But if the shoots are not checked in

their extension until August, and the Weather afterwards continues

to be warm and dry, the probabilities are that the lower buds on these

shoots will start into I'ather feeble side growth or short spur-like

shoots, which will ultimately furnish fruiting buds. If, on the other

hand, the season liappens to be wet, and mild weather prevails

until close to wintei-, these same side shoots will lengthen into slen-

<ler twigs which will not thoroughl}^ matures and which will be of no
value whatever. The difficulty in reaching successful results lies in

the uncertainty as to the prop<M" time to ])rune, because no two sea-

sons are exactly alike, and also because 1 rees vary in their vigor from
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yeai- to year. Yet, upon thisiinceriaiii, indefinite, and constantly ex-

perimental procedure is founded the advice, "Prune in summer for

fruit."

"Prune in winter for wood." A plant in a healthy growing condi-

tion will maintain proper balance between the roots and branches,

and any destruction of either will to a certain extent destroy this

natural balance, so that if a portion of the branches is removed after

the seasonal growth is nuitured the roots will to that extent have the

preponderance; the buds being thus reduced, those which are retained

will receive increased vigor, and while the branches produced will be

fewer in numbei" they will be stronger in growth. It is questionable

whether a greater aggregate of wood will be procured from the few

buds than would have been furnished by the greater number provided

no pruning had been done, but there is no question as to tlie fact that

a greater degree of vigor is imparted to the fewer buds, and that it is

a well-known and valuable expedient foi- increasing vigor of the

growths of unhealthy and weak-growing plants. To suppose, how-

ever, that winter pruning, as a practical rule, increases the quantity

of timber in healthy trees is a fallacy.

PRUNING BY PINCHING AND DISBUDDING.

"Pinching" is a technical term used in horticultural literature,

which, although well understood by the initiated, has a very indeli-

nite meaning to the general reader, at least in its horticultural

application. It is a method of summer j)runing whereby robust shoots

are checked at an early stage of growth bj^ removing their extreme

l^oints with a pinch between the finger and thumb, without the furtlier

removal of foliage. This operation retai'ds for a time the extension of

such shoots, induces additional growths in other buds, and develops

shoots where a more active extension is i-equired.

"Disbudding" is the removal of buds or young shoots that have

not made more than one inch of growth, and it is the best practical

method of preventing gi-owths where they are not wanted without

interfering with the health of the plant.

Pinching and disbudding are tlie most rational modes of directing

the growth of plants. If I'igidly practiced there Avould be but little

necessity for winter pruning, or the removal of branches, small oi'

large, at any time. It certainly seems an inconsistent practice to

allow a tree to make growths of wood dui-ing summer to be cut out in

winter by saw and i)runing knife, thus sacriiicing and destroying

what it lias been the aim of the cultivator to produce, leaving out of

the question any injury to the vitality of the tree.

P2ven from an economical standpoint, with leference to labor, it is

obvious that a saving will be gained by rubbing olT a bud in May
instead of having to cut a branch in December. Indeed, by proper

attention to pinching and disbudding the amputation of branches
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will be rendered unnecessary, and the health of the plant will also be

maintained, which is not the case where rreciuent pninint,' of Itrjinclies

is a routine practice.

The perfection of summer prunini; provides for the comijlete control

and disposition of growth without involving any material removal

of foliage. When the extreme terminal bud of a growing shoot is

removed growth will be checked witliout removing foliage and witli-

out injury to the vitality of the plant. The injury sustained by a

rude and careless destruction of foliage is well exemplified in the

management of grapes, where the summer [)runing is delayed until it

is considered necessary to cut from 12 to 20 inches from the point of

each shoot, so checking the plants that further growth will be slow

and the fi-uit fail to mature, the berries remaining green until frost.

Nothing is more certain than this, that the full and perfect maturity

of fruit depends upon a full growth of healthy matured foliage.

PRUNING AT TRANSPLANTING.

In removing trees it is all but impracticable to secure the whole of

their roots, and the larger the tree the fewer, in proportion, will be the

roots secured; it is therefore essential to the well-being of the tree

that the branches be reduced in order to restore in some degree the

correlation that existed l^etween roots and branches previous to the

disturbing operation of removal. The quantity of branches to be

removed will of course depend upon the extent of root mutilation,

and as this is rather an unknown factor it is a wise precaution to give

the roots the benefit of any doubt by pruning the branches rather

severely.

In regard to trees from three to five years old, if lifted witli ordinary

care, it will be sufficient to cut the whole of the last yearly growths

to within a couple of inches of the point from which they started the

previous spring; this will reduce the leaf surface and still preserve

the original contour and ramifications of the tree. Older and larger

trees, in addition to this general shortening of the young wood, and

where it is apparent that only a meager supply of roots has been

secured, will be benefited by a judicious thinning of the larger

branches, carefullj' preserving the form of the head and avoiding any

appearance of heading back old branches. The bi-anches should be

thinned without leaving any trace of the opeiation, so far as the shape

of the tree is concerned.

These remarks are more directly applicable to spring planting. It

has been stated as an argument against pruning at transplanting that,

since the growth of roots is dependent upon tlie action of leaves,

the destruction of leaves by pruning the branches will retard the

growth of roots just wlien they are the most needed. While this is true

in the main, j^et the evaporation of moisture fiom leaves lias to be

considered. If the leaves are not abritlged the juices of the tree will
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be exhausted by leaf evaporation before the roots become sufficiently

active to supply the deniaiid. liefore roots can be renewed the plant

may be completely drained of its sap, and of course perish. This is

the reason why spring-planted trees may often send out a fine show
of foliage at first, but as the summer advances aiul as tlie juices

are exhausted the whole plant succumbs; investigation will prove

that root growth has made no progress since the plant was removed.

This is not so likely to occur in damp climates as it is in dry climates

and under hot suns.

Root growth is not always dependent upon a simultaneous action

of foliage. Trees planted early in the fall, or as soon as they become
deciduous, will immediatelj' commence to form young roots, and will

continue to do so more or less during winter. In the absence of

leaves there is but little loss from evaporation, so that the sap of the

tree will furnish material for root growth, instead of being exhausted

in the air, as is the case in early summer. The condition of the soil

is also more favorable for root growth than it is in spring, being, dur-

ing the month of October, several degrees warmer than the air, thus

favoring growth of root, while there is no tendency to growth by the

buds, so that in early fall planting verj' little pruning will be required.

It will thus be evident that the necessity of pruning trees when trans-

planted is greatest when spi'ing planting is in <iuestion; but in fall

planting it may usually be eiitirely omitted, especially when planting

is done immediately after the fall of the leaves.

PRUNING ROOTS.

It is an axiom in vegetable physiology that the production of flower

buds depends upon the presence of nutritious matter in sufficient

abundance for their support; but to solve all the causes which will

influence a plant to convert some of its buds into flowers while others

will produce shoots is a difficult matter. There are, however, certain

facts eslablislied by observation upon which i-eliance can be placed,

and UT)on which practices have been founded with a view of hastening

the period of fruiting in plants.

One of the most ap[)ar('nt facts connected with this subject is, that

a rapid growth and a fruitful habit do not simultaneously exist in

the same plant. Young, vigorous trees do not fruit to any extent,

while those that from any cause receive a check to growth will become
fi'uitful; hence, it has l)een given as a I'ule that, whatever pi-oduces

excessive vigor in plants is favorable to the formation of leaf buds antl

unfavorable to tlu; i)roducti())i of flower buds; while, on the other hand,

such cinMnnstaiiccs as t«^nd to diminish luxui-iancc aii<l to check rapid

vegetation, without alTecting the health of the individual, are more

favorable to the production of flower buds than of leaf buds.

INIaiiy expedients l);ised ni)on similai' observations have long been

[)ractice<l by cultivators; sn<rli oi)erations as ringing brandies, root
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pruning', and boiidin<i: luxiiriHiit j^rowilis have Ijccii faniiliur to many
j^eiuM'aiious of fruit jjrowerH.

When a tree has attained to a fruit-bearing size and shows no indi-

cations of fruiting, but continues to maintain a vigorous growtli of

brandies, and is evidently barren from excessive luxuriance;, a judi-

cious root pruning will liav^e the effect of encouraging the formal ion of

fruit buds instead of wood buds. Trees in this condition, if root

pruned about the first of August, will receive a check to growth wliich

will cause the formation of fruiting buds during the fall and show a

flowering disposition the following s-[)ring.

Some Asiatic conifers, such as the Japan cedar {Cryptomeriajapon-
/cf<), continue their growth so late in the season that they are overtaken

by frost to the injur^^ of leading shoots. Many of the evergreen trees

from the Pacific coast suffer in a similar manner. These plants are

apt to take a second growth when the weather is moist and warm dur-

ing the fall, wliich growth is mostly destroyed by the first frost. Root
pruning in August will prevent this late growth, and the trees will

pass through winter without injury. The operation is performed by
digging out a circular trench at a distance of from '.'> to G feet from the

stem, according to the size and age of the tree, and from 2 to 4 feet in

depth, cutting all the roots that may be en-countered or can be reached

If but few strong roots are met with, and if it appears evident that

strong taproots exist, the soil should be undermined with a shai'p

mattock, severing all the strong roots that can be reached; the soil

is then returned, being well firmed as the trench is filled, and the

process is completed.
PRUNING HEDGES.

The only foi-m in which a hedge can be kept, to l)e of service as -a

fence, or as an ornament, or for purposes of shelter, is that of a pyra-

mid. When it has attained a height of 5 feet it should be about 3

feet wide at its base, or surface of the ground, and all i)runing should

be directed with a view of securing this form.

When the plants are first set out in line they should be pruned or

shortened to within 2 or 3 inches of the ground and allowed to grow
undisturbed during the first season. At the end of the yearly growth,

the plants should again be pruned down to within or 8 inches of the

first pruning, any side or horizontal growths pruned within an incli

of the main stem. Dui-ing the growth of the second season the hedge

may be partially shaped by an occasional pinching out of the points

of stronger upright shoots, but preserving every shoot and leaf on
the weaker side growths. In thus i-ei)rossing the upright sho(>ts and
encouraging side growths a breadth of base will be secured, which at

this stage is most important. During tlie following winter the hedge,

if it has progressed favorably, may be pruncMl into shape, that is,

formed into a [)ointed pyramid, the sides being fi-om S to 10 inches from

the center. These operations arc in accordance with the principles
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that suininer pniniiii; will airest growth to some extent, and ihat

winter pi-uning will cnoourago tlio production of strong growtlis. By
keeping these factors in view a hedge can readily be shaped with-

out much destruction of growths, and as readily maintained in a

pyramidal form; but if the more upright or top shoots are allowed to

predominate, the lower side shoots will soon lose vigor, and thus the

hedge will lose its efficiency as a barrier and its beaiitj^ as an object

of ornamental utilitj'.

These details apply to deciduous plants, of which the Osage orange

is an example. Evergreens, such as the arbor vitae, require less labor

in preparation or training and maintenance than deciduous plants,

as most of them naturally assume a pyramidal form, and by a prac-

tice based upon the principles already noted good hedges can easily

be produced. The main points are to keep the top of the hedge

shaped to a point and allow the sides to expand sutBciently, so that

all parts of the hedge surface be exposed to light. Very rarely will it

be necessary to trim more than once a year, and the best time for the

work is just before the commencement of growth in spring.

PRUNING STREET TREES.

The ideal street tree is one having a straight, well-defined, central

stem throughout its entire length, with side branches regularly dis-

posed around it and subordinate to it. Trees grown in this shape

will withstand fierce storms and sudden bursts of wind without

injury. Not many deciduous trees naturally assume this form, but

by timely pruning when young they can be greatly helped to approach

it. This training process should commence while the tree is young

and growth easily controlled. Not later than the second year after

planting a careful inspection should be made after the leaves fall,

and if more than one shoot seems developing to leaders, select the

fittest and remove the tops from the others; also cut the points of

an}' side branches that appear to require checking, so as to maintain

symmetry in the tree. Practically, the training process should c(jm-

mence in the nursery, where the growth of a leading shoot should be

maintained and all side branches kept back by pinching their points.

These should not be removed entirely, as they tend to strengthen th«'

main stem, and can be removed later. The tree should remain under

nursery culture until it has reached a height of 8 to 10 feet, and at

ti-ansplanliug all tlio side shoots should be i-emoved by cutting them

ch)se to the nuiin stem to a height of at least <! feet. No further prun-

ing will be necessary at this time.

The removal of all 1ow(m- branclu's is rendered necessary, in order

that they may not interfere with the i)roper use of the sidewalks and

streets, but such removal has a tendency to weaken the main bod j' of

the tree and diininish its jiowers of resistance against, the sweei)ing

blasts to which street trees are oftentimes sui>jeetetl. This trimming
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up from below will require attention for a number of years, because as

tlie lower branches extend they will droop af th<> ends and become an

interference. The points of tlnjse droo[)inj^ branclu;s uuiy be removed

for a time, but this will afford only temporary relief, and ultimately

the whole branch will have to be removed by cuttinjj^ it off close to

the main stem, but this should not be done until it becomes absolutely

necessary.

The best method of pruning large trees in cities is sometimes a

difficult question to decide. As a rule, the worst treatment they can

receive is to cut off their tops, "heading down " as it is termed ; when
this involves the removal of heavy branches, so as to leave a mere

skeleton of stumps, it not only destroys the beauty of the tree but

induces decay, especially with trees that do not speedily send out

gi'owth immediately^ below the cut. Heading down is objectionable

in so far as it causes a low, dense growth, not desirable even as shade,

and increases the liability of destruction from windstorms.

When trees become thickly bi-anched and crowd^nl as to space the}'

are not improved by cutting the ends of the shoots, which merely

aggravates the evil. They should, rather, be judiciously thinned by
the complete removal of some of the branches. A skillful operator

will remove one-third or more of the branches of a thickly set tree, so

that the ordinary observer will not perceive that any pruning has been

done, the tree looking as natural in its ramifications as if it had not

been disturbed, and this should be the aim in all pruning operations

as applied to street trees.

There are some trees that respond more satisfactorily than others

after severe cutting back. Of these, the two species of Platanus

(button wood), P. occidentalis and P. orientalis, may.be specially men-

tioned. They are well fitted for wide streets or avenues. Their

branches are wide-spreading and far-reaching, and they should not

be set within 25 feet of a building; even at that distance the horizon-

tal branches may, after a growth of ten or twelve or more years,

become objectionably large, but they can then be pruned back with

great advantage.

This pruning is performed b}^ cutting back the lower brandies to

within, say, 8 feet of the nuiin stem, gradually shortening this distance

as the operation proceeds upward until it terminates at a i)oint at top.

Trees treated in this way will start young growths at every cut regu-

larly and evenly over the entire system, and after the growth of one

year will present a mass of fine foliage, bringing out fully the i)yrani-

idal shape, which will increase in beauty for nuiny years witli()ul

further attention as to i)runing. The best time for tliis work is imme-

diately after the trees become deciduous. Perhaps no other t rees will

endure this kind of cutting back so well as these l)utt()n\\<)otls.
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PRUNING TREES FOR TIxMBER.

In irrowing Ireos solely for tlic sake of their timlier there will

be but very little pruning required, and that mostly to regulate

growths when the trees are young. The object being to .secure length-

ened clean trunks, instead of short stems and bushy tops, it follows

that an upright leading shoot should be encoui-aged, and all other

branches kept subordinate. In the case of a young tree producing
several upright, oi" leading branches, the best i)laced and most central

should be selected as a permanent leadei- and all others checked by
pruning a small portion from their points. Trees that are planted

purposely for timber are set quite clo.sely, so that the}' ma^"^ become
crowded and drawn up to tops with but few side branches. Of course,

they are thinned when they become overcrowded b}- (Juttingoff all weak
side branches quite close to the trunk. The sooner such bi-anches are

removed the better; if not over 2 inches in diameter when pruned the

wood will heal ovei' them and knots in the timber will be largely pre-

vented. All dead branches should be similarly taken off close to the

trunk, so that they may sooner be covered over with sound wood. For
the same reason this pruning back should be performed earl}' in the

summer when the healing-over process will be most active, and decay
will be prevented.

PRUNING FLOW^ERING SHRUBS.

The only pruning that may be considered essential foi- ordinary

shi-ubbery is that of thinning out the plants b}' removing old branches

that are about destitute of young growths. The worst treatment

they can receive is that of shortening the summer growths during

the fall, especiall^^ that of shearing them into round, stubby forms

with hedge shears, at once destroying the natural, graceful beauty

of the plants and removing the best of their flowering shoots just

as they aie preparing for an abundance of blossoms. For example,

the Forsythia, usually a free-growing, hardy plant, will make shoots

several feet in length during summer, covered with flower buds
toward fall, and prepared to blossom i)i-ofusely early the following

year. Any pruning which .shortens the shoots simply removes the

flowering wood and can not in any degree benefit the plant. Deut-

zias, Spiraeas, Weigelas, and similar flowering shrubs require the

same kind of tn^atment. The bushes should be kept rather (>[>en, so

that tlie branches may receive full benefit of light and aii'. This is

effected by pruning out some of the oldest liranches or thinning out

some of the young shoots where they ;ire too dense, an<l these should

be cutclo.se to the base of the plant, which will en(H)urage the gi-owth

of vigorous flowering branches, thus keeping the plant floriferous

from ^•(•ar to vcar.
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PRUNING RASPBERRIES AND BLACKBERRIES.

Tho fruiting canes or shoots of these i)lants decay after the ripen-

ing of tho fruits and new canes are produced annuali}' which bear the

following season. In other words, they are biennial. Tho canes grow

up in one season, pi-oduce fruit tho next year, and then die. These

old canes should be cut and burned as soon as practicable after the

fruit is gathered; they are of no further use to the plant, their removal

allows fi-eedoni of growtli to the 3'oung canes, and their destruction by

fire effectually disposes of eggs of injurious insects that may be lodged

in the old wood and bark.

One of the most important operations in the pruning of raspber-

ries is that of stopping the iqiward growth of young canes. When
these have attained a height of between 2 and 3 feet the extreme

points are pinched so as to remove the terminal bud. This, while

checking the upward extension of the cane, will i)romote the pushing

of side or lateral shoots from the lower buds, and when these attain

a length of 10 or 12 inches they should be checked by pinching their

points; these side shoots will produce the forthcoming crop of fruit.

When the plants are three or more j^ears old they will send up
sev^eral young canes. These should be thinned to 10 or 12 inches

apart, selecting the best and destroying all others as they appear.

Aftergrowth has ceased in the fall, shoi'ten the side shoots to about

10 inches. This early fall pruning will be specially important if the

growth has been suddenly arrested by frost, as the frozen immature
points, if not promptly removed, may lead to a disea.sed condition of

the canes. Early fall pruning will prepare the plants for winter

covering in localities where protection is necessary.

The ripening period may be extended by cutting down some of the

canes to about 18 inches in height or pruning back the laterals to

three or four buds after growth has started in spring; the buds which
are left will make a later growtli, and con.sequentl3' the fruit will be
later in rii)ening, but this extension of the ripening period will be at

the expense of both the size and quantity of fruit produced.

The blackberry may be treated in a similar manner, with tho ex-

ception that in summer, pinching the cane.s may be left until they aye

5 feet in length; tho side shoots may also be allowe<l greater latitude,

and the young canes may be given a space of 15 to 18 inches ai)art.

PRUNING GOOSEBERRIES AND CURRANTS.

The gooseberry produces fruit fi-om si)urs which form on llie older

[»arts of branches, the best and largest usually on two-year-old wood.

The plant should be kept in the form of a low spreading bush having
six or more branches, which should be 10 inches apart, and rather

open in the center, so that the branches may fruit unifoniily their

entire length, which they can not do if densely crowded ihroughoul.

1 a98 11
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The main ol)ject in prnning tliese bushes is to promote and main-

tain a sufficient number of healthy, vii^orous fruiting spins, and as it

is found that spurs on wood over four years old are vastly inferior to

those on younger steins, a sj^stem of renewal should be followed

whereby young branches will take the jilace of older stems to be

removed. There will be no lack of 3'oung growths for renewal pur-

poses, as shoots are constantly being produced from the base of the

plants. Sele(;t one of the strongest of these, prune it back in the fall

to about one foot in length, taking care to prune to a bud which points

outward, so as to preserve the spreading habit of the bush. The
growth of the following season should receive similar treatment, the

leading shoots shortened back, and any side shoots cut down to within

an inch or so of the main stem. After the third year this new branch

will take the place of an older one, which is to be cut out from the

base. The annual pruning consists in cutting out all side shoots and

shortening in the leading points, which should be performed during

the fall, the sooner after the leaves decay the better for the crop.

In all respects the currant should be pruned similarly to the goose-

berry. Gooseberries and currants are propagated from cuttings of

the young wood made into lengths of about G inches, set in the ground

so that the topmost bud will appear level with the surface; except in

extreme northern districts they should be set out in late Septembei-.

Previous to i)lanting, all the buds should be cut out except the two

uppermost; this is to prevent the growth of lOot suckers, w^hich other-

wise become troublesome in the proper management of the plants.

PRUNING THE APPLE, PEAR, PLUM, AND CHERRY.

These trees are similar in so far as the}' produce their fruits on

spurs which develop on wood of two, three, or more years' growth, so

that their treatment in regard to pruning should be very similar in

the main. If the tree has been properly pruned at transplanting, the

first summer will develop the foundation of a well-defined top. As

this result depends upon the arrangement and eciuality of growth of

the young shoots, these will require attention, so that in the event

of any of them showing a superior vigor, to the detriment of others of

equal im[)ortance for future branches, the points of such shoots

should be pinched off; but in so doing let there be as small a removal

of foliage as possil)le, the object being not to materially weaken, but

merely to equalize, growth. If the pinching and disbudding has been

intelligently and systematically followed, there will be no necessity

for winter pruning, and by pursuing the s.ame general treatment dur-

ing the second sninmei- the foundation for a properly formed tree

can be well establisiied. If more branches are deemed necessary,

they can readily be obtained by pinching the points of leading shoots

during the earli<'st stages of growth, which will cause a growth of

side shoots, of whi(;h a selection is made and others rubbed off. It is
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not well to start a young tree with a great iiimibcr of hiaiicheH, as

they soon become crowded, to the great in.juiy of llic phmt witli refer-

ence to fruiting. A young tree managed as above described can be

as well established in three years as it can in five years where the

foundation of the plant is souglit to b(^ obtained by winter pruning

with the shears or jiruning knife, entailing the total loss of much
of the vital energj'^, instead of utilizing the entire growth in per-

manently building up the tree.

This S3'Stem also encourages the formation of fruit buds. There is

nothing more certain than that by pruning back the ends of yearling

shoots th(i fruit-producing period is retarded and the fruit-producing

capabilitii^s of the trees abridged. Fruiting buds will not be formed

wiiei-e the shoots are pruned to a few buds, which are thus forced

into the production of more slioots instead of forming fruit spurs;

this would speedily occur if the buds were left to their natural mode
and condition of growth.

It is perfectly iiractical to train a tree to anj^ desired form witliout

having recourse to winter pi'uning. When training is i)erformed

while growth is active, and the position of a branch is directed

according to the wish of the operator, either by pinching the points

of a growing shoot or by removing buds where shoots are not

required, the greatest amount of vital energy is economized; but
wliere the growth of a whole season is undisturbed until the wood is

matured, and probably one-fourtli or even more of these yearly

growths is destroyed, there is a positive loss of time, labor, and
material for which there is no compensating advantage, to say nothing

of its depreciating influence on the future of the tree.

As the trees advance in age they will become somewhat crowded
with branches, some of whicli can be removed fronj time to time as

seems necessary for the well-being of the trees; but this thinning

should be done judiciously, and only a snuill portion removed during

any one season. Yearl}' inspections should be made, and those

branches that have become destitute of fruiting spurs, except at their

termijial points, shoukl be preferably cut out in thinning and a young
twig allowed to grow up and furnish new fruiting branches in the

way of renewal. There will be no lack of young shoots for this pur-

pose, as they will sprout from the base of the cut branch, and tlie

strongest and best placed should be selected if it is desired to intro-

duce a new braneli; if new brandies are not desired, all such growths
slioiild be removed as they apjjear.

The plum and cherry are very liable to gum exudation when the

knife is used in pruning branches of any considei-able size, conse-

quently the training of these trees should, as far as practicable, be
controlled by pinching and disbudding. Some varieties of both of

those species, when in a healthy condition, will make shoots several

feet in length in one season, and under general treatinent Ihese
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growtlis are pruned back after the wood is inalured, otherwise, long

naked brandies would result. The proper management is to pinch

the points of these luxuriant shoots when thej- have extended about

2 feet, which will cause the pushing and growth from the lower

buds. Such of these shoots as are required for branches should be

allowed to extend, and all other growths pinched at their points when

they have made a growth of 2 inches; these latter will in time form

a nucleus for fruiting spurs.

The main object in the pruning of all these trees is to economize all

the growth, to procure additional bi-anches by arresting the extension

of shoots while vegetation is active by pinching or removing their

extreme points without waste of foliage, and by rubbing off buds

where shoots are not required, instead of allowing an accumulation

of yearly growths to mature, then removing and throwing them forth

as waste, in furtherance of pursuing a reckless operation called winter

pruning.

PRUNING THE PEACH AND NECTARINE.

The peach and nectarine produce their fruits on young growths of

the preceding year, so that one of the aims of the pruner is to secure

young growths fairly distributed over all parts of the tree, and to

render these valuable by an arrangement of the main branches, which

will result in the full exposure to light of all parts of the tree. An
unpruned peach tree will in a few years exhibit the appearance of a

few long, comparatively slender branches almost destitute of foliage

or fi-uit except at their extreme ends, and which are likely to break

down with even a moderate crop.

A young tree during its growth the first season after planting will

require but little care; presuming that it was closely pruned when
planted, it may be allowed to make all the growth i)ossible; the greater

the amount of foliage the more will roots be extended, so that a good

basis may be established for the futui-e well-being of the tree. Pinch-

ing may be necessary so far as to suppi-ess the extension of any of the

shoots that seem to interfere with uniformity of growth. If [)inching

has been performed when necessity indicated, there will be but little,

if an}', winter jiruning requii-ed, and then only to shorten back shoots

in order to maintain regularity in the formation of the fuluie tree.

The principal treatment of peach trees, so far as inuiiing is con-

cerned, is that of shortening back the new growths yearly, es[)('cially

the strongest shoots. This is in many ways beiu'ficial, tending to

reduce the fruiting buds so as to prevent an overabundant crop,

which is to be avoided so far as possil)le; it also tends to keep the

trees low, wliicli renders it easier to harvest the fruit, as well as keep-

ing the trees in proper form. When the heads become too thick, as

they probably will from the pruning of young shoots, they can be

kept in shai)e by cutting out some of the older branches well back to
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sliort stubs, from Avhicli yoiin^ shoots Avill bo produccMl, and in this

way the entire head can, from time to time, be renewed.

Ti-ees tliat ai'e apparently worn out and liave nothing but a few

pole-like branches, unhealthy of growth and destitute of fruitful

slioots, uiiiy bo renovated by cutting them down to stumps, whon a

new head will form of vigorous giowths, and in time boccnno fruitful,

bearing large-sized fine fruit. Peach ti'ees that make a late growth,

and ai'O caught by frost whon thoir leaves are still green and the

points of shoots succulcMit, should luive the points of the slioots i)runed

back at once, removing all of the immature points. This will save

them from being affected ])y diseases which follow the freezing of

unripened wood.
PRUNING THE GRAPE.

The grape, like the peach, fi-uitsonly on the young wood made dur-

ing the preceding year; so that tho salient i)oint in i)runing the vine

is to provide for the retention of a sufticient amount of young wood
to secure a crop. The time to prune is immediately after the leaves

fall. This early pruning is important, especially in climates where

the season is barely of sufficient length to ripen the fruits, as the

spring growth will be more vigorous, will afford a lietter showing

of fruit, and the shoots will advance ra[)idly in growth and attain

matui-ity sooner than would be the case if i^runing were delayed to a

later pei'iod.

The pruning of the grape is sometimes modified to the metliod

adopted for training, but all methods of training must conform to

certain principles of pruning if the best results of fruiting are

expected.

Any system of training which depends upon the retention of wood
more than three or four years old as a foundation will be deficient in

permanent success. The best fruit is always obtained from the

growths of leading shoots, as compared with that produced from side

shoots on older wood, such as are the result of wliat is known as spur

pruning; the fruit from these side shoots will be a week later in

i-iponing than the bunches produced on heavier wood on the terminal

or leading canes. Hence, the best method of pruning is to arrange

for fruiting on the vigorous terminal growths only, and not attempt
to profluce fruit on side shoots that have borne fruit, but remove
them entirel}', cutting them olf so close to the central cane that no
further growth will proceed from the main stem at that point.

This mode of tivatment maybe further explained: Starting with
a one-3'ear-ol(l plant set out in the si)ring, in favorable soil, it will be
allowed to grow the first season without the removal of shoot or leaf,

and a goo<l root formation will thus be secured. At the fall })runing

all of tlu^ growths are to be cut close down except the st rongest, wliieh

should be cut back to four buds. This ends the first season. When
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growtli commences the following sprlnjj^ unincious .shoots will proceed

fi-om the plant; after these liave grown G or 8 inches in length, pinch

the points from all except the strongest, which is to be allowed to

grow undisturbed, and which will form the fruiting cane for the fol-

lowing year. The summer treatment will consist in pinching the

point out of the leading shoot when it has reached a height of 4 or 5

feet; then it will be allowed to grow during the remainder of the

season. The smaller shoots around the l)ase of the plant should be

kept shortened, but not entirely removed.

At the winter pruning the leading cane is to be cut back to 4 feet,

and all the smaller shoots cut close down to one or two eyes. This

ends the second season. The main cane will fruit the third 3'ear, and,

in general, the fruiting shoots should be allowed to extend at will, ex-

ception to be made if an}- one of these should be apparently growing

more vigorous than the others, when it nuij^ be checked b}' pinching

out its point of five or six leaves beyond the bunch of fruit. The
main shoot should be allowed to extend until it reaches a length of 4

feet, when the point is to be removed, and afterwards no further

summer pruning will be necessary. Among the lower growths select

the strongest and encourage it bj^ repressing all other shoots, and, as

it extends, submit it to similar treatment as the main shoot received

the i^revious summer. At the winter pruning all the side shoots that

l^roceed from the main cane, whether they fruited or not, should l)e

removed, cutting them so close back that no buds will be left for

further growths. The leading cane and the cane which has been

produced from the base of the plant should be cut back to 4 feet

in length. This terminates the third season.

Two fruiting points are now available, and the lowest cane should

be tied to the part which fruited last j'ear; tins will give a fruiting

space 8 feet in length, composed of two distinct shoots. This system

can be pursued indefinitely^ a new cane being brought up from the

base of the plant annually to maintain material for fruiting canes.

The older canes should 1)e extended j'carly, so that their terminal

shoots can be utilized for fruiting; all wood that has frnitetl should be

removed, and after using a main service branch for tliree or four years

it slK)uld also be removed by cutting l)ack to the neck of the plant,

thus keeping uj) a renewal of shoots as far and as long as necessary.

As to sumnuM- pruning or i)inching back the young bearing shoots,

on au}^ system of management, the less done the better. Fruit will

form on weakly slioots, which in numy cases should be removed, as

these shoots will not iii)en, remaining green, even when tln^ fruits

will color ui) and ai)p('ar lipe; but it must be realized that jn-operly

ripened fruilcan not beol)taine(l from unripe shoots, even though the

fruit appears to bo ri[)o as far as color is concerned.
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By M B. Waitk,
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intk()I)U(;tion.

Tlio failui'e of oi-chards 1<> yield satisfactory crops from year to

year after i-eacliiiiii: the normal l)eai-inj^ age is of frequent occur-

rence, and altliougli adequate explanations can often be given for such

failure, yet the reasons are sometimes very obscure. In the course

of other investigations the writer has demonstrated that cross polli-

nation is an important factor in the production of pome fruits, and
his experiments, begun in the spring of 1890 and continued in 1892

and 1S93, opened up an interesting line of work in this connection.

This paper consists of a brief I'eview of the principal i-esults of the

work on the pear, published in Bulletin No. 5 ("The pollination of

pear flowers") of the Division of Vegetable Physiolog}" and Pathology,

with additional infoi-mation obtained in the experinients of 1893 and
LS94, and a fuller discussion of the apple and quince.

HISTORICAL.

More than one hundred years ago there was published in Germany
a remarkable book by a botanist named Sprengel, in which was
shown, as a result of observations, the important part played by
insects in the pollination of flowers. This author even observed that

in certain species of flowers cross pollination takes place, but he did

not understand the importance of crossing, and in fact regarded it

as sini[)ly accidental. Later, Andrew Knight, a famous hybridizer of

plants, concluded that nature intended that crossing should take

[)lace between neighboring plants of the same species, but it was not

until the master mind of Darwin attacked the i)roblem that the true

value of cross pollination and of the interesting modifications of

floral structure for this purpose became known. One of the ways by
which the benefits of crossing ai-e insured to plants is throngli their

sterility to their own pollen. Some fifty or more si)ecies of plants

are already known to be more or less completely fruitless when only
pollen from the same plant is applied to their flowers, although the

same plants mature fruits and seeds when pollen from another plant
is used. From what follows, it will be seen that there is a very
strong tendency to self-stei-ility in the pear and apple, the tendency
varying in the different varieties.
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CROSS POLLINATION OF PEARS.

DESCRIPTION OF THE PEAK BLOSSOM.

Tlu> poar flowor has all the organs of a typical blossom, these

being arranged in lives or some mnltiple of five. It consists of five

brownish-green sepals, five white or pinkish petals, twenty stamens

in fonr whorls of five each, a five-celled ovary, and five stj'les and

stigmas (fig. 32). The young green pear grows underneath the showy

Fig. 32.—EnlavKcd seotion nt a Rartlott pear flower: nf. stylo; .«/), sopal: /, filament; n. anther;

«, stifrma: ;>, jn'tal; </, di.sk; nv, ovnlp.

]»art of llic blossom ami looks like a swelling of the flower stem. In

the eeiiler of the flower is a snuill, gi"eenish-yellow, sau<'er-shape<l

disk, as sliown in fig. .32, d on wliich Ihc neetar is secreted. P^.xtend-

ing throngh the center of the disk dow n lo 1h(> ovary are five styles.

'IMie ovary er)n1ains llie ovnlcs, which are small, light -eoloi-ed bodies

that grow into seeds when ])rop(Mly fecnndalecl. 'i'he ends of tlie

green styles and a short ship down (inc side are I'ongh, and this fea-

t \ir<' fit s 1 hem especially for i-ecei\ ing and !-e1ai?iing 1 lie itollen. When
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seen under a magnifying glass this roughness is found to consist of

minute, finger-like projections. The stamens, which surround the

edge of the disk, terminate in small, roundish l)odies, tlio anthers.

These contain the yellow pollen, and are veiy complicated, being

made up of four cells, as may be seen by examining a very thin sec-

tion. When mature, the anther splits at tlie partition, the latter

shriveling away, and the pollen comes out in two masses, as if the

anther were two-celled.

Pro. .33. —(Huster of Bartlett pear blossoms (natural size, from a photograph).

FUNCTIONS OF THE DIFFERENT P.XRTS OF THE BLOSSOM.

The nectar is secreted copiously in the disk, often filling the cup
with a large drop, and serves to attract bees and otlier insects, as

does also tlie pollen. The white, showj- petals are a guide to tlie

insects, and as the flowers grow in clusters (fig. li'i) and the clusters

are numerous, a tree in full bloom attracts insects from longdi.stanccs.

When a bee alights on tlie flower the stii'nia brushes from il.s haiiv
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coal some of the pollen which adhered to it in previous visits to other

trees, and, if these trees were of a difTerent variety, the flowers are

thus cross ijollinated. The pistils mature two or thi-ee days before

the stamens of the same flower, and the fully expanded stigma often

protrudes throuiih Ihe petals before they are open, thus becoming pol-

linated from some earlier-opening

flower before the pollen of its own
flower is read}-—another means
b}' which cross j^ollination takes

place. Soon after its protrusion,

the stigma secretes a sugary

fluid, often in sufficient quantity

to be quite perceptible. In this

the pollen grain readily germi-

nates and throws out a slender,

thread-like tube, which grows
downward into the pistil and
through specially soft tissue,

adapted to its growth, until it

reaches the ovules. Here it en-

ters an opening in the two outer

coats of the ovule and comes in contact with

the germ cell, or egg cell. A number of inter-

esting and comj)licated changes now take place

in the protoplasm of this cell

and in tlie end of the pollen

tube. A part of the contents

of the latter actually passes

through the cell walls into the

Flo.a5.- Flower of theBart-

lett pear ( natural size).

Fic. 34.—Bud« of Bartlett pear.

egg cell, Avhich, under this

stimulus, immediatel}^ begins

to grow and divide, ultimately

developing into the germ of the

seed. This stimulus not only causes the seed to grow,

but also the surrounding fruit, the latter depending

upon seed development in most cases. In sonn^ cases,

however, the growth of the pollen tube may help to

stimulate the fruit to develop independently of the

fecundation of the ovule, whicli may ni- may not after-

wards icsull, and tliis pi-obably accounts foi- the fact that many little

fruits begin 1o (|('\('lo|», lint aft<M'war<ls droj) oil'.

KXPERIMENTS IN CKOSSINO.

The writer's first experiments to determine tlie usefulness of cross

pollination in securing the fruit fulness of pears and other i)om(> fruits

consisted in preventing insect visits and the entrance of foreign pollen

Flo. 3C.-Bud of

the Ear tie tt pear,

with petals re-

moved, showing
the incurved sta-

mens (natural

size).
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Fig. ."".—Emasculated

bud of tluj Bartlett

pear, showing only

the five pistils (nat-

ural size).

by placing bags made of paper, cheese cloth, or iiios(iuito netting

over the buds a daj^ or two before the}' opened, that is, when they

began to show the white of Ihe i)etals, ]>ut before any

great number of blossoms opened. Great precau-

tions were taken not to bag any flower which had

opened sufficiently to expose the stigma to insects. A
much more exact method of making experiments of

this kind is to carefull}'' hand-pollinate emasculated

flowers. This method was followed in all experiments

after the first series. Full-grown, unopened buds,

like those shown in fig. 34, were selected for the pur-

pose. With a pair of fine, sharp-pointed scissors, or,

still better, a small, sharp knife or a scali:)el, the out-

side floral organs, including the calyx tips, petals,

and stamens, were removed (figs. 35, 36, and 37).

'IMie five pistils, which were unharmed l)y this process, were then

pollinated and at once covered with a paper bag, this being fastened

around the stem with a

piece of soft copper wire,

to which the label Avas at-

tached. All unused flow-

ers were cut off the clus-

ters. The pollinating was
done bypickingout freshly

opened anthers from the

flowers with a pair of small

forceps and rubbing the

pollen masses upon the

stigmas. Usually the blos-

soms from which the pollen

was taken were cut directly

from the trees and cari-ied

about in a paper bag, but

in some cases the prefera-

ble way was followed of al-

lowing the flowers to open

and burst the anthei-s in a

warm room free from flies.

After the fruits were all

set the number lesulting

from the different kinds of

pollen w«M*e tabulated, and

from t his thepercent ages of

efficiency were computed.
Very early in the <'.\perinu'nts it was found that sonu^ varieties of

the pear, such as An.jou, Clapps Favorite, Bartlett, and Winter Xelis,

Fio. ;W.—Bartlett pear cross pollinated with tho imiHoii of

the Easter pear.
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were unable to fruit wlien covered a\ ith bags, or, in other Avords,

when insect visits and foreign pollen were excluded. The kind of bag
used, that is, whether of paper,

cheese cloth, or netting, seemed to

make no diffei-ence in the results,

but in later experiments some dif-

ference was observed in favor of

net bags as compared with paper

bags. The latter i)robably con-

fine the flowers too closely, but as

all the hand-pollinated flowers were

covered with tliis kind of bag and
still set an extremely high percent-

age of fruit, it is evident that tliey

could not have caused any pro-

nounced injury. On the other

hand, in the case of the net bags,

there is the possibility of small in-

sects passing through the meshes of

the net and intr<)du(;ing foreign pol-

len. The results obtained with the

varieties above named were vei'i-

fied bj'^ very careful hand pollina-

tions of emasculated flowers, the

work being dcme at Brockport,

N. Y., in 1801, at Chestnut Farm,

Va., and at Rochester and Geneva,

N. Y., in 1892, and at Parry, N. J., and again at Rochester in 1893.

DISCUSSION OF VARIETIES IN THEIR RELATION TO CROSS POLLINATION.

It is well known that the so-called varieties of pears are propagated

by budding, grafting, or by cuttings

from some oi-iginal seedling. For

instance, all the KiefTer pear trees in

the country have been propagated ^^^rfr:>, ^"^ ^
from poi-tions of the original Kioffor

tree, wliich grew near Pliiladelpliia

from seed, and therefore, strictly

speaking, they are all portions of

the same individual and of the same
original seedling. The same is true

in case of the Bartlett, Anjou, and

all the other varieties, or, in other fio.4o.-s.-o(1s from crosspd and from seif-

, 1 ^- 1. 1
• .• c pollinatedBartlettpearH.fi.fromcrossed

words, our hoi-1 icnltural vanet les of j„.^^„. ^ from self-pollinated peara.

fruit ti-ees i)ropagated by budding

or grafting or by cuttings are all ])aits (»r an original individual

seedling and <lo not iiilicrcnlly <li(T<'i- I'l-om it.

Fio. 39. -Self-pollinated Bartlett pear.
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Fig. 41.—Section ol an apple blossom.

Among llie sorts which wwv IoiiikI lo h(! moic or h'ss coiiifiletely self-

sterilo are the Anjoii, IJartlolt, lioiissock, C'hiirgejiii, Clupps Fa\'orite,

Easter, Howell, Lawrence, Louise JJonne de Jersey, 8h<!l(lon, Souvenir

de Conj!:ress, Superfin, and Winter Nelis; and among those more or

less self-fertile are Anirouh'me,

Bosc, Buffum, Flemish Beauty,

Heathcote, Mannings Eliza-

beth, and Seckel, and, in the

Soutli, Kicffer and Le Conte.

The two last varieties are

especially inclined to self-

sterility in the North, i)articu-

larly in cold, wet springs, but

in Southern locations they

fruit heavily, even in large

blocks where no other vari-

eties are near. The writer is

not inclined to attach much
importance to the strict classi-

fication of pears into self-sterile

and self-fertile varieties, as the more he experimented along this line

the more the results tended to run the two classes together. The kinds

classed as self-sterile, like Anjou and ]3artlett, yielded a small percent-

age of fruit in favorable

seasons with self-j^olli-

nation where the trees

were in good soil and
were well pruned and
well cultivated, while

the sorts classed as

self- fertile, like Angou-

leme, Soekel, and Kief-

fer, were ahuost self-

sterile in unfavorable

seasons. The question

therefore arises as \o

whether pears wliich

grow to sucli perfec-

tion in California, as

Bartlett, Clapps Fa-

vorite, and (.'hiirgeau.

do not find the cli-

nuite of that State so favorable as to be self-fertile.

The crossed and self-pollinated fruits resulting fi-om most of the

experiments were collected and studied and ([uile i)erceptible ditVer-

ences were found between them, consisting essentially in a lietter

Fig. i'Z.- Baldwin apple cruss ixillinated with pollen of the

Bi'llHcnver apple.
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Fit;. 43. —Large specimen of self-polliuatod Baldwin
apple.

development of the blossom cud of the crossed fruits, and narrower,

slimmer, and less pyriform self-pollinated fruits. This is well illus-

trated in figs. 38 and 30, which
show a topical cross and a. self-

pollinated Bartlett. Another
Interesting point brought out

bj^ these studies was tliat the

self-pollinated fruits had only

sniall,abortiveseeds, or, in com-

mon parlance, were seedless,

while there was an abundance
of seeds, often the full number,
ten, in the crosses (fig. 40).

In the self-pollinated fruits

of late varieties there was a

tendency to wither when ripen-

ing, while tlie crossed fruits,

gathered at the same time,

ripened Avell. The fruits not

bagged on the trees were also

carefully observed, and as a rule were found to agree with the crosses

rather than with the self-fertilized pears.

CONCLUSIONS REGARDING CROSS POLLINATION OF PEARS.

The following is a brief summaiy of the conclusions drawn from
the experiments and already iiublished in Bulletin No. 5 of the

Di%ision of Vegetable Physiology

and Pathology:

(1) Many of the common varieties

of pears require cross pollination, be-

ing partially or wholly incapable of

setting fruit when limited to their

own pollen.

(2) Some varieties ai-e capable of

self-fertilization.

(3) Cross ])olllnalion consists in

api)lyingpoll('n from a dislinct lioi-ti-

cultural variety, llial is, one which

has grown from a distinct seed, and
not in using pollen from another ti-ee

of the .same grafted variety, which is

no better than that from the same tree.

(4) Self-pollination takes place no
matter whetlier foreign pollen is present or not. The failure to fruit

with self-pollinal ion is due to sterility of the pollen and not to mechan-
ical causes, the imi)otency being due to lack of aflinity between the

pollen and the ovules of the same variet}-.

Fkj »» Small speciinen of .seU-j)ollinatod

Baldwin n]iple.
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(5) Varieties that arc absolutely self-^stel•il<' may be perfectly cross

fertile.

(6) The condition of nutrition and the jjfciieral environment affect

the ability of the tree to set fruit either willi its own pollen or with

that from another variety.

(7) Pollen is ti-ansported from tree to tree by bees and other insects

and not by the wind.

(8) Bad weather during flowcrinji: time has a decidedly injurious

influence on fruitage by keeping away insect visitors and alfecting the

fecundation of the flowers, and, conversely, fine weather favors cross

pollination and the setting of the fi-uit.

(!») Pears resulting from self-fertilization ai-e very uniform in shape.

They differ from crosses not only in size and shape, but also, in some
cases, in time of ripening and in flavor.

(10) Among the crosses the differences were slight or varial)le, so

that the variations can not be ascribed with certainty to differences

in pollen.

(11) Self-fecundated pears are deficient in seeds, and the seeds pro-

duced are usually abortive. The crosses are well supplied with sound

seeds.

(12) Even with those varieties which are capable of self-fecunda-

tion the ijollen of another variety is prepotent, and unless tjie entrance

of foreign pollen is prevented the greater number of fruits will be

affected by it.

(13) The normal typical fruits and in most cases the largest and

finest specimens from both the so-called self-sterile and self-fertile

varieties are crosses.

CROSS POLLINATION OF APPLES.

In connection with the experiments on pears, a large amount of

work was done on apples, this being possible because of the apple blos-

soms beginning to open just as the i)ears go out of flower.

DESCRIPTION OF THE APPLE BLOSSOM.

Apple blossoms are boi-ne in somewhat smaller clusters than pear

blossoms, there being usually only six flowers per clustei'. The flow-

»Ms also vary more in size than do those of the pear, the central one

often being much larger, shorter stemmed, and earlier than the otliers.

This is especially striking in the Ivinga[)i)le and other early-blooming

varieties. The apple blossom is more highly developed than the pear

blossom, and on account of its delicate perfume, higher coloiat ion, and

larger size is moi-e atti-active to insects, especially to the larger bees.

It is formed on the sanu' general plan (tig. 41) as the pear (lower, the

only striking ditTerence being that the bases of its stamens are enlarged

aiul hairy, and instead of curving outward they all draw togetlier

toward the center, and fit closely around tlu' styles. I*>y this arrange-

ment the nectar (lis); is coiiipleteiy covered, and hence niily I lie larger
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insec•t^^, such as hccs and l)uiiil>lebees, wliich can force the stamens

apart and reacli the honey with tlieir mouth parts, can make use of the

blossoms. Large bumblebees very seldom visit tlie pear, and when
they do, they soon fly away; but they work continuously and in large

numbers on the apple. In the writer's opinion the hone}- from the

apple blossoms is superior in flavor to that from pear blossoms. As
apple blossoms are more attractive to insects than pear blossoms, it is

probable that the latter, in the evolution of these plants, were foi-ced

to bloom earlier, so that the bees might not be attracted away from

them. In fact, the pear blossom could not compete with the apple

blossom for insect attention if obliged to open at the same time.

Apple l)loss()ms are certainly' abundantly visited by insects, but in

western New York the writer noticed that although the flrst trees to

bloom were well covered with bees and bumblebees, yet when the

main body of the orchards came into flower there were not enough
for all the trees. This is liable to be the case where an orcliard is

very large and. in sections where apple growing is the main industry.

Notwithstanding the higher development of the apple blossom, more
of the pear blossoms set fruit. A set of 5 or 6 per cent of an average

bloom gives a heav}^ apple crop, 10 to 15 per cent being rare, while

13.3 per cent is the average set for pear flowers, or one fruit per cluster,

the latter averaging about seven and a half flowers each. The apple

being ordinarily a larger tree and a more vigorous grower than tlie

pear, it is usually less within the orchardist's control by methods of

cultivation and pruning; in other words, it is much better able to take

care of itself than the pear.

EXPERIMENTS IN CROSSING.

The methods followed in the work on the apple were the same as in

the experiments with pears. Some of the flowers were emasculated

with tlie scalpel and hand-pollinated by applying the open anthers to

the pistils, while others were simply covered with bags made of paper,

cheese cloth, or mosquito-net, fi-om forty to sixty of the three kinds of

bags being used on eacli tree. In a general way the results were sim-

ilar to tliose obtained in the experiments with pears. The division of

the varieties into self-fertih; and self-sterile sorts was not nearly so

well marked.

Crossing gave decidedly l)etl('r losults in all cases than self-pollina-

tion. The lialdwin, which was e.xperinuMitod upon freely, may be

cited as a variety that i-omes as near being self-fertile as any, and yet

even this is far from being entirely so, for in the best trees the per-

('entag(^ of fruil i-esultingfrom self-pollination was not more than one-

fourth of that which resultcil from crossing. Some of the Haldwin

trees in fact seemed to be self-sterile, and trees of all the varieties

occasionally set self-])o]linated fiMiit.

'J'lie few clusters of Nortons Melon e.\periiiieiilc<i upon indicated
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that this variety, which produces the choicest apples as to quality, i»

quite inclined to be self-fertile. This was also found to be true in the

case of Seckel pears, and indicates that high quality is not necessarily

associated with self-sterility. On the otlier hand, Rhode Island Green-

ing, Talnian Sweet, Esopus Spitzenburg, and Twenty Ounce gave very
poor results from self-pollination, but quite a number of the trees of
these varieties experimented with refused to fruit even under the-

stimulus of cross pollination. This occurred but a few times in the-

experiments with pears, and in such cases the appearance of the foli-

age and the growth of the tree usually indicated that something wa»
wrong, but there was no apparent reason why the apple blossoms-

on these particular trees should refuse to set fruit.

The apples resulting from some of the experiments were collecte(J

and studied, and the results were found to be parallel with those ob-

tained in the experiments with pears, the crosses being larger, more
highly colored, and better supplied with seed (fig. 42). For example^
the hand-crossed Baldwin apples were highly colored, well matured^
and contained abundant seeds, while the self-fertilized fruits were
only slightly colored, were but one-fourth to two-thirds the regular

size, and seedless. The crosses were, in other words, like the better

specimens of apples, not bagged, from the same trees, and the self-

fertilized fruits corresponded with the undersized, poorly-colored

specimens.

The unsatisfactory character of the fruits obtained from self-polli-

nation (figs. 43 and 44) was more pronounced in the apples than in the
pears, and gave still further evidence that self-pollination is not to be
relied upon for apple production, especiallj^in unfavorable seasons.

CONCLUSIONS REGARDING CROSS POLLINATION OF APPLES.

The practical conclusions drawn from the experiments with apples
are the same as those from the work on pears. There are so many varie-

ties of apples, and the conditions in different sections vary so much^
that different sets of varieties are planted in different regions. All the
work here described was done at Rochester, Brockport, and Geneva^
N. Y., and as the natui-al conditions in that region are very favorable

to the apple, any tendency to self-fertility was probably pretty well

brought out.

Although several orchards of single varieties of apples in Mis-
souri have not yielded satisfactorily, yet the experience with large

blocks of Ben Davis at the Olden fruit farm in that State, and in other
extensive orchards in the West, where single varieties are planted in

large bhicks, shows that undei- certain circumstances crossing between
different varieties is not necessary.

1 a!)8 12
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CROSS POLLINATION OF QUINCES.

DESCRIPTION OF THK QUIN'CE BLOSSOM.

I'lie quince flower is larger and more showy than that of the apple,

but is not so delicately colored and is of much coarser texture. The
stamens and pistils are full}- twice as large as those of the apple, and
are considerably thicker than those of the apple or pear. The ovary

is also larger and each carpel contains a dozen or more seeds. The
floAvers bloom later than those of the apple or pear, and are much
better adapted to self-pollination than either, the stamens being so

arranged that the anthers often touch the stigmas. The large size of

the flowers is doubtless due to the fact that each winter bud produces

but one, instead of a cluster of six or eight, as in the case of apples

and i)ears. These buds grow on the sides of the shoots instead of at

the tips of the fruit spui's or fruiting branches. The flowers are

abundantl}- visited by insects.

EXPERIMEXTS IN CROSSING.

Exi)eriment3 in crossing were carried on with the quince at Roches-

ter, X. Y., in 1892 and 1893. Pollen from Orange, Rea, Champion,
and Meach was used, and the emasculated flowers were covered with

paper bags or cheese-cloth bags. Both the crossed and self-pollinated

flowers j)roduced a fairl}' good percentage of fruit, no difTerence exist-

ing between them that could not be readily attributed to accidental

variation. The experiments showed no such striking benefits from
insect visits, as did those with the pear and apple.

MISCELLANEOUS FACTORS INFLUENCING FRUITFULNESS.

Although the main purjjose of this paper is to bring out the im-

portance of cross pollination as a factor in fruit production, the

importance of other well-known factors influencing fruitfulness

must not be overlooked. To plant an orchard and give attention to

this feature only would be to invite failure. Unless the other condi-

tions are favoiable, the orchard will not be a complete success even
with abundant cross pollination.

It is of vital importance to plant varieties naturally fruitful and
adapted to the soil and climate of the region. The Hen Davis and
Winesap apples, and the Ki(!fTer, Le Conte, and Dudiess pears, for

example, have an inherent tendency to bear fruit, and unless all odds

are against lliem they will produce crops. However, it is only neces-

sary to mention the subject of varieties here, as its importance is

already well understood; in fact, horticulturists are inclined to let it

overshadow all other factors.

The vegetative vigor of the tree exerts a decided influence on its

capacity foi- setting and maturing fruit. To bo in good condition a

tree must have a i)ro])(M' jiro^iortion of vegetative shools. In the case
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of 3'oung trees too much vigor of tlio vegetative parts tends to retard

the formation of fruit spurs and blossom l)uds and prevents Ihe fruit

from setting on blossoms that have formed. On the otlier hand, when
the tree has once formed the bearing habit its capacity for fruit pro-

duction is largely determined by the vigor of the tree. Declining vigor

first renders the ti-ee completely self-stei-ile and ovenlually sterile to

cross pollination. There is an apparent exception to this general

rule, hoAvever, in trees which have been severely injured or which are

about to die from disease, such trees loading themselves down with

fruit. Under such circumstances the fruit is small and of inferior

quality.

The weather dui-ing the blooming period exerts both a direct and
indirect influence on the setting of fruit. Even when not injured by
frost the blossoms are often chilled by the cold to such an extent as

to interfere with fecundation. Moderate cold renders the self-fertile

trees self-sterile and severe cold renders them sterile to cross pollina-

tion as well. Warm and sunny -sveather at this time indirectly' aids

the fertilization by favoring insects in their work of cross pollination.

An excessive degree of humidity favors fungous diseases, which may
destroj' the blossoms or the young fruit. Dry winds, on the other

hand, reduce the flow of honey to almost nothing and, the writer sus-

pects, also cut down the stigmatic secretion and interfere with fecun-

dation. Cold, rainy weather during the flowering period may be
disastrous, the rains knocking off the pollen, washing away the secre-

tion of the stigma, and preventing pollination by insects. Fruit will

not set unless a reasonable amount of warm, sunny Aveather occurs
during flowering time. The vitality of the tree is injured and the

young fruit often killed bj'fungousdiseases which destroy the foliage;

hence, such diseases often exert sufficient influence to cause crop fail-

ui-es. Again, the amount of fruit a tree bears one year generally deter-

mines the yield the following year, and sometimes all possibility of a
crop is cut off by the trees failing to bloom.

The object in pointing out these various influences is to prevent too

much imi)ortance being attached to cross pollination. It may also be
well to caution the reader against laying too much stress on classifi-

cation into self-fertile and self-sterile varieties. The experiments
showed that self-fertility and self-sterility were not to be relied upon
implicitly.

The number of insect visitors in any orchai'd determines to a great
extent the amount of cross pollination carried on. The ijollen of the
pear and the apple is not produced in sufficient quantity nor is it of

the right consistency to be carried by the wind, and the pollination of

these trees is thei-efore dependent on the activity of insects. In an
brdinary spring there is usually an abundance of insects to thoroughlj'-

cross pollinate orchards of a few hundred trees, but in the case of

large commercial orchards, especially where several are close to each
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otlior, there is not a sufficient number of insects for cross pollination

when the main body of the trees is in bloom. If there is no apiary

in the neiirliborliood, therefore, each large orchardist should keep a
number of hives of bees. Honej' bees and other members of the bee

family are the best workers in cross pollination.

PRACTICAL CONCLUSIONS.

In order to insure cross pollination the following rules should be
observed in planting orchards of pears or apples:

(1) Use several varieties and plant not more than three or four

rows of one kind together unless the variety is known to be perfectly

self-fertile. If it is desired to grow one kind mainlj^ then every third

tree in every tliird or fourth row should be of some other kind.

(2) Where large blocks of trees of one variety have blossomed well

for several years, but have failed to produce fruit without any
apparent reason, graft in other varieties and sujiply foreign pollen,

as the trouble is probably due to lack of cross jjollination.

(3) Be sure that there are sufficient bees in the neighborhood, or at

least within 2 or 3 miles, to properly visit the blossoms. When possi-

ble, endeavor to favor the bees by selecting sheltered situations for

the orchard or by planting wind-breaks.



NOTES ON SOME FOREST PROBLEMS.

By GlFFORD PiNCIIOT,

Forester.

THE PUBLIC STANDING OF FORESTRY.

The meaning of the word "forestry" changes in the public mind
from decade to decade. The change is due not only to a better under-
standing of the subjects with which forestry deals, but also to a radical

difference in the way forestry is esteemed. The progress of the kr owl-

edge of any subject is almost always accompanied by a change in the

point of view from which that subject is regarded. Thus, electricity,

from being a matter of purel}^ scientific curiosity, has made its way
in public thought to the position of one of the foremost industrial

forces of the time, with the promise of such future usefulness that

whatever relates to it finds a ready hearing. In somewhat Ihe same
way forestry is gradually winning a better standing and a larger place

ill the consideration of the people. At first forestry was understood
to relate to trees; and it was not until recently that it began to be seen

that it has far less to do with individual trees than with forests. At
that time landscape work and forestiy were completely" confounded,
nor even at this day is the distinction always clearl}" made. Street

trees were supposed to be the special province of the forester, and
even yet one of the great Eastern cities has a city forester, whose
duties are not concerned Avith any forest land. This point of view
has served a most useful purpose, it is true, in enlisting the counte-

nance and support of very many persons whose interest in forest

matters, rightly so called, would have been small indeed, but it may
fairly be questioned whether there has not been a counterbalancing

loss of the good will and consideration of practical lumbermen and
owners of forest land. Apart from the jesthetic point of view just

referred to, a serious check to the progress of forestry, or, as this side

of it might well be called, of conservative lumbering, was the general

praise given to European methods of forest management and the

fi'oquent and strenuous, but utterlj^ impracticable, advice to apply
thorn in the forests of North America. To very many of the men
\\\)o\\ whom the introduction of forestry in the forest depended and
still depends, this was a complete barrier, for it made forestry seem
unworthy of even the most casual consideration. But these were
mere temporary obstacles to a true understanding of forestry and
marked what may have been inevitable stages of its progress. Another
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and a worthier point of view lias been tluit of tlie effect of forests

upon climate, a subject of which, it must be confessed, we know com-

paratively little. To-day this subject is largely replaced in general

discussion by the effect of forests on water supply, -with which Ave are

better acquainted. This, at last, is one of the real and vital issues

with which true forestry- is concerned.

THE TRUE CHARACTER OF FORESTRY.

This brief mention of some of the phases through which the pub-

lic estimate of forestry has passed or is passing is in no sense

intended as a criticism. It is merely an introduction to a short

description of what the writer believes to be the true character and
right lield of forestry in the United States. The subject may be

described under two great divisions, as follows:

FORESTRY IN THE WOODED RECJIOXS.

In wooded regions forestry has to do with the protection and pres-

ervation of forests, but most of all with their use. The prime object

of the forester is to make his forest produce wood, and to do that

trees must be cut down. But in order to continue producing wood
the existence of the forest must be preserved, although the mature

trees which help to compose it may be removed. Not only so, but

the essential condition of the best health and productiveness of a

forest is the timely removal of trees ripe for the ax. To put the

statement of the same fact in different form, the lumberman and the

forester both harvest the forest crop, with this difference: That in

most cases the lumberman neither expects a second crop nor tries to

provide for it, Avhile the forester always does. Instead of being

hostile or divided, as is sometimes mistakenly supposed, the forester

and the lumberman are as necessary to each other as the ax and its

helve. Without the ax the helve strikes but a weak blow; without

the helve the ax is lacking in reach and in direction. In the same
way the forester, without the special knowledge of the lumberman,

can never do effective work in preserving the forests by using them
nor succeed in a money waj', while without the methods of the for-

est<;r the lumberman will speedily exhaust his supplies of timber and
disappear with the forests he has destroyed. But Avorking together,

lumberman and forester can i:)erpetuate the supply of lumber while

saving the forests, and so secure the essential objects of both.

FORESTRY IN THE TREELESS REGIONS.

In the drier regions of the West, whore the timber is confined to

the mountains and the j-iver bottoms, the duties of the forester are

somewhat different. Tliero water is as important as wood, so that the

protection of the mountain forests has a double use. In addition,

there is the broad question of tree planting in the plains and the
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treeless valleys. At first blusli such woik might seem to fall out-side

the lirovince of the forester, on tlio ground tliat it lias to do with

trees and not with forests. But when it is remembered tliat protec-

tion and wood supply are the two objects of the work, and how
important a public service may bo rendered by the introduction

of better trees and better wa^'s of planting them, it aijpears at once

that this also is one of the tasks of true forestry.

GOVERNMENT FOREST WORK.

The work of the Government in forestry is at i)resent conducted by
the General Land Office, tlie United States Geological Survey, and the

Division of Forestry.

The care of the reserved and unreserved forest lands of the United

Slates falls to the General Land Office as custodian of the public

domain. It is charged with the safety of the public timber, outside

the boundaries of the forest reserves, through the medium of its corps

of special agents. The protection of the timber Avithin the reserves

is intrusted to forest superintendents, supervisors, and rangers, whose
duties are chiefly those of a forest police. The mapping and descrip-

tion of the forest reserves and adjacent public lands are assigned to

the United States Geological Survey. Both- the Land Office and the

Geological Survej^ are in the Department of the Interior.

The Division of Forestry of the Dei^artment of Agriculture is con-

cerned chiefly Avith forest investigations of various kinds, such as those

which relate to fire, to the growth of timber, and to better ways of

handling forest lands—questions which aifect the welfare of Govern-

ment and private timber lands alike. It is the only Government
agency directly related to the vast interests of private forest lands in

the United States. How great these interests are will apjiear when it

is known that the forest included in farms alone covers more than

200,000,000 acres—more than four times the area of all the forest

reserves of the Government.
This disijcrsion of the branches of a single subject among three

separate organizations is trebly unfortunate. It involves a waste of

energ}'', it conspires to prevent the attainment of results which might
flow from united effort, and it forces each contributor to the general

progress of forestry into comparatively narrow and imperfectly useful

channels. The steps by which this separation developed were natural

and perhaps inevitable, but as time goes on tlie essential need of united

effort will continue to make itself increasingly felt.

CONSERVATIVE LUMBERINO,

EFFECT OF HEAVY T.VXES.

Conservative lumbering is related to the matter of taxes in a very

intimate way. The wliok^ problem of private forest lands is summed
up in the question. Can I afford to hold my land for a second crop?
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Every forest owner must answer this question before lie begins to cut,

even though he may never put it to himself in words. The first con-

sideration that arises is that of taxes. "What will it cost me,"
reasons the forest owner, "to pay taxes on my land for the years

which must elapse between this cut and the next? It will take so many
years for the crop to ripen, and during that time I must pay yearly

so much per acre in State and count}' taxes, without getting any
return to offset the expense. I could bear the cost of protecting my
timber from theft, and even from fire, but can I stand the taxes?"

The general answer is "Xo." Here is the key to much, if not most,

of the destruction of forests by lumbering in this country—this and
the fact that the methods of conservative lumbering are not yet well

known among men interested in timber land. It is true that many
other considerations have weight, such as the necessity or desire to

take every stick that can be moved at a profit over an expensive rail-

road, pole road, or slide, or driven with the help of a costly dam,
none of which Avill ever be used again. But the reason whj' they can

serve but once is not free from the taint of the tax question. It will

not pay to hold tlie land for the second crop because of the taxes,

and so all tlie improvements are put in with the intention of moving
them away or abandoning them wiien the timber is cut. Hundreds
of thousands of acres in the white-pine region, notabl}' in Pennsyl-

vania, and in IVIichigan, "Wisconsin, and Minnesota, have been cut

over, abandoned, sold for taxes, and finall}' reduced l)y fire to a use-

less wilderness because of the shortsighted policy of heavy taxation.

To lay heavy taxes on timber land is to set a premium on forest

destruction, a premium that is doing more than any other single fac-

tor to hinder the spread of conservative lumbering among the owners
of large bodies of timber land. Not only does this policy lead to the

destruction of the forest, but it reduces eventually the sums raised by
taxation. Devastated lands are valueless, and therefore can nor bo

assessed at anything like their former rates. Then follows a reduc-

tion in the sums raised, and then a higher tax rate for the rest of the

real property in the region ; and so, by a roundabout but certain road,

tlie chickens come home to roost, and the men wlio invited the destruc-

tion of tlic timber that should have made and ke^it them pi'osperous

liave to pay some part at least of the penalty of their shortsightedness.

It does not change such facts as these to ex[)lain how the heavy
taxes happened to be assessed. It is true that the temptation to tax

nonresident owners is very great; that companies are often made to

suffer for their local uni)oi)ulai-ity, and that, the burden of building

and maintaining roads and bridges and court-houses in sparsely set-

tled countries Ix^ars heavily on their jieople. But when every allow-

ance has been made, the fact still remains that heavy taxes are respon-

sible for the barrenness of thousands of s<iuaro miles whieli should

never liave ceased to bo productive, and which must now lie fallow
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for many decades before tliej' can be counted again among the wealth-

making assets of tlie nation. It is not greatly to the interest of any
man to protect such wastes, and so fire runs over them year after

year, and their possible utility recedes further and further into the

futui-e.

One of the foi'emost objects of the advocates of better methods of

lumbering should be to bring about a change in the tax rate of forest

lands held chieflj' for lumber. Farmers' wood lots are far less apt to

suffer. Until such agitation is followed by a modification of the tax

rate, one of the most stubborn enemies of the forest will keep the

field—alive and powerful for harm. The extent of its power will

appear when it is stated that in Minnesota, for example, the aggregate

State and county tax on forest land sometimes amounts to G per cent

per annum on its actual market value.

The best way to accomplish the reduction of taxes on timber land

is still a matter for discussion. Perhaps the most promising sugges-

tion is to allow a definite rebate so long as the land is covered with

growing timber, as is done in Pennsylvania, coupled with a much
higher rate for the j^ears when the crop is harvested. In some such
waj' the capital invested in forest should be relieved of heavy taxes

until the harvest, or while it is not producing a money return. Very
carefull}^ drawn laws -would be essential in the adjustment of this

very delicate matter, for the merchantable forest crop is not always
harvested in full at a single cutting.

LACK OF KNOWLEDGE.

Another of the strong reasons which conspire against the introduc-

tion of better waj's of lumbering is the general uncertainty among
forest owners as to what the best methods are and what tliej' cost.

The lumberman who is disposed to consider whether he can not avoid

the devastation of the region in which he is operating, or at least do
as little harm as possible to its future productive power, is very often

checked at the outset by his lack of knowledge. With all the good
will in the Avorld, in very many cases, and with a sincere desire to

prevent the disastrous results which, within his own experience, have
so often followed lumbering and fire, he is uncertain as to what he
can do. Two things are clear: The old way of lumbering is practical,

familiar from end to end, and the risk of less is no gi-eater for him
than for his competitors, while the way to go to work to get his

logs out cheaply, and yet keep the productive power of the forest

unharmed, is unfamiliar, full of uncertainties, and perhaps discred-

ited by the remembered advice of some thoughtless lover of trees, to

"plant a tree every time you cut one down, as the Germans do."

This proverbial remedy for all the forest evils that we deplore is, it

may be said in passing, untrue in fact, impractical in operation, and
wholly unsuited to bring about the end it seeks. It is therefore not
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to be wondered at that it does not commend itself to the fn-actical

woodsman, already disposed to skepticism by not infrequent refer-

ences to his own supposed vandalism and soulless greed. But the

chief obstacle is his lack of information as to just what new methods

of cutting or logging he sliould adopt, or, rather, how far the old

methods require modification before they will secure the continued

productive power of the forest without destroying the lumberman's

profit. This is the question in a nutshell. To put it in a slightly

different form. How can the lumberman get out his logs without

destroying the capital value of his land? It must be confessed that

hitherto there has not been much done toward answering this vital

question, although it lies at the foundation of the whole matter.

Throughout by far the greater part of the United States the lumber-

man ^^ ill look in vaiii for actual exanqiles of conservative lumbering

in forests similar to his own, or for printed directions to guide him in

his work. Methods of conservative lumbering have been devised for

two inqDortant tracts in the Adirondack jMountains of New York, a

description of which, together with their results in the first j-ear's

cut, will be printed during the spring of 1899 as a bulletin of the

Division of Forestry. The earlier work at Biltmore, N. C, is already

well known among men interested in such matters. But in general

there has been, until recentlj', no ready means by which practical

information and assistance could be obtained by timber-laud owners

desirous of assuring a future A^alue for their forests without sacrific-

ing their j)resent interests too much. Such information and assistance

the Division of Forestry now undertakes to give.

The general plan under which the Division cooperates with forest

owners is as follows: When any forest owner makes known his desire

to secure the assistance offered, the first step is a preliminary exami-

nation of the land by an expert of the Division. That done, the

owner and the Division are in a position to consult as to further work.

If they are agreed upon the advisability of preparing a definite

scheme or working plan for the handling of the forest, an agreement

is signed by which the Division undei'takes to conduct any investiga-

tion that may be needed, such as careful cruising, or a study of the

trees, or of methods of lumbering, while the owner agrees to pay the

necessary traveling expenses and supply the woodsmen who may be

required as assistants. Estimates upon these items are included in

the agreement. Then, when the scheme of conservative lumbering

has been worked out, and if it is approved by the owner, the Divi-

sion, under the same conditions, will give practical assistance in put-

ting it info effect, by marking the trees to fall, inspecting the work

done, and in general contributing the same expert knowledge to the

execution of the plan as it did to its preparation. Finally, the work-

ing i)lans prepared in this way will be printed, with such fullness of

detail as will not inteifere with the business interests of the owners,
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but wiili sufficient exactness, on the otlier lumd, to enable other for-

est owners to examine, understand, and, whenever i)ossible, to apply

their methods. The fundamental idea of the whole arrangement is

to provide successful examples of conservative lumbering, and by
giving them wide publicity to acquaint forest owners with better

ways of handling their timber lands.

Applications have been received covering more than 1,000,000

acres, the plans for 100,000 acres of which have been i)repared and
are now in operation.

FOREST GRAZING.

The question of grazing has aronsed more opposition to the forest

reserves than perhaps any other single issue. For 3'ears the chief

complaint was expressed by the determined opposition to the Cascade

Range Forest Reserve in Oregon, maintained by the owners of large

bands of sheep on the east side, which they had been in the habit of

summer grazing on tlie mountains. (See PI. X, fig. 1.) It was con-

tended by the sheep men that, as the price of wool was lowered by
the charcoal stains which followed the passage of the sheep through

burned timber, it was strongly to their interest to prevent the spread

of forest fires in the mountains. On the other hand, it was thoroughly

well established that in the past forest fires have followed sheep rang-

ing in timbered regions; that by far the greater part of such ranging

would be impossible except for the clearings made by fire (see PI. X,

fig. 2), and that, whether it was to the interest of the owner or not,

the sheep herders, carelessly or by intention, have frequently set fire

to the forest.

A careful study of the whole question has been made on the ground
by Mr. Frederick V. Coville, Botanist of the Department of Agricul-

ture, whose conclusions are to be trusted. His results are strictly

applicable only to Oregon, but taken together with facts of wider

range—on the one hand, the tramping out of young growth by the

sharp hoofs of passing sheep, and, on the other, the vast numbers
of domestic animals annually grazed in the Government forests of

British India without serious harm to their productiveness and general

health—they point unmistakably to the following general conclusions:

(1) To regulate pasturage, if it is rightly done, is usually far bet-

ter than to prohibit it altogether. In the majority of ca.ses the com-
plete exclusion of grazing animals is not required. Throughout great

stretches of open forest there is excellent grass and other forage, the

harvesting of wliich by sheep, cattle, or horses will have little or no
harmful effect, provided the ranges are not overstocked, and i)rovided

again (and this is of the first importance) that before cutting begins,

or as soon as the reproduction of the forest is desired, grazing ani-

mals of all kinds are completely excluded. When the reproduction

is accomplished, and the young trees are old enough to be siife from
harm, the animals may again be admitted, but never witliout careful
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supervision and control. The length of time during which such for-

ests should he protected will A'ary from about one-tenth to one-fifth

of the time that is required to produce a merchantable tree. The
regulation of pasturage should mean that each sheep owner should

have the exclusive right to his range for a reasonable time and at a

reasonable fee; that no range should be overstocked; that definite

rules should be made and enforced, and that serious breaches of them,

or the continued occurrence of fire in any range, should forfeit the

rights of the sheep man and the money he paid for them to the

Government.

(2) Many forest regions should be entirel}^ protected against sheep.

Such are mountains where the steepness and character of the ground

and the importance of the water supply to the valleys below make the

protection of the latter of vital consequence to the resident popula-

tion. This is the case, for example, throughout the greater part of the

Sierra Nevada in California, and in the mountains in the southern part

of that State, where pasturing animals have already done the most

serious injury to the interests of the farmers in the vallej^s.

TREE PLANTING IN THE PLAINS.

Tree planting in the plains, where it has not been regarded merely

as a method of acquiring land under the timber-culture act, has had a

double purpose—protection, from wind and a supply of wood for

domestic consumption. Such planting has been carried out on avast

scale during the past thirty years. Some of it lias been successful,

but much of it has failed to answer the purpose for which the time

and money were expended. Failure and success alike have, how-

ever, been useful in furnishing experience in the light of which old

methods may bo improved, new methods devised, and additional and

better kinds of trees selected for the work in the future.

As yet no comprehensive study has been made of the planting

already accomplished, and the vast amount of experience accumu-

lated through the successes and failures of the past has not yet been

made fully and easily accessible to those who would profit most by a

knowledge of its results. Such a study the Division of Forestry is

about to undertake as a first and necessary step in the preparation

of a scheme of experimental planting at such places as will best rep-

resent an average of the soils and climates of diffei'cnt parts of the

treeless West.

]>y far the greater number of available native trees, and especially

Hu<'li as can bo supplied by commercial nurseries, have already been

tested on Die plains under such a variety of conditions of soil, moist-

ure, and eximsuro that further experiments with Ihem will, in very

many cases, Ixi rendered unnecessar}' by a thorough knowledge of

what lias already been done. To acquire such a knowledge, however,

will involve lojig and eareful work in the field. Forestry under this
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aspect, as in nearly all others, can best be studied where the trees

grow.

Since 1800 experimental planting by the Division of Forestry has

been in progi-ess in cooperation with various agricultural colleges and
experiment stations in the treeless regions. The work already done
will be incorporated, so far as the circumstances will permit, in the

new plan.
FOREST FIRES.

One of the first and most essential facts about forest fires is their

commonness. Year by year they spread over va.st stretches of coun-

tr}^, and every spring and every fall accounts of their ravages are

brought to public attention. Few forest regions escape, and by far

the greater i)art of the Avhole forest area of the United States bears

the marks of fire. Yet, the forests have not disappeared. They have
suffered enormously, and their losses from this cause increa.se rather

than diminish as time goes on, but the forests are still standing in

more or less health and value over great areas that have been burned

over tens or hundreds of times. The explanation lies in two facts,

eacli less generally appreciated than it should be, which have a vast

influence on the i)resent condition and value of Xorth ^Vmerican for-

ests. The first of these facts, established by the fire scars which mark
the lower trunks of forest trees over so large a portion of our forests,

is this: In most regions of the United States the fires that kill tlie old

timber are the great exceptions. Ordinarily, fires simply run over

the ground, burn the leaves and fallen twigs, or the grass where the

trees stand far apart, kill a few or many or all of the 3'oung seedlings

or sprouts, and leave the older trees scarred and blackened at the base,

but alive.

Where there is little combustible material on the ground, as gen-

erally happens in very open forests, it is easy to understand that the

fires are not fierce and the heat not great, so that the tliicker bark of

the old trees is usually a sufficient protection. Even here, liowever,

the damage that fires do is sometimes very great, as shown in PI. XI,

where the effect of slight fire scars, at the ba.se of a tree, upon its

soundness and utility, is seen to have been most serious. But in

dense forests, wdiere the layer of inflammable material on the ground
is often a foot or more in thickness, it is at first not easy to see why
file does not make the clean sweep that marks the exceptional devas-

tating conflagration. It is very common, in such a forest, to find eveiy

tree marked by fire, but not one killed. The reason is that only the

upper layer of the litter, to the depth of an inch or a few inches at

most, Avas dry enough to burn at the time the fire went through. Such
an instance is shown in PI. XII, fig. 1, together with an illustration

(PI. XII, lig. 2), drawn from the same region, in which the whole forest

lias succumbed.
The second of the influential facts above referre<l to is that the
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trees now on the ground are the successors of tens or hundreds, or,

perhaps, of thousands of others which formerly occupied the surface

of the country, and in due course grew okl and died, or were killed

by fire or thrown by the wind or the ax, and so have made room for

their followers. In the same way present generations must eventu-

alh' be followed by others, whether decay, wind, fire, or the ax be

the final means of their taking off. Tlio important point is that a

forest once destroyed is rarely destroyed forever. If this were not

true, it is safe to say that scarcely an acre of timber would now be

standing on this continent. The home-coming of the forest to land

from which it has disappeared is often a very slow and delicate proc-

ess, but in the end some sort of forest cover may be counted on to

take the place of that which has gone. Hence, it is that the devastat-

ing fires which have swept over this country for centuries have not

succeeded in leaving it barren of trees. Forests, like nations, endure

only at the expense of a constant succession of births and deaths

among the individuals which compose them.

The question from a practical point of view, however, is not whether

a given area will eventually grow trees again, but rather whether it

can be of some practical use to mankind without prohibitory delay.

Thus, a fire which may be only one of a long series of periodic devas-

tations in the life history of a forest may mean the loss of all its value

to humanity for so long a time that it is commow. to hear it "said that

such and such a piece of forest land has been made desert forever.

A tyj)ical illustration of the relation of fire to the existence of a

great forest, and an indication of its power in determining the kinds

of trees of which the forest is composed, is found on the north side of

the Olymijic Mountains of western Washington. The magnificent

forest about the base of this range would seem at the first glance to

be wholly untouched and unaffected by any enemy except the wind

and the ax. It has been described as the one region in the United

States where the forest is entirely unaffected by human action. Yet,

a little study shows that great stretches of it, at least, have been
burned over within a comparatively recent time. Underneath and
among the roots of the standing trees there is a layer of charcoal

left by the fire that cleared the ground for their occupation, which

may be brought to light by a little digging, or which can be seen with

less trouble when tlie wind has overthrown the trees and exposed

the ground in which they stood. But still more conclusive evidence

is supplied by the rotting, fire-.scarred stubs of old tro<^s standing in

the midst of tlio young, unsconihed generation which followed the

fire. (See PI. XIII.)

II«'r(3 is a i)erf('ct example of the entire recovery of a forosl after its

apparent (h^struction by fire, but the case has yet another interest.

The Douglas Fir (lied Fir) is the most important timber tree of this

forest, through whic^li it is very widely scattered. It is a cui-ious
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fact that during ;i trip of some length througli tlie northern Olympic
]-egion tlie writer Avas unable to find a single seedling of this tree

under the forest cover. Yet, wherever there was an opening cleared

by fire thej'^ were plentiful. This seems to show, although further

evidence must be gathered before the case can l)e fully established,

that the composition of this great forest is largely determined by fire.

We have already seen how intimately fire is related to its very

existence.

So much for some of the more obvious characteristics of forest fires.

Yet, even such elementary facts as these are little known, and what
scant knowledge has been gathered and printed regards only a very

few of the forest types which are so numerous and so diverse over the

vast wooded areas of this continent. As yet the study of forest fires

ill North America can hardly be said to have made more than the

most elementary progress.

The broad and vital question of forest fires falls naturally into two
parts, one largely statistical, the other dealing with the natural history

of the fires. About neither of them has a satisfactorj' volume of facts

been gathered, although much more is known of the damage they do
and the area tlie}^ cover than of the details of their behavior and the

effect they have on the soil, the trees, and the general character of the

forest. The records of fires, for the most part, are found only in the

forests themselves, in the vast numbers of scattered references to

them in the public press, and in the statistical files of those insur-

ance companies whose policies, directly or iiidirectlj*, the)' effect.

Hence, one of the most imj)ortant pieces of work in regard to forest

fires yet unaccomplished has recently been begun by the Division of

Forestry. It is a study of the number, date, extent, and damage of

the fires which, both before and since the advent of tlie white man,
have swept from time to time through the forests of the United States;

and already a classified list of over 1,200 fires has been made. Such
a record will furnish the best available means for estimating the pro-

digious loss yearly suffered bj' the country from this cause, and at the

same time will show, more clearly than is possible at present, the dan-

gerous zones, the centers from which fires spread, and the relative

degree in which particular localities throughout the country have
already been heavy losers in the past, or are likely to need special

precautions in the future. It is true, of course, that the great danger
bolts are already known, and that the people who live in places spec-

iall}' exposed to fire are alread)- acquainted with the risks they run;

but until the record of fires is far more complete than it is atjiresent,

many of the facts essentially needed to provide against loss or to

awaken public sentiment will remain out of reach of any but local

inquiry.

Beyond the somewhat ti-ite fact that they burn and do iiidefinito

damage, little is known about tlie real nature of forest fires in the
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different regions and types of forest in the United States. How they

move over the ground in wet and dry weather, how they are helped

and liindered, how they affect the soil, what harm they do to the stand-

ing trees and wh}% how they aifect the reproduction of the forest and
determine the kinds of trees of which it is made up—all these ques-

tions have been left almost untouched except upon the surface. It

is true that vague general answers can he given to most of them, but

of real study of forest fires there has hitherto been very little. In

this line also the Division of Forestry has recently undertaken to

supply the lacking information. During the past season field work
w^as begun in C()lorado,"\Vyoming, ]Montana,AVisconsin, and New York,

chiefly in cooi^cration with the United States Geological Survey, and

some progress has been made.

It may fairly be asked what is the practical value of such studies

of the history and nature of fires as those just described. The an-

swer is that every kind of knowledge of an enemy may be used

against him. Thus, if it is learned that in a certain region fire travels

in a wedge-shaped mass, witli tlie fiercest heat and the most rapid

progress at the point, it follows that the place to attack it is at the

point of the wedge, and that the very common method of attacking

the wings is usually a waste of time. In a similar way an accurate

knowledge of the great damage which follows hasty and unwise back-

firing in any given region will be of use in suppressing it.

The study of how the fires burn yields direct assistance to the men
whose homes lie in the threatened district. In a somewhat different

way the historical study of fires will be of use, for whatever helps to

call attention to the magnitude of an evil helps at the same time to

weaken its capacity for harm. If the vast destruction fires have

occasioned can be brought thoroughly home to the public mind in

terms of lives lost, homes destroyed, and wealth gone up in smoke, a

factor of notable power will be set to work in bringing about the final

extinction of this gigantic leakage of the national resources. There

is no friend of any public wrong so powerful as uncertainty or

obscurity, and no foe to loss by fire so efficient as an awakcn(Ml

public sentiment.

In these and many other ways a full and clear knowledge of forest

fires under their various forms will help to rid the country of the

immense and useless loss tliey bring from year to year.
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Fig. I. -Band OF Sheep grazing on Cascade Range Forest Reserve, Wasco County,
Oregon. (High Prairie; Altitude, 4,000 feet.)

Fig. 2. Seven-year-old Burn without Reproduction, on Cascade Range Forest
Reserve, Wasco County, Oregon. (Altitude, 3,500 feet.)
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Fig. 1. -Western Yellow Pine scarred at the Base by Fire, Hay Canyon, Black
Hills Forest Reserve, South Dakota.

Fig. 2.—Timber ruined by Fire Scars many years after the Fire, near Hill City,

S. Dak., Black Hills Forest Reserve.

(Hy permission of Henry (iaimett, KeoKi'aplier, U. S. HeoloK'ii"! Survey.)
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Fig. 1.— Roots of Western Hemlock partly exposed by Fire, Olympic Forest

Reserve, Washington. 'Soil still covered with inflammable Waste, which

at the time of the Fire was too wet to burn.;

Fig. 2. Mineral Soil laid bare by Fire, with charred Fragments of Douglas Fir

iRed Firi, Lake Crescent, Olympic Mountains. Washington.





Yearbook U. S Dept of Agriculture, 1898 Plate XIII.

Fig. 1 .—Charred Stub of Douglas Fir (Yellow Firi, with young
Trees of Douglas Fir 'Red Fir) grown since the Fire, Sole-
dug Valley, Olympic Forest Reserve, Washington.

Fig. 2.—General View of old Fire-killed Stubs (on the left and in the Back-
qroundi and young Trees grown since the Fire, all of Douglas Fir (Yellow
and Red Fir>, Soleduc Valley, Olympic Forest Reserve, Washington.





WEEDS IN CITIES AND TOWNS.

By Lyster H. Dewey,

Assistant Botanist.

GENERAL REMARKS.

In Jill cities and villages there are vacant lots awaiting purchasers,

and in many agricultural districts the unused land in towns often

exceeds in proportion the unused land in the surrounding farms.

These vacant lots are held in expectation that they will be used some
time for building sites, and their value depends on their situation and

adaptability for this inirpose. Until buildings are erected upon them

they are usually given up to whatever will grow. While unused land

in the country is generally covered with native vegetation, chiefly

perennial grasses and timber, that in cities and towns has usually at-

some time been under cultivation, so that the native vegetation has-

been destroyed, and its situation is such that it is most readily seeded

with migratory weeds. The seeds are introduced in the packing of

crockery, the sweepings from stores, rubbish from j'ards, cleanings

from stables and stock cars, and in various kinds of garbage and

refuse, too commonly deposited on vacant lots. Sometimes lot owners

encourage the dumping of all kinds of material on their land to bring

it up to the grade of adjacent streets, and when the desired grade is

obtained the made ground, full of weed seeds, is left untouched. The
conditions for weed production have been most admirably prepared,

and the luitural result is a plentiful croji of weeds.

There is no direct pecuniary incentive to destroy the weeds, since

no crops are injured bj'' their presence. In fixing the value of a resi-

dence site the distant view of mountain, lake, or river is an item of

considerable importance, but a weed patch across the street or on the

next lot is too often not taken into account.

CHARACTERISTICS OF CITY WEEDS.

The weeds of cities and villages are usually of the migratory class,

cosmopolitan in character, ami ca[)able of thriving under a wide range

of environment. According to the early European works on botany,

plants from Asia, adventive in Euroi)e, usually appeared first in cities.

Many of these plants are iu)w found about the cities and towns of

this country. Others are native plants which have withstood the

clianged conditions due to cultivation and have acquired a weed-like

habit. In the Eastern cities and in those on the l*acific coast Old

1 a08 13 i'J=^
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World species predoininate, while in tlie cities of the interior, espe-

cially in those west of the Mississippi River, there is a larger j^ropor-

tion of native j)lants. The species xixvy in different cities, in different

years, and in different seasons.

In Washington, D. C, the wild onion of winter and early spring is

followed bj^ the dandelion and bulbous buttercup; then come the

wild carrot, prickly lettuce, and sweet clover, and these in turn are

jiartly displaced in the fall by horseweed, ragweed, cocklebur (fig.

45), ^lexican tea, slender pigweed, and jimson weed. Chicorj-, horse-

Fin. ("i.—Cockiobur (Xnnlhium cctnadcnac). Fig. 46.—Tall r.igweed (Ambrosia trifida).

nettle, burdock, and gum succory are in abundant evidence through-

out the season. Some of the most prominent weeds in Boston are

bui-dock, rough pigweed, chicory, and fall dandelion. In Chicago

rough pigweed, tall ragweed (fig. 4G), and cocklebur are abundant,

while there are hundreds of acres within the city limits covered almost

completely with Canada thistle, aud in several places Kus.sian thistle

is rapidly increasing. In Denver false ragweed, squirrel-tail grass,

and Russian Ihi.stle are among the most noticeable weeds, and in San

Jose, Cal., the vacant lots are chiefly occupied by wild licorice, spiny
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cocklcbur, wild heliotrope, milk thistle, and tarweeds. In Atlanta,

Augusta, Auburn, Mobile, and most of tlie cilics of the Gulf States

the weed that is by far the most injurious and the most prominent
after midsummer is fine-leaved sneezeweed (fig. 47), a very bitter,

yellow-flowered composite, which has been introduced during the past

fifty years from Avest of the Mississippi.

Among the most noticeable introductions in cities during the past ten

5'earsaregalinsoga (fig. 48) in several cities of the Xortheastern States;

Fig. 47.—Fine-leaved sneezev/eed (Helcnnun
tetniifutium).

Fig. •!>'.—Oalinsot^a (Galinsoga j)arvi-

flora).

Russian thistle, spreading eastward in cities from Michigan to 31assa-

chusetts; buffalo bur, also migrating eastward; wild carrot, migrating
westward; false ragweed (fig. 49) in the valleys of the Missouri and
Upper Mississippi, and prickly lettuce in all parts of the country.

All methods of seed dispersion are represented in city weeds, but
those weeds having seeds adapted for distribution by wind or by burs
are most abundant. In the vacant land about woolen millsbur-bearing
weeds are especially abundant, while in the vicinity of grain elevators

those weeds abound whose seeds are fre(iuently found in gi-ain.
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SOME GOOD EFFECTS OF WEEDS.

The presence of weeds on vacant city lots is not quite an unmixed
evil. "While young and growing they are certainly more pleasing to

the eye than the bare ground or the more unsightly rubbish which

they conceal. Some species, such as oxeye daisy,wild carrot or "Queen
Anne's lace," and the wild asters, have verj^ i^retty flowers that would

be considered beautiful if they did not grow on common weeds. The
pokeweed, witli its bright red stems, variegated foliage, and shining

purple-black berries, gives a

\.̂»
si

touch of brilliant autumn color;

and poison ivy, which is too

often retained in parks for the

beautiful effect of its foliage in

autumn, decorates as well many
walls and fences about neg-

lected vacant lots.

The weeds growing within

easy reach of pupils and teach-

ers in city schools furnish some
material for botanical studies,

though this source of material

does not seem to arouse botan-

ical enthusiasm like a ramble in

the woods.

Birds find in weed seeds a

considerable portion of their

food supply, and sometimes

make their nests in the larger

weeds; but cockleburs, burdock,

tliistles, ragweeds, and other

coarse species might well be re-

placed by seed-bearing grasses

and clovers, which are better

liked by seed-eating birds.

Asters, sweet ck)vers, this-

tles, and some other weeds

wlien in flower fui-nish lioncy bees witli noctar, but if the coai'se

weeds were cut there would doubtless be plenty of honey-pi'oducing

plants left for the few bees which are kept in cities and vilhiges.

Growing weeds, like other plants, purify the air, andhci-ein lies the

chief benefit conferred by their pi-esence in cili<'s, avIum-c numerous

fires in dwellings, factories, and locomotives, and the breathing of

the people continually rob the air of its oxygen and charge it with

carbonic-acid gas. (irowing i)lants, weeds as well as others, reverse

this process. They withdraw from the air carbonic-acid gas and

sometimes other injurious gases, and give off oxygen, thus tending

Fui. 49.—False ragweed (Iva xanthi/olin).
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to purify the air and keep it supplied with the most essential element.

A vacant lot covered with healthy i^i-owing weeds is better for the

public health and is certainly more pleasing to the eye than the bare

ground.
SOME BAD EFFECTS OF WEEDS.

The injuries resulting from the presence of weeds outweigh many
times all the good that can be ascribed to them. The}" harbor inju-

rious insects and fungous and bacterial diseases of cultivated plants.

Many insects injurious to garden and field crops also live on weeds,

upon which they thrive and multiply, and thus keep up their numbers
ready to attack their favorite cultivated crop as soon as it is left unpro-

tected. The control of insect enemies and fungous and bacterial dis-

eases of field and garden crops is rendered much more difficult and
their extermination, in some instances, is made practicallj' impossible,

because they exist on weeds that are not subject to the care bestowed
on cultivated crops.

While weeds are growing they aid in purifying the air, but when
growth stops and the}' begin to decay their effect is just the opposite.

They then absorb oxygen and give off carbonic-acid gas. A mass of

rank vegetation decaying on vacant lots, such as is often seen even in

the finest residence sections of large cities, can not be otherwise than
unhealthful. Growing weeds also absorb and evaporate the surplus

moisture from the soil, but when dead, absorption ceases and they

shade the soil from the purifying and drying effects of sun and wind,

and keep it damp and sour, a fit breeding place for malaria.

Some of the most abundant and widely distributed species, as- the

ragweeds, produce immense quantities of pollen, which is extremely
irritating to persons afflicted with hay fever and asthma.

Several species of weeds produce very disagreeable odors, as the

mayweed, stinkweed, and tarweed. Residents of Eastern cities com-
plain bitterl}' of the flavor of garlic in the milk delivered to them,
yet they allow the garlic to grow so abundantly in their own yards
that the odor fills all the houses in the vicinity when the lawns are

mowed.
Plants that are dangerously poisonous are found in a large number

of the cities and villages throughout the countrj-. Henbane or deadly
nightshade is found in a few localities. Jimson weed and purple thorn
apple are common in most cities east of the Mississippi River. Their
seeds, Avhich are somewhat attractive, are very poisonous, and children

fall victims to them every year. Nine cases of poisoning from this

source were reported to the Department of Agriculture in 1807.

Pokeweed, the root and seeds of which contain a virulent poison, is

abundant in most of our cities. Poison ivy in the Xorth, low poison
ivy in the South, and poison oak on the Pacific coast, altlumgh not
strictly weeds, deserve mention among the dangei'ous plants which are

frequently allowed to grow in cities and villages.
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There is usually very little space for children's playgrounds in cities,

and often the open i^lacos that might be used for such purposes, includ-

ing the occasional vacant lots in sections where land is valued at from

$10 to $50 per square foot, are covered with coarse weeds and poison-

ous iilants. In Washington, D. C, a vacant lot three blocks from the

\Vhito House was covered during the summer of 1S98 with a luxuriant

growth of burdocks, even the signboard being hidden by the weeds.

Opposite a million-dollar mansion, in the same city, is a vacant lot,

which, for five years, has been given u]3 almost exclusively to Can-

ada thistle, chicory, and ragweed. This weed patch, which would be

a disgrace even in the back fields of a careless farmer, is practically

all that can be seen, save the backs of houses, from the front windows

of the mansion. Close by, in striking contrast with this neglected

lot, is a beautiful public park with carefully trimmed green lawn and

well-kept shrubbery. These two extremes are found in close prox-

imity in many of our large cities, and from these must the children

draw their daily lcs.sons of nature. In one she is ugly and repellant

with thistles and burs, and in the other she is too fine to be touched.

In less valuable sections of the cities the children keep down weeds

on parts of vacant lots by their constant tramping.

Weed patches may be places of interest for the amateur botanist

who watches the coming and going of the different species and notes

the various adaptations of plants to city life, but for the majority of

city dwellers they ruin what little taste may be left for the beautiful

in nature.

State weed laws are rendered ineffective by the unchecked produc-

tion of weeds in cities. The Canada-thistle law in Illinois is probably

better enforced in the country districts of that State than are the

weed laws in any other section of the country, and the thistle could

be easily kept in control there were it not allowed to grow undis-

turbed in Chicago and other largo cities, whence the seeds are carried

by wind and railway cars to infest new areas. In many of the smaller

villages the State weed laws are well enforced, or the weeds are kept

down because of local pride in neatness, Avithout recourse to the law,

but this is seldom true in the larger cities.

Injurious migratory weeds arc usually first introduced into cities and

spread from them to the farms. There are a dozen chances for the

original introduction of a weed in cities to one upon the farm. Fine-

leaved sneezowecd first appeared about cities in the South, and is

now spreading to the grazing lands and cotton fields. The Canada

thistle in its progress across the continent has been distributed by

railways, first to the cities. Prickly lettuce lias usually been first

observed in cities and towns in its remarkablj' rapid spread over the

country. The Russian thistle, indeed, was first introduced into the

United States on a farm, but being taken to the cities, it now most

frequently spreads from them to the farms. In many instances these
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introduced species could have been easily destroyed upon tlieir first

appearance in the cities and towns, and millions of dollars danu-i.^'e to

the fanners thus averted.

SUGGESTIONS FOR IMPROVEMENT.

A vacant lot unused and given up to the growth of weeds is of very

little benefit to anyone, and is, furtliennore, a source of danger if

not of certain injury to the community. The public welfare demands
that all elements dangerous to life or health be removed. This would
require the extermination of the jimson weed, pokeweed, and other

poisonous plants. It would also require the removal or destruction

by fire of all masses of coarse weeds as soon as they stop growing.

Tliese requirements are sometimes secured by the regulations of

health officers.

Something beyond mere sanitation should be demanded, however.

A vacant lot should be made to jield its highest possible value in use

to the i)eople. There v/ill then be greater incentive to keep it free

from weeds. The vacancy of a lot, even though regarded as only a

temporary condition, should not prevent it from being put to good
use until needed for building purposes. In the crowded portions of

cities its best possible use is doubtless to fonn a playground for chil-

dren. These need not be elaborately fitted up with costly apparatus
like the modern playgrounds in the parks. They need onl}- to have
the weeds removed and the surface made reasonably level, cleared of

rubbish, and seeded to some hardy perennial grass. Many lots, long

vacant, will be already partly covered with turf-forming grasses, and
will require only the removal of the weeds, when the grasses already

established ^\ill spread over the entire surface. Other lots having
nothing bqt a growth of ragweeds and coekleburs will have to be
plowed, harrowed, and seeded to grasses. Recently graded lots, or

those with sterile soil, will not at first support a- good growth of grass,

but white melilot, the "white sweet clover" so common on waste land,

may be grown on them unless the soil is too sandy. This plant forms
dense copses 3 to G feet in height, offering some of the bad features

of tall weeds, but it is less objectionable than coekleburs, burdocks,

and thistles, and it is rarely a troublesome weed on farms. It should

be mowed or plowed under soon after flowering. This will rapidl}'

improve the fertility of the soil so that grass may be grown. The
grasses which survive best in waste land, unwatered lawns, or in

parks may well be taken as an indication of those best adapted for

seeding vacant lots. Soil, rainfall, and climate will determine whicli

may l)e best in specific cases, but in general the following kinds are

recommended: For the South, Ijerninda grass, St. Augustine gi'ass,

and carpet grass; for the North, Kentucky blue grass, various-leaved

fescue, creeping bont, and smooth bi'ome gi-ass. Comm(m white

clover in the North and Jajwn clover in the South are recommended
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for sandy soils. After the land has been leveled and covered with a

turf it Avill require little fuither attention except an occasional mow-
ing. The children, by their tramping, will keep down some of tlie

w^eeds, and they niaj^ be encouraged to destroy others that appear.

It is not expected that a fine, even tnrf will be maintained equal to

that in the parks, nor is this essential for the purpose in view. The

grass will remain green during most of the year, and when the leaves

do turn yellow and decay there will not be enough of them to pollute

tlie air or induce disease.

In the outskirts of cities or in villages where there is plenty of open

space for the children, vacant lots may well be used by the needy or by

people out of employment for the cultivation of vegetables, according

to the plan tried in Detroit, Buffalo, Columbus, Brooklyn, and Chicago,

which has generally proved very successful for the purpose intended.

Besides supplying the immediate wants of the deserving poor and pro-

viding healthful exercise, this work tends to give a wholesome taste for

agricultural life. To obtain the highest benefit from vacant lots used

for this purpose, and to prevent them from being overrun with autumn

weeds, they should be cleared up and seeded either to crimson clover

(where this will grow) early in the fall or later to rye. These plants

will cover the naked ground and keep doAvn weeds. Crimson clover

will increase the fertility of the soil, and in the spring its bright flow-

ei's will repay many times the slight expense of growing it.

Where there are large areas of partly improved parks or subdivi-

sions not yet placed upon the market, the vegetation may be kept

down at slight expense by pasturing sheep on them. This method is

pursued in Druid Hill Park, Baltimore, and in Central Park, New
York, and it is found that the sheep make very effective and very

economical lawn mowers.

The work of destroying the weeds and improving vacant lots can

doubtless be done best by municipal direction under tlie immediate

supervision of the park or street departments. In the larger cities it

may be difficult to obtain the necessary municipal legislation. City

authorities nuiy wait to feel the pressure of public sentiment, and

public sentiment may need to be educated to a just appreciation of

the benefits to be gained. A few good examples, which may be jiro-

duced through individual effort or by the united action of a small

community, will demonstrate the practical utility of the work and

lead to its extension. Examples of this kind are now found in many
villages and suburban towns. If the practice can be made general

in the cities and towns throughout the country it will cut off one of

the i)rincipal avenues for the introduction of foreign weeds.



THE USE OF KITES IN THE EXPLORATION OF THE
UPPER AIR.

By C. F. Marvin,

Professor of Meteorology, Weather Bureau.

HISTORICAL NOTES.

Ever since man began to observe and measure the conditions of the

atmosphere around him a good deal of effort has been expended to

find out what sort of conditions prevail high up in the free air.

From what is known at present it seems that kites, which are so old

that history does not tell us certainly of their origin, were the first

things employed to gain this information. Xearlj^ one hundred and
fifty years ago Dr. Alexander Wilson, an astronomer in Edinburgh,

Scotland, attached thermometers to kites which he flew to great

heights, and thus ascertained the temperature in the clouds. Two
years after this, but without any knowledge of Dr. Wilson's work, our

own Franklin drew the lightning from the thunderclouds by means of

a kite, and demonstrated its likeness to the electrical sparks produced

hy the laboratory machines. Balloons were unknown at this time,

and over fifty years elapsed before scientists began to use them for

conducting researches in the upper air.

In 1895 Prof. Willis L. Moore, the present Chief of the Weather
Bureau, decided to undertake, by means of kites, the most complete

survey of the free upper air ever before attempted. The plan adopted

was to equip a number of stations distributed over the United States

with kites and to make daily ascensions, sending up automatic instru-

ments to a nearly uniform height of a mile if possible, the object

being to secure a record of the meteorological conditions in the free air.

Prior experiments made at the Weather Bureau and by others else-

where had demonstrated the possibility of using kites for such a pur-

pose, but very much remained to be done to bring the whole kite

apparatus to that state of efficiency required in securing a successful

execution of so difficult an undertaking.

While the Weatlicr Bureau has been conducting tliis work, which

comprises almost daily observations in a free horizontal air stratum

about a mile high, independent kite ascensions have been made by

several private individuals, the most important of whi<-h in the

United Slates are the ascensions nuide at the Blue Hill Observatory,

near Boston, under the diiection of Mr. A. L. Kotch.

The results from a single station of tins sort serve to show only the

•Jul
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change in atmosplioric conditions as the kites pass np or down
tlirough successive strata; or, if the kites are kept continuously at a

fixed elevation, the observations show the change in conditions from

hour to hour.

In Eurojie small balloons, equipped with automatic instruments,

have been cast free, from time to time, and have ascended to very

great heights l)efore losing their bouyanc}', when, slowly falling to

the ground, they have thus brought back records of the conditions at

extreme heights in the atmosphere which were never reached before.

Latelj' European jueteorologists have employed both kites and bal-

loons for atmospheric explorations, so that we may fairly say that

kites are uoav no longer toys only, but are highly valuable pieces

of scientific apparatus as well, the use of which will no doubt be

grcatlv extended in the near future.

Fig. 50.— Standard Weather Bureau kite.

STANDARD WEATHER BUREAU KITE AND APPARATUS.

TUK KITE.

The modern scientific kite is a far more efficient structure than any

of the well-known toys, but its construction is correspondingly com-

plicated, and, in most cases, somewhat more than the average

meclianical skill and facilities are required to build one. Fig. 50 is

taken from a photograph of one of those used by the "Weather Bureau

in its .aerial Avork. The oval oliject seen suspended between the cells

is the automatic instrument which produces tlio desired record.

This kite contains nearly 70 square feet of supporting surface, and,

in a stiong wind, will exert a pull amounting to from GO to 100 pounds

and over. Of course, such a kite can not be flown and managed
directly from the liand. The line is carried upon substantial reeling

api)aratus, which, in turn, is securely anchored to tlie ground.
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reel revolves upon the table beneath, thus permitting the wire to lead

off to the kite in whatever direction it may take.

The unwinding of the wire under the pull of the kite is perfectly

and easily controlled by a brake, the lever of which is seen project-

ing to the right in the figure. A spring attached to one of the crank

handles eimbles the pull of the kite, in jiounds, to be determined.

Certain dials arranged on the axle of the drum give the amount of

wire out to the kite, and finally, the inclination of the wire is shown

by means of a graduated arc and radius rod, seen over the drum in

the figure.

A matter of great importance in the construction of a kite reel is

to secure sufficient strength in the rim to withstand the enormous

cumulative pressure exerted by a large amount of wire wound in

under great tension. A single turn of wire around the drum under a

uniform strain of 50 pounds, for example, tends to produce a com-

pressive stress of 50 pounds at eveiy jjoint around the rim. The
next turn, at the same tension, adds 50 pounds to the preceding stress,

and so on. Two thousand turns at this rate will, therefore, produce

a i^ressure of 100,000 i:)ounds, or 500 tons. The heavy rim of the cast-

iron drum, shown in fig. 51, is calculated to safely resist a crushing

pressure of fully 1,000 tons. In actual practice the crushing pressure

is not quite so great as that calculated by the process indicated above,

because the material of the reel yields a little as the pressure increases,

and this lessens the tension on the turns of wire already wound on

the drum. The side flanges of the drum must also be very strong, as

the wire crowds sidewise against these with great force. It is best on

this account not to wind the wire on in smooth and even layers, but

rather to crisscross the turns of wire slight!}', but in a regular man-

ner. Wound in this way, the wire tends to suiiport itself, even with-

out side flanges; at any rate, the lateral pressure is greatly reduced,

and, moreover, the outside turns of wire are not able to squeeze down
through what is already wound on the reel, as they tend to do when
the wire is wound in an even manner like thread on a spool.

When flying at an elevation of from 5,000 to 7,000 feet, one of the

Weather Bureau kites, supporting its instrument, will pull from GO to

80 pounds, if not more, and from 8,000 to 10,000 feet of wire will be

out. To wind all this wire in under such conditions is really a very

laborious operation, and generally requires two men at pretty hard

work for from a half to thf('e-<iuarters of an hour or more.

In fig. 52 tlie automatic hand or steam kite reel, designed by the

writer for use at the central station just outside of Washington, D. C. , is

soon as it appears completely housed and not in use. The reel, with a

portif)n of Hh^ engine ariangcd for s<'rvice, is shown in I'l. XIV, fig. 1.

The drum is of the same strength and construction as the one shown

in fig. 51 and can be operated by hand by aid of cranks, which can be

applie<l or <letachcd at any moment desired. One is seen in PI. XIV,
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fi<^. 1,011 the end of the axis of tlie druni. It is usually employed in

this position to aid in startin<j; a kite in flight dui-in,<r li^ht winds. The
crank can also be operated on the end of the shaft, seen a little farther

back in the same figure. In this position of the crank the drum is

driven indirectl}^ but with increased powei-, by means of the geai-ing

shown.

In a favorable wind the tension on the line is more than sufficient

to unwind the wire and the ascension of the kite is then controlled by
means of the lever in'ojecting upward at an angle in the rear of the

drum. This operates the strap-iron brake fitted around the flange of

the drum, and a very gentle pressure suffices to regulate the speed of

the drum or to stop it completely even with the wire under the greatest

tension.

Ordinaril}", the work of winding in the line is done with the engine,

the main shaft of which is extended across the reel box close to the

Fia. 52.—Automatic baii^ or steam reel housed.

floor. A belt from this runs the shaft carrying the small gear wheel.

The large gear wheel runs loose on the axis of the drum, but when it

is desired to wind in wire a lever at the back of the reel, not seen in

PI. XIV, fig. 1, is gradually shifted, thereby slowly starting the drum
into revolution by means of a friction-clutch connecting it to the large

gear wheel.

The arrangement of wheels seen in PI. XIV, fig. 1, in front of the drum
serves several purposes. The wire from the drum passes first down-
ward and underneath the dynamometer and distributing wheel, thence

up through the hollow support of tlie wheel seen at the tt)p of the

figure, over which the wire passes out to the kite. This latter wheel
is free to turn, castor fashion, on ball bearings, about a vertical axis

and align itself to the direction of the kite.

The first wheel inside the box, around which the wire passes, is
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mounted in a pivoted frame governed by springs. The pull of the

^vire stretches the springs more or less, and the corresponding motion

of the pivoted frame is communicated to the index and recording pen

of the dynamograph, the recording cylinder of which, with some of

the details, can be seen in the front of the figure. By this arrange-

ment the tension on the line is indicated and can be continuously

recorded at all limes, no matter whether the wire is in motion either

way or standing still.

Furthermore, this same wheel in its pivoted frame is so mounted as

to oscillate laterally in a regular manner, thereby guiding and distri-

buting the wire over the surface of the, drum in a prescribed manner.

The oscillating motion is given to the wheel by means of the cam,

plainly seen in tlie figure. For the reasons already given, the guid-

ing mechanisms distribute the wire in a crisscross fashion, so arranged

that the turning point at the flanges of the drum occur successively

at different x>oints around the circumference, thus avoiding the

heaping up of the wire at certain points.

The wheel at the top of the figure is just 3 feet in circumference,

and serves to indicate the length of wire out by means of a suitable

dial mounted at its axis. The length of the wire is also indicated by

another set of dials operated directly from the axis of the main drum.

The bent radial arm and graduated arc, seen attached to the top

wheel, are emx)loyed to measure the angular inclination of the wire

as it leads off to the kite.

THE METEOROGRAPH.

The instrument sent up with the kite to secure the automatic record

of the conditions of the air is called a meteorograph. It is quite a

complicated and remarkable affair, and withal, is very light, weighing

only about 2.1 pounds. The instrument is seen in fig. 50 as it appears

attached to the kite and inclosed within its light, aluminum case.

PI. XIV, fig. 2, shows the mechanism inside the case.

The sheet upon which the record is produced is wound around the

cylinder seen at the bottom of the figure. A clock-work inside the

cylinder causes it to revolve at a slow and uniform rate of one revolu-

tion in twelve hours.

Four different meteorological conditions are recorded by the four

pens of this instrument. The pen on the right traces a line on the

paper which shows the humidity of the air, the pen being actuated by

a.strand of human hairs stretched inside the long tube seen at the top

of tlio figure. Those hairs liav«' the property of lengthening when

subjected to moist air and shortening in dry air.

The next pen toward the left traces a lino ui)on the record sheet,

which shows the i)rossuro of the air, the pen being actuated by the

gang of five round, tliin, objects seen between the pressure and

humidity ])ons in the iiguro.
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The next pen in order traces a line sliowing the temperature of the

air, whicli aels upon a special form of thermometer contained within

the long tube at the top. When the instrument is attached to the

kite the wind blows directly through this tube, thereby acting strongly

upon both the thermometer and the hair hygrometer inside.

The pen at the extreme left is designed to record, electricall}-, the

velocity of tfio wind. For this purpose a small anemometer, not shown
in any of the illustrations, is fixed to the kite and connected to the

instrument by wires The pen will then make little marks on the

record sheet corresponding to every 2 miles of wind movement.

OB.JECTS OF EXPLORATIONS.

A very few remarks will show the great importance in meteorologi-

cal studies and weather foi-ecasting of such observations as can be
obtained by means of kites. Those give the conditions prevailing in

the free atmosphere, often in and above the clouds themselves, at

points far removed from the disturbing effects of great cities, forests,

the eai'th's surface, etc. In fact, observations thus obtained are truly

characteristic conditions of great masses of the atmo.si)herc, and when
regularly and comiiletel}'^ determined thej?^ afford far more exact and
prol)abl3'^ earlier indications of important forthcoming atmospheric
changes than the most elaborate observations taken at the surface.

The tops of our highest buildings are, after all, but an insignificant

distance up in the free air, and all surface conditions are always
modified as a result of the actual contact of the air with the earth and
the immediate effect of the latter upon adjacent portions of the air.

CONSTRUCTION OF A MODERN KITE.

As some of the readers of this paper may desire to build and fly a

good tailless kite of modern type, a simple method of constructing

a small-sized cellular kite for pleasure purposes is given in detail.

Fig. 53 shows a perspective view of the kite complete.

THE STICKS.

The sticks are best made of straight-grained spruce, but white pine
also answers very well. Either lonsdale cambric or calico may be
used for the covering. Some small tacks and coarse, Avaxed, linen

thread are also required. The sticks should be cut to the following

dimensions:

Four longitudinal corner spines, one-fourth of an inch thick, fivo-

eigiiths of an inch wide, and 40 inches long.

Two central longitudinal spines, three-eighths of an inch s(iuare by
40 inches long.

Two short vertical struts, one-fourlh of an iiicli ihick, 1 inch wide,

and 11 f inches long.

Four diagonal struts, one-fourth (»f an inch thick, fivc-cighlhs of an
inch wide, and 37^ inches long.
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Tlio real backbone of tlie kite consists of a central truss, which is

made up as shown in fij^. 54.

Tlie h)ng sticks are tliree-eightlis of an inch square. At 5^ inches

from each end a slight notch is formed on one side to receive the

uprights, A notch is shown at n, and its deptli sliould not exceed one-

FiG. 53.—Perspective view of a modern kite.

sixteenth of an inch. The notches may, indeed, be omitted entirely.

Tlie uprights must be cut perfectly square and true on the ends, and

are then cut to the form shown at B. These are seated squarely in the

notches of the long spines and firmly lashed in place with coarse,

waxed, linen thread, as shown enlarged in fig. 57. Waxed shoe-

16 -
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Fkj. 5^t.—Central truss.

makers' or harness makers' twine is the best material for this pur-

pose, but any coarse thi-<'ad or fine string, tliorouglily waxed, will

BuflBce.

Fig. 55 sliows tlie form to wliicli the corner longitudinal spines should

be dressed, tlie long, straight edge being slightly rounded, as shown

in the end view. Noticre that the notches at the opposite ends are not

at the same distance from the end.
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THE CLOTH, THREAD, ETC.

The covering of the kite is Hiade of two long strips of cloth. Koth
edges of the strips should be hemmed, even if one edge lias a selvage,

and when so hemmed, the width should be just 12 inches. The total

length of the s'trip, when stretched about as it will be on the kite,

should be 'J6rj inches, the half inch being allowed for the lap of the

goods in sewing the two ends together. It may be remarked here that

it is genei'ally better to carefully'- tear the cloth to the proper length

and width, i-ather than try to cut it, as more accurate results will be

gained by the first method. The opposite ends of each cloth strip

should be carefully and evenly lapped the one-half inch and strongly

sewed together with a double seam, thus forming two endless bands.

The next step is to mark the cloth bands at the places that are to be

fastened to the frame. Stretch each cloth band out smooth and
straight over two thin sticks run through inside the band. It is well

to make the seam in the band come over or near the edge of one of

the sticks. When the band is smooth and evenly stretched, draw a
pencil line across the band exactly in the middle, where it turns

around the edge of each stick. Let the line near the seam be marked

f :2- ^ ^ 12- '

i:ndiiew''i— -5i— ki'^^^P ^'^^^J^A-—6't—\

Fig. 55.—Longitudina. corner spine.

A and the opposite line B. Now shift the cloth around the sticks so

that the lines A and B approach each other, but do not pass. .Care-

fully adjust the band so that when evenly stretched the line A is just

12 inches from B, and mark the cloth, as before, where it passes over

the edge of each stick. Shift the cloth again still farther around the

sticks; this time let the line A and B pass each other, and, when they

are again separated just 12 inches and the cloth evenly stretched,

draw pencil lines at the edges of the sticks as before. Time and care

spent in laying out these lines accurately on the cloth, so as to divide

it into equal portions rvhen stretched, will be well repaid in the even
flying of the kite.

The cloth bands are now ready to be tacked to the sticks. Put one
of the bands over the central truss and tack the line A down with five

or six small (2-ounce) tacks to one of the sticks; for example, as

shown from a to 6, fig. 54. The opposite line, i?, must be tacked to

the opposite stick from c to d. The remaining band is similarly

tacked to the opposite end of the truss. Finally, the four corner

longitudinal spines are passed within the bands and the apiiropriale

lines of the cloth tacked to the sticks. The only point needing special

attention at this step is to arrange the corner spines so that their

1 a!»8 U
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notches will stand in proper relation. Rof<M rinu- to fig. 55, it will be

reoallod that the small notch at one end of each si)ino is nearer the

end than at the opposite end. In tacking the spines to the cloth, all

that is necessary is that one pair of spines in opposite corners shall

have the notches the shorter distance from the end and the notches

of the other pair be at the longer distance. In other words, for exam-
ple, tack short-ended spines in the Cand D corners, as they appear in

fig. 53; then the long ends of the remaining spines mnst occupy the

E and /'"'corners of fig. 515. When so arranged, one diagonal strut

stepped in the notches will pass in front of and the other behind the

uprights of the central truss.

All that now remains to be done is to fit \\\) the diagonal struts.

Fig. 5(i shows a finished diagonal strut. It is difficult to determine

beforehand the exact length these should be, because the amount the

cloth bands will stretch is uncertain. The length indicated in fig. 56

is about right, if all the other dimensions specified herein are care-

fullj" adhered to. Make up a pair of the struts about a half inch too

long at first, then, by trying them in the kite and cutting out the

notches deeper and deeper, a perfectly satisfactory fit can be secured

and the cloth braced out smooth and taut. Care must be taken to

i
"—

r

36.

Fio. 56.—^Diagonal strut.

keep the two struts of the same pair the same length. This fitting

had best be done l)efore reducing the cross section of the sticks

between the ends. The enlarged ends, when finished, should have

about the dimensions shown in fig. 56; then, to prevent the foi-ks

from si)litting o(f, it is (piite necessary to lash the ends just back of

the notch with a serving of good, waxed thread. Instead of cutting

these struts out of a solid piece, as described above, some may prefer

to build up the enlargeiiu^nts at the end by gluing on small cleats,

finally lashing the waxed thread over all as before.

It is understood, of course, that the diagonal struts are to be inserted

within the cells of the kite, so that the notched ends enter the shal-

low notches of the corner spines, shown atr/ and />, fig. 55. One diago-

nal strut passes in front of, and the other behind, the upright of the

central truss in each cell, ;iii<l the three sticks are firmly bound
togetlwi- ;it lln' point of ci-ossing will) waxed thread.

METHODS OK iminLINQ.

Two methods of ])ri(lling the kite will be described. Cut ofT about

6 jcct of stout cord and tie one end to the cenl ral truss at J, as shown
in fig. 54, th(! cord passing tlwough small holes pierced in the cloth
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eovei-iiiy'. 'I'lic knot eniploj'ed at this point is sliown cnhir^*'*! at .1,

fig. 57. The flyinj;' lino sliould ])(3 tied to tlie fi-ee end of this cord

by meansof bowline knots, as sliownati^, lig. 57. This knot issl roug,

Fio. 57.—First form of bridle.

never slips, and can be easily untied, no matter how much the line

may have been strained.

The one-pointattachment of bridle, described above, is better suited

to strong than light winds, and sometimes in ligliter winds it maybe

Fig. 58.—Second form of bridle; c, enlarKod knot (loosened).

more satisfactory to employ the two-point attachment of biidle shown
in fig. 5S. In this the free end of the G-foot piece of cord is sliown
tied to the central truss at h, thus forming the bridle, (t, h, r: the
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main line being attached at the point c by a kind of knot shown
enlarged at one side. This will not slip of itself, but the point of

attachment can easily be adjusted as may be desired.

To be perfectly safe, the flying line for this kite should have a ten-

sile strength of from 50 to GO pounds and l)e equally strong through-

out. During light winds a finer line will answer, but strong currents

are frequently encountered as the kite ascends, and a weaker line

than specified above is likel}^ to be broken.

FLYING THE KITE.

If the wind is favorable for flying, the best way to stait the kite in

flight is to run out 150 feet or so of twine while the kite is held by an
assistant. "Wlien all is ready, the assistant raaj^ toss the kite upward
a little in the direction in which it is to go. It will take care of itself

afterwards. It is important the kite be cast off directly in line with

the wind, otherwise it may seem to dart badly. When fairly up the

kite maj' sweep a little from side to side, but if it ever darts or turns

over, there is something radically wrong, probably due to an uneven
distribution of the cloth surface, or some permanent distortion of the

framework. Sometimes the weight of the wood varies, and one side

is heavier than the other. This should be corrected by weighting the

light side with a small strip of sheet lead, or otherwise.

If the wind is very light, a finer twine may be used in flying, and it

may be necessary to run a little with a long string out, in order to get

the kite into upper and more rapidlj^ moving currents.

When the wind is very strong, drop the ball of twine on the ground
so that the cord can pay out rapidly, and let the kite go up directly

and quickly from the hand.

TANDEM KITES.

Several kites can be sent up on the same line. When an additional

kite is to be sent up, it must be first carried out, say, 100 feet,

attached to a separate line of that length, the end being tied to a loop

formed in the main line. When all is ready, the kite is tossed up, as

already described.



UTILIZATION OF RESIDUES FROM BEET-SUGAR 3IANU-
FACTURE IN CATTLE FEEDING.

By Guilford L. Spencer,

Assistant in Division of Chemistry.

PULP FEEDING IN EUROPE.

In visiting the sugar-beet farms of Euroi)e, the excellent condilion

of the beef and dair^^ cattle is quite noticea])le. This desirable result

is in a large measure attributable to feeding the beet pulps from

the sugar factories to the cattle. In addition to the pulps, a small

proportion of molasses is also often fed.

It is customary in Europe, especially in Germany, to guaranty a

certain proportion of pulp to each farmer who is a shareholder in the

factory, as part compensation for his beets, and to pay other farmers

not receiving pulp a somewhat higher price, approximately 75 cents

per ton. The shareholders contract to furnisli the beets from a cer-

tain area, and can depend upon receiving pulp in proportion to this

acreage. The beet pulp is, moreover, in such demand that farmers

not shareholders contract to plant a certain acreage to beets, and are

then also supplied pulp as part compensation.

The pulj^ is especialh^ prized in the sugar-producing sections for

feeding milch cows. The general results of such feeding are a large

flow of rich milk and the production of butter of good flavor.

RESIDUES FROM BEET-SUGAR MANUFACTURE.

In the sugar-beet industry the roots are topped in the fields prior to

transportation to the factory, and the crown of the beet is removed by
means of a sharp, heavy knife applied at or near the lowest leaf scar.

Experience and chemical tests have demonstrated that there is a ten-

dency for various salts to accumulate in the crown of the beet in

greater quantities than in other parts of the root. Many of the salts

retard the crystallization of the sugar in the manufacturing processes,

and increase the production of molasses. It is for this reason that

the manufacturers are very strict in their specifications relative to

topping.

The tops, or crowns, may therefore be considered among the resi-

dues of the manufacture. They may be fed to cattle, but witli hardly

as satisfactory results as would be obtained by feeding the entire beet,

owing to the large proportion of salts. In view of the necessity of

218
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maintaining tlio iVi-tility of \]\v land, it is not usnally advisable to

feed the beet tops; they shonld be left in tlie fields to rot and be

turned under in subsequent operations. However, where the manure

from the cattle fed in part upon beet crowns and leaves is leturned

to the land such feeding is profitable.

In the earlier days of the beet-sugar industry in tliis country difii-

culty was experienced in some localities in persuading the farmers to

leave the beet tops upon the ground instead of feeding them or haul-

ing them to the factory, thus increasing the tare, and special induce-

ments were necessary to convince them of the advisability of so

doing.

The next important residue, and that which has been already briefly

commented upon, is the beet pulp. This pulp is the residue of the beet

remaining after the removal of the juice, or, according to present prac-

tice, after the removal of those parts readil}^ soluble in water at mod-

erate temperatures.

PROCESSES FOR EXTRACTING SUGAR FROM BEETS.

Until within the last decade three processes of extracting the sugar

from the beet were in vogue, each producing characteristic pulps.

These processes are termed the "hydraulic-press," the "continuous-

press," and the "diffusion." In the first two processes the roots were

first reduced to a fine pulp by means of rasps. In the h3'draulic proc-

ess this pulp was placed in sacks and submitted to heavy pressure,

then moistened with water, and again i)ressed. This method produced

very dry pulps of great feeding value and in an excellent condition

for conservation. In the continuous-press process the pulp was passed

between rollers, the residue satui-ated with water, and again pressed.

This i3rocess produced a pulp of greater humidity than the hydraulic

pulps, and of less feeding value. These processes have disappeared

from the sugar factories, and are probably used in few, if any, of the

distilleries; therefore the character of the pulps produced need receive

no further consideration.

The process now employed by sugar factories in the extraction of

the juice from the beet is termed "diffusion." The beets, after being

thoroughly washed, are sliced into long, grooved pieces, somewhat

approximating the letter V, in cross section. These slices are trans-

ferred to large iron vessels, and are treated with successive portions

of hot water, heated to appi-oximately l<iO° K. The vessels are closed

and the water is under a few pounds' pressure during the process.

After the extraction of tlic juice the pulp is pressed in continuous

apparatus, ami is tlieii icady for deliv<M-y to farmers. The pulp in

this condition is quite moist, still retaining about 81) per cent of

water.
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The
pulps

:

DIFFUSION PULPS,

following may be (M)nsi(l('r('(l an aAcrai^c aiialysl.s of dilTiision

Analysis of diffiision juil/is.

Ingrredients.

Moisture

Nitrogenous matter

Digestible carbohydrates ..

Indigestible carbohydrates

Fat

Mineral matter

Total.

Solid matters

Fresh
pulp.

Per cent.

89.09

.92

6.52

1.98

.09

1.40

Dry
material.

Per cent.

8.43

59.76

18.15

.83

12.83

100

10.91

100

The analyses, of which the above table gives mean results, were

made by a commission of experts in France, including Messrs.

Dupont, Vivien, Lucas, Duvin, and Durot. A brief resume of feeding

experiments conducted by this commission will be given further on.

A small percentage of cane sugar is included in the percentage of

digestible carbohydrates given in the table. After the pulp has been

stored in silos for a short time, the sugar, which does not usually

exceed from 4 to (5 pounds in quantity in a ton of the fresh material,

gradually disappears through fermentation, and therefore is lost, at

least in part, before the pulp is fed. The nutritive ratio (per cent

fat multiplied by 2.25 plus per cent digestible carbohydrates, divided

by per cent proteids) of diffusion pulps approximates 1:7.2. This is

a medium ratio, and agrees fairly well with the Wolf-Lehmann
standard for fattening a steer. A calculation on a somewhat dirterent

basis, assigning a money value to each of the constituents of the

materials, indicates that beet pulp is worth about half as muoli as

com silage.

The usual European practice in feeding beet pulp to beef cattle is

to mix a small quantit}' of linseed-oil cake and cho])pod alfalfa with

tiie material.

FEEDING EXPERIMENTS WITH BEET PULP.'

Few records, if any, of carefully controlled American experiments

in feeding cattle on pulp are available: hence, those made in Fi-auce

by the commission already alluded to are given here.

At the time these experiments were made, the liydraulic and con-

tinuous press methods of extracting the juice from the beets were

employed to a far greater extent than the diffusion process. In con-

sequence of the increasing number of diffusion plants at this time,

'Bulletin No. 52, Division of Chemistry: also House Doc. No. 396, Fifty-fifth

Congress, first session.
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tlio (iucstioii of Ihe relative values of the different pulps was tlie

subject of frequent discussion, and many disputes between Ihe fac-

tories and tlie farmers were i-eferred to the courts. The experiments

were made in connection with the settlement of one of these disputes.

The gentlemen who composed the commission appointed by the court

rank high among the leading experts of Europe in mattei-s relating to

the beet industry, and the experiments quoted are therefore of the

highest value. Data relative to press pulps are omitted, as these

pulps are no longer of importance.

The following animals were used in the tests: (1) Beef cattle; (2)

oxen; (3) milch cows; (4) sheep; (5) ewes. Before beginning the

tests the animals were all gradually accustomed to the change from

their customary ration to diffusion pulp.

(1) Beef cattle.—Twelve beeves each received every day, in three

meals, 115 pounds of diffusion pulp, mixed with 6.6 pounds chopped

alfalfa and 6.6 pounds linseed-oil cake. Their weight increased an

average of 2.214 pounds per day. Taking into account the values of

the increased weight of meat, and of the alfalfa and linseed-oil cake,

that of the diffusion pulp is $1,316 per 1,000 kilograms, or 2,200

pounds.

(2) Oxen.—Four oxen received each per day 126.8 pounds of diffu-

sion pulp, mixed with 12 pounds of alfalfa and 2.2 pounds of linseed-

oil cake. These cattle decreased in weight somewhat the first fifteen

da3's and did less work than usual, but in the second fifteen days

they had entirely recovered. The trial continued two months and a

half. In making a calculation similar to the one above, the value of

the diffusion pulp was $0,956 per 1,000 kilograms (2,200 pounds).

(3) Milch cows.—The test with cows lasted thirty days. Two cows

were used, one Flemish Ihe other Dutch. Prior to tlie test the cattle

were fed on dry alfalfa with a small quantity of press pulps from

beets. The cows were each given per day 99.2 pounds of diffusion

pulp with 4.4 pounds of alfalfa. The tests indicated that the pulp is

of greater value as regaids lactation than in the production of flesh.

The effect of this ration on the product of cream, calculated, of

course, in cubic centimeters, is shown in the following table:

Cou^s fed on diffusion pulp.

Dato.

April 27

May 1..

May \'Z.

Miiv I"

Percentage of cream
to milk.

Cow No. 1. CJow No. 2.

8.00

7.60

7.60

7.50

7.00

8.00

8.00

8.00
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From these tests, it was inf'('i-r<Ml Hint llu' milk oT llic (-((ws fc*! li-um

diffusion pulp contfiinod an averajjje of 7.08 per cent of cream. The
butter produced from this milk did not have the j>eculiar odor wliich

is present in that fi'om cows fed on press pulps.

(4) Sheep.—In this test twenty merino sheep were fed on diffusion

pulp. The rations fed per animal and the i-esnltin.u' increase were as

follows

:

Average rations per head: Pounds.

Pulp - 11 . S8

Linseed-oil cake .44

Chopped alfalfa - . ..- 1.10

Weight of sheep:

April4 2,08.1.6

April 26 2, 217.

6

Total increase 132.0

The sheep eat the pulp with avidity; hence, it is unnecessary to

make other additions to it. On a basis of this experiment with

sheep, the value of the diffusion pulp was calculated to be $1.74 per

1,000 kilograms (2,200 pounds).

(5) Ewes.—The ewes were obtained from a flock from which the

lambs had just been separated. In feeding- the ewes, to which a some-

what larger ration was given than in the preceding experiment, the

value of the pulp was calculated to be $1,200 per 1,000 kilograms

(2,200 pounds).

Cost and feeding value of the pulp.—Not taking into account trans-

portation, the commission estimated the value of the pulp per 1,000

kilograms (2,200 pounds) at $1.22, and from calculations based on a

cattle food analysis, at $1,288.

From these experiments, one maj^ draw the same conclusion rela-

tive to the feeding value of pulp as was drawn fi-om the analytical

data, namely, the material is ver3'^ fattening food. The experiments
in question, and many others, also indicate that pulp may be fed to

dairy cattle with great success. The results with cattle doing heavy
work indicate that pulp will find its best application in fattening ani-

mals foi- the market and in feeding milch cows, )-ather than as a ration

for draft animals.

PULP FEEDING IN THE UNITED STATES.

While, as already stated, so far as the writer is informed, no experi-

ments coi-responding witli lhos<» condueted in Kurope have been made
in this country, much has been accomplished in a practical way in

pulp feeding. Pulp has been fed to dairy cattle in California for

many years with satisfactory results. Reports fi-om the Pecos X'alley

in New Mexico show the satisfactory feeding of large numbers of

sheep, and a good demand for jmlp.

A letter from Vice-President Thomas 1\. Cutler, of the riali Ueet
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Sugar ("onipauy, I.clii, slates Uial tlie conipany lias lieeii feeding pulp

the past four years. This pulp is stored in silos, a little coarse salt

lieing mixed with it at the rate of approximately 5 pounds per ton of

pulp. The cattle and sheep eat the pulp greedily, cattle consuming

an average of 100 pounds per day. The pulp is mixed with from 10

to 15 pounds of hay per 100 i)ounds for "roughness." The animals

fatten rapidly, and altogether the results obtained have been very

satisfactory.

The conditions which obtain in the vicinity of the Nebraska factories

are somewhat different from those in the other localities mentioned.

The writer recently visited a factory at Gi-and Island, and found there

a very large pile of pulp, the accumulations of several seasons, the

demand for this by-product at the factory being far from keeping

pace with the manufacture. The products of the different seasons

form distinct layers which may be readily separated. No effort is

made to conserve the pulp. Considerable quantities of this pulp are

given for the asking to farmers within eas}^ hauling distance, and the

remainder accumulates near the factory. Although the pulp is a

decomposing mass to a depth of several inches, it is not offensive.

On removing the decomposing portion at the surface, that part of the

pulp at greater depths is of a cheese-like consistency, and may be
readily removed with a shovel. The managers of the factoiy stale

that the cattle and sheep greedily devour the pulp without regard to

its age, and are even fond of the portions near the surface of the heap.

Pulp is also fed to cattle at Grand Island immediately after bring-

ing them in fi-om the ranges. .These cattle have known but little

restraint, and have been accustomed to feed only upon the grasses of

the ])rairies; nevertheless, on being given the beet pulji, they eat it

without hesitation. A large owner of such cattle at Grand Island

stated to the writer that he found the pulp of great feeding value,

and especially v.aluable in changing the feed from grass to grain. He
feeds the pulp in mixture with corn, and the moisture of the pulp

serves to soften the grain. This feeding with pulp is necessarily

discontinued when freezing weather sets in, partly on account of the

waste of corn in the frozen pulp.

The factory at Grand Island has met with little success in dispos-

ing of the final molasses for feeding purposes.

Mr. G. II. Spitzli, numager of the Fiist New York Beet Sugar Com-
pany, at Rome, conduct<'(l (experiments in feeding, a sumnmry of the

results of which are given from a letter by that gentleman to the

Department of Agriculture.

No very extensive experiments in feeding have been nuule at the

Rome factory. Last year fouiteen head of cattle were purchased
about December 22 and fed on pulp mixed with a little cut hay and
one pint of beet moIasBes for a period of four an<l one-third months,
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to May 1. An oi-diiiary l)n.slHd basket of i)iili), witli the molasses

spread over the top, was fed 1 liree times pei- day. The a\ cra'^e iraiii in

weight of the cattle, as shown May 1, was ;}L'8 pounds. The animals

were two-j'^ear olds, and grew considerably in heiglit as well as taking

on additional flesh. Mr. Spitzli also states that on a farm at Kirk-

land, N. Y., where blooded jersey slock is raised, Ihe i)nlp is fed to

milch <3ows with very satisfactory results.

The factory at Rome, N. Y., is this year selling Ihe pulp at oO cents

per ton, and is finding a satisfactory market for it within hauling

distance of the factory. The pulp is -also being sold to several cattle

raisers, who paj^ 50 cents per ton freight on it in addition to the fac-

tory price. E'rom present indications, the supi)ly at 50 cents per ton

will not meet the demand next season.

It is evident that pulp will be in greatest demand at factories

located as that at Rome, N. Y., at least for the next few years of the

beet-sugar industry in the United States. In Nebraska and in States

where similar conditions obtain and cattle foods ai-e of low cost, the

demand for pulp will increase but slowly. The largest demand will

be in the dairy districts, and, other conditions being e<iual, the great-

est expansion of the beet-sugar industiy may be looked for in the

great dairying States.

MOLASSES AS A FOOD FOR CATTLE.

The next residue of feeding value is the final molasses. In the

processes of manufacture the juice is purified, evaporated to a dense

sirup, and a part of the sugar then removed by successive crj'stalliza-

tions. After each crystallization and removal of sugar, the propoition

of the saline matters and other impurities to the sugar increases, and

after a time no more sugar will crystallize in this residue, which is

termed molasses. This molasses then contains approximately 50 per

cent of sugar and a large proportion of saline and other substances.

Notwithstanding the feeding value of the molasses, due to its sugar

content, it can not be fed in large quantities on account of the action

of the saline matters i:)resent. The feeding of molasses is now prac-

ticed only as mentioned in connection with the experiments at Rome,

N. Y., and in prepared-food mixtures.

Several of the American factories employ a saccharate process and

precipitate the sugar from molasses as a lime compound, which finally

decomposes, leaving a very pure sugar solution. Other factories sell

tlie molasses to the distillers, and others find it a drug on the market

and dillicult to dispose of; hence, the desirability of devising satisfac-

tory methods of feeding this by-product.

In view of probable future and extended investigations by the

Chemist of the Department on the feeding valu«> of molasses, further

discussion of the question a1 this time is needless.
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VALUE OF BEET-SUGAR INDUSTRY TO THE FARMER.

This brief (liscussion of llic rcodiiiir value of the residues from the

manufacture of beet sugar indicates tlie great vakic a large extension

of the industry would be to the American farmers. It would not only

give them a means of further diversifjing their crops, but would

afford a valuable and cheap food in the cattle industry and materially

iuci'ease the prosperity of the agricultural interests.



BIRDS AS WEED DESTROYEHS.

By Syi.vkster D. Juud, Ph. D.

Assistant in Biolo(jicxd Survey.

INTRODUCTION.

The i)robleiii of weed destruction is perennial in every land where

ngriculture is practiced. Indeed, so serious is it, that soil cultuie

may be said to be an everlasting war against weeds. For a thorough

understanding of the weed problem, it is necessary not only to define

a weed, and to study its relation to crops, but to ascertain what are

the agents, natural or artificial, which act as weed destroyers.

A weed is a plant out of place. Certain plants seem to have forme*!

a habit of constantly getting out of place, and installing themselves

in cultivated ground. Whether actually among crops or in adjacent

waste land, from which they can spread to cultivated soil, they are

always a menace. In the garden they occupy the room allotted U) use-

ful plants and appropriate their light, water, and food, so that any

check on these noxious plants, a million of which can spring up on a

single acre, will not only lessen nature's chance of populating the soil

with these worse than useless species, but will enable the farmer to

attain greater success with cultivated crops. The hoe and the culti-

vator will do much to eradicate them, but some will always succeed in

ripening a multitude of seeds to sprout the following season. Certain

garden weeds produce an incredible number of seeds. A single plant

of one of these species may mature as many as a hundred thousand

seeds in a season, and if unchecked would produce in the spring of

the third year ten billion plants.

SEED-EATING BIRDS.

Fortunately certain agents are at work to check this hai-vesi, and

perhaps the most efficient among them are seed-eating birds. Each

fall ami winter they flock in myriads to agricultural districts and live

upon the ripened seed of weeds. Since they attack weeds in the most

critical stage of life, the seed period, it follows that their sei-vices

must be of enormous practical value. The benefits are greatest in

the case of hoed crops, since here are found the largest number of

annual weeds, which, of course, are killed by frost and must d«>pend

for perpetuation solely upon seeds. The principal weeds wliich liirds

•in
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prevent from seeding are ragweed, pigeon grass, smartweed, bindweed,

crab grass, lainl)'s-quarters, and pigweed. (Sec fig. 59.) It is some-

times asserted tliat no thi-ifty farmer will allow these noxious species

to ripen seed, but such prevention is practically impossible, because

even if all the edges of fields and all waste ground (;ould be cleared,

weed patches along ditches, roads, and hedgerows would still remain

lo disseminate seed to culti-

vated land. It is in just these

places that biids congregate

in greatest numbers.

Some birds eat moi-e or less

weed seed throughout the year

even when insects are most
abundant. But their good
work practically extends from

early autumn until late spring,

and is perhaps most notice-

able in winter, when the

ground is white with snow.

During cold weather most of

the birds about the farm feed

extensively upon seed, and
gorge themselves until their

stomachs and gullets become
completely distended. It is

not at all uncommon for a

crow blackbird to eat from 30

to 50 seeds of smai-tweed or

bindweed, or a field sparrow

100 seeds of crab grass, at a

single meal. In the stonuich

of a Nuttall's sparrow were

found 'M)0 seeds of amaranth

(see i'lg. (50), and in anothei' oOO

seeds of lamb's -(puirters; a

tree spari'ow had consumed 700

(Is, tiio .seeds of wiiirii .se«'<ls of pigcou grass, wliilc a
ar. oaten by I.ir.ls: „, amaranth: I,, .-rab .Mass:

„,,,,,yfl.j,^^
"

f,.,,„^^ ShrCWSburV,
c, ragweed: (/, pi j^eoii grass.

Mass., which had been break-

fasiing in .i garden In l-'cbrnaiy, had picked up 1,000 seeds of [)ig-

weed. 'I'Ik' l)irds most actively engaged in consuming weed seed

are sparrows and finches, iiu^hnling more than a score of species,'

horned larks, blackbirds, (^owbii-ds, meadow larks, doves, and (luail.

Fk;. ')!».- Four cdiiiiiioii \vi

'These species include the tree, song, field, chipping, grasshopper, fox, Nut-

tall's. noldon-crowned. wliite-crowtu'd. and whitt'lhroatfil .sparrows, jnncos, siiow-

tlake.s. goldtiiicheH, piiio siskin, redpolls, towiiues. and grosbeaks.
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SPARROWS AND FIN'CHES.

Sparrows are the most abundant, and widely d isiri Im ted of t lie smaller

birds inhabiting the rural districts of the United States. Their inti-

mate association with agricultural interests has suggested the impor-

tance of a careful inquiry as to their food liabits, an<l sueli an investi-

gation based on field observations and an examination of the contents

of stomachs in the laboratory is now being made by the Biological

Survey. Sparrows have been collected in practically all the States,

the District of Columbia, and Canada, and

some 4,000 stomachs have already been ex-

amined. The results show that dui-ing the

colder half of the year the food of these

birds consists almost entirely ^f the seeds

of weeds.

Sparrows generally seem to he regarded

with favor, but the English sparrow drives

away native birds and does so much dam-

age to grain and fruit that it is considered a

pest. The native sparrows might also be

suspected of injuring crops; but though

they frequently sample grain in stubble

fields they have not, as yet, been found

guilty of committing serious depredations.

In order to compare the grain-eating pro-

pensities of the various species, specimens

were collected in a field a few miles south of

Washington, D. C, before and after the

wheat was cut. Of nineteen native birds,

representing song, field, chipping, and grass-

hopper sparrows, only two had eaten grain,

and these had taken only one kernel each,

while every one of the five English spar-

rows was gorged with wheat. But with all

his faults, the English sparrow does some t"'^- 'i<>-Weed swds commonly

Ti ... ..1 ^ c 1 1 eaten by birds: a, bindweed;
good by assisting in the work of weed-seed ^ lambs-quarters: c purslane:

destruction. Flocks of thousands of these '', amaranth: e. spotted spurf^e:

birds may be seen every autumn on the i;S!n*^'
r/, pigeon grass; /..

lawns of the Department of Agriculture,

feeding on crab grass {Panicuni sinujuinale) and yard gra.ss {Elt'iisine

indica), two weeds which crowd out good turf-making grasses. The
English sparrow also deserves credit for destrojing seed of the dan-

delion {Taraxacam faraxaciini), wliich is a jirolitic wee<l through-

out the United States, especially in lawns, cemeteries, and pastures.

In 1894 English sparrows were observed by the writer destroying

dandelion seeds in Cambridge, Mass., and during the last thitM»

years in the public [)arks of SVashington, D. C. In the latter city
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..^3^:

the birds eat these seeds from the middle of INIarch until the middle

of August, but cliieflj" in April and the first half of May, when the

lawns aie literally yellow with flowers. After the yellow petal-like

corollas have disappeared the flower i)resents an elongated, green,

egg-shaped body with a downy tuft at the upi)er end, and in this

stage it is most frequently attacked by the English sparrow. The
bird removes several long scales of the inner involucre by a clean cut

close to the receptacle or base of the head, thus exposing the plumed

seeds, or akenes. He seizes a mouthful of these akenes and then lops

off the plumes with his bill and swallows the seeds. In many cases,

especially when hungry, he does not take the trouble to remove the

plumes. Generally a score of seeds are dropped in tearing open a

head, and usually a

few are left cling-

ing to the edge of

the leeeptacle. The
mutilation caused

bj- the birds' beaks

can be detected un-

til the flower stalk

dries and falls.

In order to deter-

ge mine how much
damage was done to

dandelions on the

lawns of the Depart-

ment of Agricul-

ture, every flower

stalk was picked

from a i-ectangular space 6 feet 2 inches long by '^ feet 3 inches wide.

This was on April 29, 1808. Of the 413 stalks collected, 3.58 showed

unmistakable marks of the sparrow's bill. On the next day 293

stalks were gathered from a circle 2 feet in diameter on the other

side of the lawn, and 275, or 03 per cent, proved to be mutilated.

These and similar observations seem to show that at least t hree-fourths

of the dandelions which bloom iti April and INIay on the Department

lawns are mutilated by birds.

In the destruction of dandelion .seeds the Knglish sparrow is aided

by .several native birds, chiefly the song sparrow {Milosiiiztt fascl(tht),

chipping spairow {fipizella socidlis), white-throated sparrow {Zono-

trirhid (ilhicollls), n\u\ goldtinch {AsfnKjaJinus Irisfis). So far as ob-

served the nativ<^ birds usually do not cut open dandelions, but feed

upon tho.s<! l(«ft by the English sparrow. The song sparrow, however,

iseapabh" of gritiiig (tut see<ls alone, foi- one which was kept in captiv-

ity numipulalcd djindclions in precisely the same way as the English

sparrow. The song sparrow (flg. (ij) iind the chipping sparrow make

a practici' of feeding fruni the short-slenniied heads that have already

Fig. 01.—Song sparrow (Melospiza fasciatu).
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been opened, but even here the chipping sparrow has difficulty in pull-

ing out the seeds, and often simply picks up those which have been
dropped. Goldfinches frequently pursue an eiilircly dilTcrent course,

although they also pick seeds from the green involucres torn open by
English sparrows. On May 3, 1898, a dozen goldfinches were observed

for a couple of hours on the Department lawns. First they hopped
along the ground'; then one bii-d flew to adandolion stalk G inches high,

alighted ciosswise, and
moving toward the downy
ball until it bent the whole

stem to the ground, ate seed

after seed (fig. 62).

Besides the lawn weeds
already mentioned, such as

dandelions, crab grass, and
yard grass, several others,

including pigeon gi-ass,

knotweed, sedge, oxalis,

and chickweed furnish food

for birds. These plants are

also troublesome in other

places besides lawns. Knot-
weed {Polygonum avicu-

lare) litters up paths and
roads or grows in spots

where turf is broken, chick-

weed {Alsine media) occurs

in plowed ground, and
pigeon grass {ChcBtocloa glauca B.nd C. viridis), which is considered

one of the worst weeds in ^Minnesota, is found among many crops.

The seeds of these plants are eaten by the song sparrow, chipping
sparrow, field sparrow, junco, English sparrow, tree sparrow, Gam-
bol's sparrow, and white-throated and white-crowned sparrows.

Among the weeds which are troublesome in fields, especially among
hoed crops, may be mentioned ragweed {Ambrosia artemisimfolia),

several species of the genus Polygonum, including bindweed (P. con-

volvulus), smartweed (P. lapathefolium), and knotweed (P. avicu-

lare), pigweed {Amarantus retroflexus and other species), nut gi-ass

and other sedges {Cyperacecp), crab grass {Panirum sanguinale),

pigeon grass {Chidodoa viridis and glauca), lamb's-ciuarters {Cheno-
podium album), and chickweed {Alsine media). Every one of these

weeds is an annual, not living over the winter, and their seeds con-

stitute fully thi-ee-fourths of tlu> food of a score of native sparrows
during the colder half of the year. Prof. F. E. L. Beal, who has care-

fully studied this subject in the Upper Mississippi Valley, has esti-

nuitcd the amount of weed seed eaten by the tree sparrow (.S^>/\rr//(i

1 A'lS 15

Pig. 63.—Goldfinch iAstragaUnnx tristis).
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uionficoki), Jiiiico {Jiiiico hyemalis), and other sparrows that swarm
down from (.'anada in llio fall and feed in the i-ank i;i'owth of weeds

l)ordering roadsides and cultivated fields. lie examined tiie stomachs

of many tree sparrows and found them entirely filled with weed seed,

and concluded that each bird consumed at least a quarter of an ounce

daily. Upon this basis, after makinjj^a fair allowance of tlie number
of birds to the square mile, he calculated that in the State of Iowa

alone the tree sparrow annually destroys about 1,750,000 pounds, or

about 875 tons, of weed seed during its winter sojourn.

Besides tree sparrows and j uncos, the most important gregarious

sparrows that destroy weeds in the. Mississippi Valley and on the

Great Plains are tlie fox sparrow {Passerella iliaca), snowflake

{Pdsserina iiiralis), the white-crowned sparrow [Zonolrichia leiu-o-

jihry.s), Harris's sparrow {Zonotrichia querida), and longspurs {Cal-

carius lapponicus, C. ornatus, C. pietas, and Rliijncophanes mccow-
7iii). Farther south are found lark finches {Chondesies granimacus

and Chondesies (jrammacus striyalits), while on the Pacific slope

occur Nuttall's sparrow {Zonotrichia I. nidtalU), the golden-crowned

sparrow {Zonotrichia coronata) and Townsend's sparrow {Passerella

iliaca unalasrhcensis). East of the AUeghenies the most active weed
eatei-s are the ti-ee sparrow, fox spari-ow, junco, white-throated spar-

row, song sparrow, field sparrow, and chipping sparrow. (See PI. XV.)
On a farm in Maryland, just outside the District of Columbia, tree

sparrows, fox sparrows, whitethi'oats, song spari-ows, and j uncos

fairly swarmed during December in the briers of the ditches between

the cornfields. They came into the open fields to feed upon weed

seed, and worked hardest where the smartweed formed a tangle on

low ground. Later in the season the place was carefully examined.

In one cornfield near a ditch the smartweed formed a thicket over 3

feet high, and the gi-ound beneath was literally black witli seeds.

Examination showed that these seeds had ])een cracked open an<l the

meat removed. In a rectangular si)ace of 18 square inches were

found 1,130 half seeds and only 2 whoUi seeds. Even as latt^ as May
1:5 tin; l)irds were still feeding on the seeds of these and other weeds

in 11m; fields; in fact, out of a collection of Ki sparrows, 12, nuiinly

song, chipping, and field sparrows, had been eating old weed seecl.

A sear(!h was made for seeds of various weeds; but so thoroughly

had tlie work been done that only half a dozen seeds couUl be found.

The l)irds had taken practically all the seed that was not covered; in

fact, the song sparrow and several others scratch up much buried seed.

Most of the song sparrows, practically all the tic^ld, chipping, ves-

l)ei', an<l grasshopper si)arrows, dickcissels, lark finches, and Harris's

sparrows of the central portion of the United Statesspend the winter in

the South, while their plac<'s iiJ"e taken in th(» North by snowflakes,

june«)s, clay-coloi-cil longspurs, fox sparrows, and white-throated and
wliite-crowned spanows. All thcsf birds ha\c much the same food
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habits, but they differ in the quantity and kind of seed wliicli tli< yoat.

Thus, the tree sparrows, or "winter ('liip[)ie.s," snowflnki's, and lonj:^-

spurs feed largely upon seeds of grasses, especially tlios(? of pigeon

grass, crab grass, and allied species, while the white-throated sparrow

in the Eastern States, Nuttall's span-ow in the Paeiflc-coast region,

and the white-crowned s])arrowso abundant in the (;('nti-al [)art, of the

United States, are particularly fond of amaranth and larnb's-quarters.

In January tlie whitethroat depen<ls upon ragweed and various spe-

cies of Polygonum, such as bindweed, knotweed, and sinartweed, for

more than half of its food; the wliite-crowned and fox sparrows take

nearly as much as the whitetliroat, while j uncos destroy a still

greater amount of ragweed.

(

rv

7'^

Fig. 6.S.—Dicltcissel {,Sinza am<;rU\ina).

The chippy and song sparrow are perhaps the best known of all the

native sparrows of the United States. When not living in hedgerows
or buslies about buildings the song sparrow inhabits the shrubl>ery

along water courses. It seeks its food on the ground, generally

among bushes or weeds, and has a peculiar mouse-like way of run-

ning through the grass. Seeds of weeds, especially smaitweed,

bindweed, and other species of the genus Poh/gonum, pig<>on grass,

pigweed, lanib's-quarters, and ragweed, and also sonic crab grass, form

four-lifthsof the food of this species dui-ing the colder half of the yeai".

Ninetv-llve out of a hundred of the birds <M>llected duiing March and
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April had eaten weed seed, and many stomachs contained from 50 to

200 seeds each.

TIic ('hii)i)injj: sparrow is a familiar little bird, readilj' recognized

by its reddish cap, cicada-like note, and habit of lining its nest with

horsehair. It eats the seeds of such troublesome grasses as pigeon

grass, crab grass, and closely allied species, and during Septeinbei-

and October these and other weed seeds make up three-fourths of

its food.

The field sparrow {Spizella pusilla) is closely related to the chipping

sparrow, but may be distinguished by its reddish bill. It is thor-

oughly commonplace in appearance, and in habits is much shyer

than the chipping sparrow, which is often called a dooryard bird.

Field si)ai-r()ws are very abundant about the farm, and their food

consists of practically the same seeds as those eaten by its relative.

V/ri?-'

Fkj. 64.—Lark finch (Chondcstes (/rmiiHioc-us).

The grasslioppcr sparrow {jlimnodrcninis sannntdnnn j)assermns),

so called from its dry, monotonous note, is even more a bird of the

fields than Ihe field sparrow. It is one of the few species that eats

the s<,'eds of i-ib grass {Plantago lanceohila). The dickcissel {Spiza

(unericana, fig. 63) of the Central States, which also has an insect-

like note, is larger than the grasshopper sparrow, and its plumage

is conspicuously iiuirked with l»right yellow, black, and gray, some-

wliat like that, of a meadow lark. The lark finch {Chondesfe.s <jram-

nidcu.Sy fig. r.4) is also a lai-ge sparrow of striking appearance. Its

head is striped with black, and from this fact it is known in certain

sections as "snake bii'd." It is j)articularly fond of the seeds of legu-

minous phmts. The vesper sparrow ( /Vnrrr/'.s t/ntniiiicns), celehi-ated

for its twilight chanting, is as nuicli a l)ir(l of tlie open gi-assy fields
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as the lark finch or dickcissel. When disturbed it flits up from the

ground, spreading its white-splasliod tail, and alights but a short dis-

tance away to resume its work. However varied in diess orliabil,

all the native sparrows are alike in subsisting largely upon seeds of

noxious plants.

The goldfinch {Asiragalinus tristis, fig. 02), or wild canary, is as

useful as it is beautiful, and as a weed destroyer has few equals. It

confines its attention very largely to one family of plants, the Com-
positsB, and is especially fond of thistles, wild lettuce, wild sunflower,

and ragweed. It is so often seen on thistles, both Canada and bull

thistles, that it is commonly known as the thistle bird. Near ^^'asll-

ington, D. C, a flock of a dozen birds was seen during the latter part

of August feeding on sunflowers that had escaped from cultivation,

and in the Central and Western States the goldfinches do much good

by eating the seeds of wild sunflowers and other closelj' related

weeds. They have also been seen feeding upon wild lettuce {Luctuca

spicata), and probably eat prickly lettuce {Lactuca scartola), which

has proved the most i-apidly spreading weed ever introduced into this

country, but as yet no actual observations as to the latter food habit

have been made. Stomachs collected in August were filled with

seeds of Compositse, mostl}^ sunflowers (various species of Helianthus)

and thistles {Carduus lanceolatus and other species).

At Burlington, Iowa, during July and August, Mr. Paul Bartsch

found goldfinches feeding exclusively upon the bull thistle {Carduus

lanceolatus) . He was able to approach within a few feet of several birds

while thus engaged, and noticed that the seeds or akenes were bitten off

and swallowed, while the plumes or pappus floated away. When there

was no wind, the pappus often failed to fly away, and clung to the birds,

almost burjdng them with down. A dozen of the birds were killed

and their gizzards and gullets were found literally crammed with

thistle seeds. At Sing Sing, N. Y., goldfinches have been seen eating

the seeds of the Scotch thistle [Onopordon acanthium) and boneset

{Eupatorium perfoliatum) . Cone flowers {Riidheckia hirta), prairie

sunflowers {OaUlardia), evening primroses, catnip, elephant's foot

{Elephantopus sp.), and mullein also form part of their food, and late

in the season they turn their attention to ragweed and consume great

quantities of the seeds of this troublesome species. In winter and
spring large flocks feed to some extent upon the seeds of conifers and

catkin-bearing trees, such as the sycamore and birch. In destroying

the seeds of the gray birch {Beiula popidifoUa) on the edge of grass

lands they do some good, for this tree has a habit of seeding adjacent

pastures, which then gi-ow up into a thicket of young saplings.

The pine siskin {Spinus j^Z/t^/.s) and the redpoll linnet {AcantJiis

linaria) are two drab-gray birds related to the goldflnch, which feed

largely upon seeds of conifers, sycamores, birches, and alders, but

also descend to the ground to eat weed seed. In winter they feed upon
sow thistles (Sonelms oleraceus), field asters {Aster sp.), and golden-

rods {Solidago sp.). The redpoll linnet is known to destroy mullein
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seeds {Verhasciim thapsus), and the pine siskin is often seen consum-
ing quantities of seeds of duckweed {Alsine media), lamb's-quarters

{Chenopodirnn alhiiin), and ragweed {Ambrosia artemismfolia).
The conunon P^astern towhee, or chewink {Pipilo enjfhrophflialmiis),

and the green and the brown towliees of the far West are great

scratclieis, and there is little doubt but that the}'^ find many seeds that

other birds fail to scMMire. Unfortunately, their food habits have not

been suiricient ly studied lo fui-nish any detailed account of their value

as weed destroyers.

The grosbeaks likewise have been insufficiently studied. The even-

ing grosl)eak {(/occoflirausfes resperlinus) and the i-o.se-breasted gros-

beak {Zamelodia Imloviciana) ai-e known to eat seeds of i-agweed, and
the blue grosbeak {Ouiraca ccEvulea) feeds upon a variety of weed
seeds. The cardinal grosbeak {Cardinalis cardinalis), or redbird of

the South, is abundant along hedgerows and briery tangles adjoining

farms, and duiing llic winter months does good woi'k by feeding upon
the seeds of such noxious plants as ragweed, pigeon grass, bindweed,

and smartweed.
HORNED LARKS.

Horned larks {Otocoris sp.) occur either as residents or winter

visitants throughout the greater part of the United States. They are

strictly terrestrial,, and inhabit either open fields, or grassy, gravelly,

or sandy plains. In midwinter the}^ may be found in flocks on plowed

fields, where tlie land is lying fallow, picking up seeds of weeds,

which if left would germinate and cause trouble the following season.

When thus employed, the larks select mainly the same seeds as the

cardiiuil grosbeak, but occasionally they also eat buttonweed {Diodia

teres) and sorrel {Rumex acelosella).

BLACKBIRDS AND THEIR ALLIES.

The several species of blackbirds, although subsisting ([uite exten-

sively upon weed seed, do considerabh^ damage to ciops. 'I'his is i)arT

ticularly noticeable in the Mississippi Valley, where redwings {Aye-

laius p]i(riiiceii.s), yellow-heads {Xa)dJioccp]ialus xanfJiocepIuilus), and
crow blackbirds {Quiscalus quiscida) flock to the grainfields l)y the

million. The ravages in Ihe rice fi(dds of tin; South by the bobolink,

or reedl>ii'd {Ihiliclioinjx orijzivorus), in com[)any with the I'edwings,

are even nu)i'e s<^rious. The rusty gi'ackles [ScoJecopJiayvs caroliniis),

IJrewer's blackbii'd {Scolecopluujiis cijdnocepJKdiis), and the cowbird

{MoloDirns (Uer) are less injurious. All these birds are fond of pig(M)n

grass, paspalnm, crab grass, pigw(>e(l, knolweed, and ragweed, and
Ihe cowbird also eals IIm^ s<'eds of wild sunfiowtM's, gromweli {Lillio-

sperminn s^).), soii-el, mustard {Jirassica nigra), chickwee<l, and
Ihistle. More than 10 [ler cent, of the food of the crow blackbird,

ami more than 75 per cent of that of the redwing, during the eoldei-

half of the year, consists of weed se«'d.

'J'he m(;;ulow lark {Sfni'ncUa mayna) lias long been placed on the

border lino of game birds, but it is a mistake to class any bird as

game when its usefulness and be.Muty so far surpass its value as food.



BIRDS AS WEED DESTROYERS. 231

The farmer can not afford to dispense with the services of the meadow
lark, for it busies itself all siininier eating grasshoppers and noxious

insects, and when autumn <'omes varies its diet with i-agweed, pig«;on

grass, and other weeds, until in December tliese noxious plants

comprise 25 per cent of its food.

GAME BIRDS.

The ruffed grouse {Bonasa iimbellus) of the Eastern woodlands

sometimes eats small ([uantities of weed seed, while the prairie hen

{Tympanuchus umericanus), seeking its food in the open or near

cultivated fields in the great agricultural region of the Central United

States, does still moie service. In the West and Southwest the Cali-

fornia valley quails {Lopliortyx californicus ami L. californicus valli-

Fio. ().">.—Mouruiijg dove {.Ziudiiluni man-nura).

cola) and Gambel's (juail {Lophorlyx yanibelii) consume weed seeds,

but they also commit wholesale depredations on fiuit . 'i'he Eastern

quail, or bobwhite {Colinus viryinianus), on the coutraiy, seldom if

ever causes the fruit gi-ower any trouble, but does much good by

destroying weed seed in fields where gi'ain has been cut and a rank

growth of weeds has taken its place. Seeds of rib grass, tiekfoil, and
berries of nightshade {Solanum sp.) are sometimes eaten, and pigeon

grass an<l smartweed are frequently consumed in large (piantities.

The amount of grain found in the few stomachs thus fai* examitied is

surprisingly small, while the proportion of weed seed is astonishingly

large, in some cases crops and gizzards being literally gorged with

hundreds of seeds of ragweed.

The mourning dove {Zenaidnm nuicroura, fig. 05) is abundant
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througlioiit nmcli of the United States, and is especially foninioii in

stubble fields and waste places irrown up to weeds. It i.s preemi-

nently a seed eater, and although at times turning its attention to

grain it nevertheless consumes an enormous amount of weed seed.

The crop of one dov'e secured in a rye field in Warner, Tenn., con-

tained 7,oO0 seeds of Oxalis stricta. Just outside the District of

Columbia the bird has been seen feeding in fields overgrown with

pigeon grass and ragweed, and especially in old cornfields, where

smartweed and bindweed formed tangles of sufficient extent to injure

the crop. In the Eastern States it has a peculiar habit of picking up
pokeweed seeds and crushing them in its muscular stomach. Several

weeds belonging to the genera Lithospermum, Oxalis, and Euplwrhia
are also utilized as food to a somewhat lesser extent. In California

the dove feeds upon the seeds of a leguminous weed, known as turkey

mullein {Eremocarpus seligerus). The habit is so well known in

some localities that a botanist upon inquiring how he could collect

some seeds of this plant was advised to shoot a few doves and open

their crops. The ground dove ( ColumbigaUina passerina terrestris)

of the Southern States is very similar to the mourning dove in food

habits, and probably does almost as much good in eradicating weeds.

SUMMARY.

No less than fifty different birds act as weed destroyers, and the nox-

ious i)lants which they help to eradicate number more than threescore

species. Some of these plants are much more in favor than others,

while several are almost universally sought after. During the colder

half of the year food is furnished for many species of birds by well-

known and widely distributed weeds.

The blackbirds, the bobolink, the dove, and the English sparrow,

in spite of grain-eating proclivities, do much good by consuming large

quantities of weed seed.

Shore larks and grosbeaks also render considerable service, while

the meadow lark is even more beneficial. Goldfinches destroy weeds

which are not touched b}' other birds, confining their attacks chiefiy

to one group of plants (the Compositje), many of the members of

which are serious pests.

r>iit the birds which accomplish most as weed destroyers are the

score or more of native* sparrows that flock to the weed patches in

early autumn and remain until late spring. During cold weather

they recpiire an abundance of food to keep their bodies warm, and it is

their habit to keep theii- stomachs and gullets heai)ing full. Often

one of these birds is found to have eaten 300 seeds of pigeon grass or

500 seeds of lamb's-quarters or pigweed. Because of their grega-

rious and terrestrial habits, they are efficient consumers of seeds of

ragweed, pigeon gra.ss, crab grass, bindweed, purslatie, smartweed,

and i)igweed. In short, these bii-ds are little weeders whose work is

seldom noted, but always felt.



INSECTS IX.TT RIOUS TO BEANS AND PKAS.

By F. H. Chittenden,

Assistant Entomologist.

INTRODUCTION.

Beans, poas, cowpeas, and other edible legumes are subject to

injury by certain species of beetles, commonly known as weevils,

which deposit their eggs upon or within the pods on the growing

plants in the field or garden and develop within the seed. Four forms

of these weevils, members of the genus Bruchus of the family Bru-

chida^, which inhabit the United States, are very serious drawbacks to

the culture of these crojjs in many portions of the country. The spe-

cific enemy of the pea is the pea weevil, and of the bean, the common
bean weevil, both of sufficiently wide distribution and abundance to

hold the highest rank among injurious insects. Cowpeas are attacked

by two species of these beetles, known, respectively, as tlie four-

spotted bean weevil and the cowpea weevil. These latter are of con-

siderable importance economically in the Southern States and in

tropical climates, as well as in northern localities in which cowpeas
are grown or to which they are from time to time shipped in seed

from the South and from abroad.

As with the insects that live upon stored cereals, the inroads of

the larvse of these weevils in leguminous seeds cause great waste,

and particularly is this true of beans that are kept in store for any
considerable time. In former times popular opinion hold Ihat the

germination of leguminous food seed was not impaired by Ihe action

of the larval beetle in eating out its interior, but this belief was
erroneous, as will be shown in the discussion of the nature of the

damage by the pea weevil.

It is not probable that any serious trouble follows the consumption

by human beings of the immature Aveevils in green peas or beans, but

the use for food of badly infested dry seed filled with the dead bodies

and excrement of the beetles would very naturally be attended with

unpleasant conse<iuences. Kirby and Spence narrate that "in tlu»

year 1780 an alarm was spread in some parts of France that peoi)le

had been poisoned by eating worm-eaten peas, and they were forbid-

den by autlK)rity to be exposed in the market."

When the crop is made .and harvested, and even before, the insects
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which hiivo underj^one their successive changes from larva and pupa
witliiu and at the expense of the seed, gnaw their way out and make
llieir appearance, often in great numbers, in the garden or in the

bags, barrels, and other receptacles in which the seed has been stored.

Tlien for the first time tlie farmer, merchant, or housekeeper becomes

aware of their presence.

All of the above-mentioned species of insects live within the in-

fested seed throughout the winter, and all but one of them (the pea

weevil) continue to breed for successive generations in the stored

material. In addition there are other weevils wdiicli injure seed in a

similar manner in foreign countries and whose introduction into the

LTnited States in seed material is to be guarded against.

In Ihe fields the growing pods are invaded by the boll worm and the

larva of the pea moth, and the foliage is prej^ed upon by numerous
insects. None, however, save in exceptional years and in limited dis-

tricts, is of as much importance as the species which develop within

the matured seed. Of foliage feeders, the bean leaf-beetle and bean

ladybird, blister beetles, cutworms, and other caterpillars are deserv-

ing of special mention. Several forms of jdant-bugs, leaf-hoppers, (ind

plant-lice also exhaust the plants by sapping their juices.

All of the species considered in the present paper that inhabit the

Eastern United States have been under observation by the writer in

the vicinity of Washington, D. C.

THE PEA WEEVIL.

{BriirJnis2>i'«>riim Linn.

)

OKNRRAL APPKARANCK AND METHOD OF WORK.

Seed peas are often found with a single round hole in them due to

the attack of the pea weevil, or, as it is sometimes incorreetl}' called,

the " pea bug." This is the largest of the pea- and bean-feeding wee-

vils found in this country, measuring about a fifth of an inch (5mm.)

in length and half that in width. Its ground color is black, but it is

thickly covered with brown pubescence, variegated with black and

white nuirkings arrang<>d .as shown in fig. 00, <i. 'I'hc sides of the

thorax are not<rhed or toothcid, an<l the abdomen, which pi-ojects

beyond tin; elytra or wing-covers, is coated with whitish pubescence

and mai"k<Ml by two bhick spots. The hind fcnioraor thighs ai'c thick-

ened and ca<'h bears two ])rominent. teeth.

HISTORY AND ORIGIN.

This weevil li;is long ])een known as an enemy to the pea. About

the middle of the last, century the c(debrat.ed Swedish traveler and
naturalist. P(iir Kalm gave an account of it and its ravages in

America, slating, in 1748, that at tlnit time the culture of the pea

had been ;ibandon<'(l in T*ennsylvania, New Jersey, and southern

New York on account of this in.seet..
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Most writers on economic entomology have agreerl that this species,

pr(?sninably Tx^causc! it was first found in peas in Xortli America, is

indigenous to tliis country, from wlience it has been intro<luced into

southern and middle Europe. There are reasons for believing, how-

ever, that it came originally,

with so many othei- injurious

insects which live upon culti-

vated seeds, from the Orient.

'

This species now occurs over

nearl}^ the entire globe, wher-

ever peas are cultivated. It is

scarcely known, however, in

the colder countries of noi-th-

ern Europe, and does com-
p,^^ .^.^Bmchus pi..orum: «, adult >«etle: /,, larva:

paratively little damage in <•, pupa— all greatly enlarged (original).

the colder parts of Canada;

hence, it happens that seed peas for planting in the United States

are largely imported fiom Canada or are bought from seed dealers

who obtain them from our more Northern States. What was true in

Kalm's time in New Jersey, when peas could not be sown on account

of the insects which consumed them, may almost be said at pi-esent of

many localities in the United States.

NATURE OF IN.JURY.

It is no uncommon sight to see every pea in a pod infested with this

weevil; and although nearly every one is familiar with tli<? appear-

ance of "buggy" peas, it is not generally known that in eating green

peas we often eat also a larva oi- "worm" with neaily every j)ea.

The only external evidence of infestation in a gieen p«'a is a minute

dot on its surface, but in dry seed the cell inhabited by the insect is

visible under the skin, while later the beetles may be seen with their

heads poking thiougli holes which they have made in the skin.

Until re':;ently the belief was more or less prevalent that the larva

working within the seed, by some wonderful instinct, avoided the

germ or embryo, and that weevil-infested peas were therefore of

equal value for seed to uninfested ones, but this is inconect. ]Nrany

"weeviled" seed will germinate, but as they are deficient in plant

food the resulting plant is apt to be weakly and nonproductive. Of
500 peas tested by Prof. E. A. Popenoe in Kansas in ixr»(» only one-

fourth germinated, and the partial destruction of the cotjiedons ren-

dered the future growth of these doubtful, while an examination of

275 injured peas showed only 69 in which the germ was not wholly

'Two reasons for this belief may be mentioned: It belongs to a group of the

genus Bruchiis, liaving tlio sides of the thorax toothed, and not repre-sented by

any native species: furthermore, jieas are not native to North America, and no

other food x^lant is known for this weevil.
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or partially destroyed. Of a lot of seed tested in Canada by Dr.

James Fletcher, Dominion ontomoloi^ist, 17 per cent grew, but only

2 pel- cent made strong looking plants producing seed, all the others

being stunted and weak. Another lot tested in which the radicle

had been injured by the weevil in escaping from the seed did not

grow at all.

LIFE HISTORY AND DEVELOPMENT.

The beetles appear on the vines when the peas are in blossom and

the eggs' are deposited singly upon the surface of the pods, being

attached by a peculiar viscid secretion which turns white in drying.

Th(» minute, newly hatched, or post-embryonic larva^ bores through

the pod opposite a pea, which it

enters and casts its skin, after

which it appears as a larva of the

ordinary Bruchid type. Within

the developing pea the larva feeds

and grows apace, and when fully

matured presents the appearance

indicated at h of fig. 66. It is

somewhat maggot-like in general

aspect, nearly cylindrical, fleshy,

strongly wrinkled and perfectly

white throughout except in the

region of its minute mouth-parts,

where it is brown. The larva in

this stage has been described as

apodous, or footless, but this is

an error, as it has three pairs of

very apparent legs. The full-

grown larva measures in its natu-

ral curved position about a fourth

of an inch (("» mm.) and is nearly twice as long as its diameter. It

now eats a circular hole in the pea, leaving only the thin outer mem-
brane as a covering, after which it lines the interior of the pea with a

thin layer of paste, excluding its excrement, and within the cell thus

formed it changes to pupa.

The pupa is white and delicate like the larva and shows the notclied

sides of the thorax (fig. 6G, c). In this stage the insect remains for a

' The egg is about one-twentieth of an inch in length ( 1.5 mm.), yellow in color,

three times as long as wide, pointed at one end and bhint at the other. Eggs are

shown, natural size. //* situ on the pod in fig. <)7 at <l. and magnified at a.

'At this stage the larva* are of tho nearly cylimlrical form shown by fig. 07, e.

They are provided with three pairs of short temporary or false legs, each composed

of only three apparent joints (see /). Uptm the thorax there is a series of six

strong retrorse spines, bordering which are two plates, strongly toothe<l along their

outer border (see g). Both i)lates and legs are evanescent, btat they assist the larva

in obtaining entrance to the pea.

Fio. 67.

—

BrucliuH pisonim: a, egg on pod; 6,

cross section of opening of larval mine; c,

young larva and opening on inside of pod by
which it had entered, enlarged; d, d, d, eggs

on pod, slightly enlarged; e, embryonic larva,

greatly enlarged; /, leg of same; g, protho-

racic spinous processes, more enlarged (reeu-

graved from Insect Life).
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period dependent upon atmospheric (conditions, <i week or several

daj^s longer. Individuals that were kept under observation at the

Department developed in seventeen days in the hottest July weather,

and in nine days in seasonable weather in August. Tlie periods of

the other stages of this insect, the egg and the larva, do not appear

to have been observed.

The tii'st adults of the new generation that have been observed in

the vicinity of the District of Columbia appeared on the 21st of July,

but other individuals developed as late as the middle of August. A
very considerable proportion of the beetles leave the seed in the latter

part of the summer and in the autumn in this latitude, but farther

north the beetles are said to remain in their cells usually until the

succeeding spring, when many are planted with the seed. In its

adult condition this sjiecies passes tlie winter. It develops only a

single generation annually. As it does not breed in dry peas, the

new generation for another year is dependent on such l)eetles as are

contained in planted seed or which escape from the storeroom.

PREDACEOUS ENEMIES.

Among natural enemies, the Baltimore oriole, Harris tells us, splits

open the green i^ods for the sake of the larvae within the peas, and
the crow blackbird is said to devour great numbers of the beetles in

the spring, but the introduction of the Engli.sh sparrow leaves few

of these birds near our gardens, and no other natural checks in the

shape of predaceous or parasitic insects are known for this weevil.

REMEDIES.

Holding over seed.—A simple and effective remedy, and one that

has been in operation for fifty years or more, consists merely in keei)-

ing seed peas in a close receptacle, such as a tight bag or box, over

one season before planting. The beetles Avhieh issue die without

being able to lay their eggs in the field. The primary injury to the

seed has been effected by tlie larva the first summer and after the

weevil develops, always during the first autumn in the writer's expe-

rience, further danuxge practically ceases.

Late planting.—Comparative immunity from i)ea weevil attack is

claimed by growers in some localities by simply planting late, and
the writer is disposed to the belief that in some localities, at least—as

for example, in the neighborhood of "Washington, where two crops

could be gi'own on the same beds—late planting is all that is neces-

sary to secure sound seed stock.

Fumigation with hisidphide of carbon.—When it is desire<l to plant

the first season after gathering the seed, bags in which peas have

been kept tightly closed should be i)laced in a tight box or vessel and
disinfected with bisulpliide of carbon, at the rale of an ounce or two

to 100 pounds of seed. Tliis method will kill the weevils without
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destrojing the germinative power of the seed, and its effectiveness is

in proiiorlion to the tii^htness of the receptacle. Benzine ajul jiaph-

tha or gasoline will serve the same purpose. In the use of all the.se

remedies care should be observed, on account of their inflaminalnlitj^

not to treat material in the immediate vi(!inity of fire, such as a

lighted lamp or cigar.

In many portions of this country where peas are extensively grown,

seedsmen and other large growers have a building especially con-

structed for fumigation and made as nearly air-tight as possible.

This building is filled with bags of peas and the bisulphide is then

evaporated in shallow pans containing about a fourth of a pound each

and distributed about on the bags. This liquid rapidly volatilizes,

and, being heavier than aii', descends and permeates the infested

mass, destroying all insects which it may contain.

Peas are usually subjected to this treatment for forty-eight hours

when they are desired for planting; but if for food, they may be
freely exi)osed until the fumes of the chemical shall have passed

entirely away. In the fumigation of a reasonably close room or

building it is customary to evaporate a [xnind or a pound and a half

of tlie bisulphide for every thousand cubic feet of space. If smaller

quantities of seed are fumigated, one ounce is evaporated to a hun-

dred pounds of infested material, and in still smaller quantities a

tablespoonful is used for each cubic foot. In comparatively em[)ty

rooms, and in such as do not admit of being tightly closed, two o>-

three times the above quantity of the chemical is sometimes neces-

sary. The effects of fumigation are best in warm weather, when the

insects are active.

TJirou'ijig seed into ivater.—The custom of throwing seed into water

just before planting is of some value if employed with discretion.

One has but to ti-y it for himself to demonstrate that what is true of

one kind of seed will not apply to another. The smallest and lightest

varieties of pea will float when infested or dainaged, while large,

heavy seed afTected by this weevil will sink to the l)ottom. Sound
seed only should be used for planting, and injured peas, unless used

as food for swine or fowls, should be burned.

Wm'iyi storage.—Some growers report good success in the storage of

peas in tight receptacles in rooms where they are kept warm all win-

ter. The beetles are induced to leave the peas prematurely, particu-

larly if the seed be occassionally stiired oi- otherwise agitated, and

die before the seed is wanted foi" planting. This remedy is u.seful in

.southern latitudes, where the bulkof the beetles escape in the autumn,
but is stated not to be so successful farther north wheie the adult

insects usually i-emain in the seed until the s|)ring.

Heat is of \;iliie in destroying insects in sloi-ed mate!'i;il. and it has

been found by e.\[)eiinient that n temperature of 14/J F. will kill the
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weevil.s in tho seed without injury to thegorniinative propi'ily of the

seed, A simihir remedy ccnisists in soakinj^ infested s<*ed for one

minute in boiling water. A longer time is apt to injure it for planting.

No efficient preventive of injury by this weevil is known, but coop-

eration in tho treatment of infested seed and in floau oulturo would

render further remedy unnecessary.

THE COMMOX HEAN WEEVIL.

{lirucliiis obtcctiis Say.)

The most formidable enemy to tlie culture; of l)eans in the United

States as wxdl as in many other countries, is the common beau we<;vil

{Bruchns ohtectas Say). In the natui-e of its attack it dilTers from tlie

pea weevil in. that it not only oviposits and develops in the pods in

the field but continues to breed for successive generations in seed,

after harvest and storage, until the seed is useless for jilanting or as

food for man or stock.

Fkj. W.—HrucliHs obtcctiis: a, bootlo; />, larva; c, i»ui)a -all greatly oularged (ori^ual I.

As with peas, the market gardens of the Nortli provide the dry

seed for consumi)tion and foi- planting in the Southern States. In the

countiy about Washington it is next lo impossible to procure a crop

of beans uninfestod by this weevil; hence, the stores of the city are

su[)plio(l mainly fi'om the North, New York State furnishing the great-

est quantities.

DESCEIPTION AND DISTUIBUTION.

The adult of this bean weevil is smaller than the preceding species.

It varies considerabl}' in size, but its length will average about an
eighth of an inch {'.) mm.). It is thickly coated with tine brown-gray

and olive pubescence which gives the bod}'^ that color. The wiug-

covers are mottled, as shown in fig. G8, o. From the pea weevil this

species may also Ix; known by the dilTerent shaped thorax and llu' two

small teeth in addition to the large tootli with which tlu» thighs are

armed. In fig, GO, a, the beetle is represented in profile with its head

bent under in its natural resting position.
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Fig. &>.—Bnichns obtectus: o, beetle in profile; b,

section of Ijcan pod, showing slit for deposition of

egg; c, portion of interior of pod, showing egg

mass inserted through slit; rf, head of post- em-

bryonic larva, front view; e, portion of thoracic

joints of mature larva, showing legs—all except

b much enlarged (a-d reengravod from Riley,

e original).

The history of this species begins with its description by the pio-

neer Western naturalist Thomas Say, in July, 1831. The first eco-

nomic or biologic account of the insect appeared just thirty years later,

but strangely enough it was
not until the year 1870 that it

attracted any marked atten-

tion by its injuries to crops.

Until recently this species,

like the jjreceding, was gener-

ally believed to be indigenous

to this country, which will ac-

count for its name, American

bean weevil. M. A. Fauvel,

the distinguished French cole-

opterist, has expressed the

opinion that this species is neo-

tropical, and .owes its origin to

Central or South America; the

question may rest here until

some good reason can be shown
for a contrary belief. It is cer-

tainly not native to the United

States, and if introduced from

the Eastern Hemisphere probably became acclimated in tropical

America before establishing itself in the North. There are several

species of edible Phaseolus, or wild bean, native there, and the fact of

the original specimens from

which the species was described

having come from Louisiana,

proljably from the vicinitj^ of

some seaport, lends color to this

hypothesis. The species has

spread by Ihe dislribulion of

infested seed ratlici- llian by

flight, which will explain its

next r<'('ord('<l appcarancf) in

Rliode Island in lS(i(), in New
York two ()!• tlireo years later,

and, in 1h(^ next decade, in New
Jersey, Pennsylvania, Illinois,

Kansas, ^lissouri, and else-

where. J>y 1873 it was r<?cog-

nized as the most abundaiil, spe-

cies of JJruclius over the region east of the Rocky Mountains. The

distribution of thr Ix'an weevil is now world-wide. It oecurs in nearly

every State and Territory of the Union, and in the Antilles and

Fk>. "iO. — Bnichus obtectus:

larva; b, jn-othoracio crest

(I, from side; <'

view of tarsi

a, post-ombryonic
f, hoad, from front,

antenna; /, thoracic log; g, roar

li, front view of same—

a

greatly enlarged, /> h still

(rooiigraved from Insect Life),

more enlarged
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Mexico, and is irenerallydiiriiscd llirouirli (Central aii<l South Anicrica,

in the latter countiy fi-om N'eneziiela to Buenos Ayres. It is also

known in southern Europe in the Mediterranean region, in Persia,

Indo-China, Algeria and Soutli Africa, Madeira, the Azores, and tlie

Canary Islands.

LIFE HISTORY AND HABITS.

Oviposition, as has been stated, takes place primarily in the field,

the eggs^ being deposited upon or insei'tod in the pod through a hole

made by the jaws of the female and througli openings, such as are

caused by its drying and splitting. A group of eggs is shown in out-

line in fig. 69, c, and the slit made by the beetle foi- their insertion on

the ventral suture of a pod will be seen at h, fig. 09. In shelled beans

the eggs are dropped loosely in the bag or othei- receptacle in which
they are stored, or are placed in holes made by the weevils in their

exit from the seed. Less seldom they are attached to the outer

surface of the seed.

Immediately after entering a bean the larva ^ undergoes its first

molt, losing its long legs, hairs, and thoracic plates, and when full

fed takes on the appearance shown in fig. 68, h, whicli represents

an individual just before transformation to pupa. In this advanced
condition the legs show only as pads, but a day or two earlier they

have more the character of legs, although, of course, rudimentary (see

fig. 69, e). Before transforming to pupa the larva leaves tlie cell in

which it has fed and forms an oval i^upal chamber with smootli com-
pact walls. Within this it transforms to i^ujia (fig. 68, c), in which
stage it may be distinguished from the pea weevil by lacking the

notches on the sides of the thorax.

Experiment has demonstrated that the eggs show a variation in

period of hatching from five days in the hottest weather to twenty
days in a cool exposure, and the larvfd stage requires from eleven to

forty-two, and the pupal stage from five to eighteen days, making foi-

the entire life cycle a i^ei'iod varying from twenty-one to eighty days,

according to season and locality. There are probably produced
annually an average of six generations in latitudes such as the Disti-ict

of Columbia and a less number in'more noi-thei-n localities.

Unlike the pea weevil, a large number of individuals will develop in

a bean, as many as twenty-eight having been foun<l witliin a single

seed. It will thus readily be seen tliat the first outdoor generation or

any single indoor generation is capable of exliausting seed and com-
pletely ruining it for food or planting or an}- other practical purpose,

' The eggs, as wotild naturally be expected from the smaller size of the beetle,

are not so large as those of the pea weevil, measuring only a fiftieth of an inch
(0.55-.7 mm.), which is two atul a half times their diamet«'r They are cylindrical

ovate and of the color of ground glass, caused by close granulation.

'The post-embryonic larva differs from that of other bean and pea weevils by its

larger temporary legs and by other characters, which are shown in lig. 70.

1 a98 16
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except, perhaps, as hog feed. This was conclusively proven in the

autumn of 1897 in the case of both the first outdoor and an indoor

generation observed in the city of WasTiington.

Tlie beetles begin to issue from beans in the field in a climate like

that of the District of t'olumbia and adjacent parts of Maryland and

Virginia as early as October, when in the natural course of events the

eggs for a new brood would be deposited in such pods as had cracked

open so as to expose the seeds within.

It is perhaps superfluous to state that this beetle prefers the bean

as a host plant, but it will also breed in cowpeas in the field as well as

in store, and in confinement, at least, develops in dried peas, lentils,

and chick-peas. AVhether the insect would attack these legumes in

the field in the presence of an abundant supply of its more favored

food plants remains to be seen.

It is no more true of seed infested l)y this species than of that

attacked by the pea weevil that germination is not impaired by the

work of the weevil in the bean. It has been proved experimentally

by Professor Popenoe that weeviled l)eans should not be planted. In

a test made at Manhattan, Kans., only 50 per cent of the infested seed

used germinated, and only 30 per cent could by any i)ossibility have

passed the germinating stage, and these, owing to more or less exten-

sive injury to the seed leaves, would probably have produced plants

of low vigor and correspondingh^ low productiveness.

Two species of parasitic Chalcidid flies, Eupelmus cijaniceps Ashm.
and Bruchobius laticollis Ashm., are valuable as destroyers of this

beetle.
REMEDIES,

No efficient means are known for the prevention of the attacks of

the bean Aveevil in the field; hence, we must place our chief reliance

upon the thorough destruction of the insects in the dried seed.

From the fact that this si)ecies continues to breed for upward of

a year in dried seed, it is obvious that ueilher the expedient of hold-

ing over seed for a year before planting nor that of planting late for

seed stock would be productive of good, as in the case of the pea
weevil. Recourse must tlierefore be had to fumigation or to heat,

and the earlier the seed is treated after it has been gathei-ed the

better the result.

Just l)efore it is i)lanled seed infested with this bean woovil should

l>e lightly thrown into water. Badly injui-ed seed will float, and may
then be picked out or [mured olT and destroj'ed. Sound scm! only
should be reservef] for planting.

T}IK roVVl'EA WEKVIL.

(liritrhns rhinriisis Linn.)

Cowpeas. while sultjeel 1o allaek by I lie preceding species, are far

more liable to be infested by two other beetles, the eowpea we<'vil and
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the four-spotted Ijoaii woovil, botli of wliicli uppOHi* ^o be specific

enemies of this ijhiiit, and which injure its seed in the same manner

as the common bean weevil. Like that species they begin work in the

garden and field and continue to breed in the stored seed, until they

entirely spoil it as food for stock, and seriously impair its geruiinating

power. Both species are generally distributed and injurious in the

South, and are widening their range with the increasing use of their

food plant as a soil renovator and as forage.

These two species of weevil resemble each other after a manner
superficially, in appearance as in habit, but they differ to some extent

in various details of their life economy as well as in structure and

distribution.

GENERAL APPEARANCE, ORIGIN, AND DISTRIBUTION.

The cowpea "weevil may be readily distinguished fiom the four-

spotted species by the two large, elevated ivor3^-like lobes at the base

of the thorax and by the strongly

pectinate antennje of the male

(see fig. 71, r/).'

This is undoubtedly an Old

World species and an ancient

enemy of edible pulse.

Linna3us described this species

in 1758, giving it its specific name
from its known habitat at that

time. On this head he wrote

^^ Habitat in Pisis oinnis yenei'is,

e China allatis,^^ and we may
safely conclude that China was

the original home of this species. Like the common bean weevil, it is

now widely known through its distribution by commerce, being partic-

ularly abundant in tropical countries. Its recorded distribution

al>road includes Europe; China, Japan, and the East Indies in Asia;

Egypt, Sierra Leone, Barbaiy, Algeria, and the Cape of Good IIoi)ein

Afi'iea; Puerto Rico, Panama, Bi-azil, and Chile in tropical America.

It has been for some time thoroughly acclimated throughout the

Southern States of the Union, and fi-om present knowledge it is fairly

certain that it is capable of establishing itself wherever its food plant

will grow. Recent observation shows that the species is a pernument

inhabitant of the District of Columbia, and of Maiyland and Virginia

in the immediate yicinity. Westward it occui-sas far noi-th as Iowa.

' The ground color is dull red, sometiiiles more or less blackish , variegated with

yellow and gray or wliite i)iiljescence. The pattern of the elytra varies, that

shown in the illustration being the prevailing form of specimens reared in the

District of Columbia. The darkest spots at the sides are not round and conspic-

uous as in the four-spotted bean weevil, and the apical spots arc sometimes want-

ing, while often black is the prevailing color of the dursal surface.

Fig. 71.

—

Briu-hus chinensis: «, adult male: h.

egg; c, post-embryonic larva; d, front view of

head of same; e, thoracic leg of same—« much
enlarged, b-e more enlarged (original).
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The c-o\vi)ti«i is credited with haviiiii; fivsl been cultivated in this

country in the early daj's of the eighteenth century, but there is no

available earlier record of the occurrence of the insect here than 1853.*

LIFE HISTORY AND DEVELOPMENT.

The cowpea weevil does not differ veiy strikingly in its life habits

and economy from the common bean weevil. A careful study of the

biology of each, however, has been rewarded by the development of

certain points of difference, which may be briefly summarized.

The egg- when freshly laid is clear and translucent, but l)ecomes

grayish white with age. The eggs are deposited on the outside of the

gi-owing pods in the field and upon the dried seeds, and are attached

by a glutinous substance which covei's the egg and extends somewhat

around it. The larvse'^ hatch from them in four, five, or more days,

depending upon the season and other circumstances, and burrow into

the pods to the developing seed, which the}^ penetrate. In two or

three weeks in midsummer w^eather they have attained full growth,

when they present much the same appearance as the larvae of the

previously mentioned w^eevils. The pupa state lasts from about four

or five days in warm Aveather to consideralily longer in cooler weather,

when the beetle form is assumed. The beetle gnaws its way out of

the seed, in the same manner as do the other species of Bruchus, by

cutting a round flap through the skin of the pod. The first brood

which develops in the field attains maturity at least by the third week
of September, and perhaps earlier, if we may judge by the appear-

ance of the exit holes in the pods and the further fact that certain

varieties of cowpea mature sooner than this.

The beetles continue to develop in the dried and stored seed for

several generations, in fact, until the seed becomes completely ruined

foi" any practical pui-pose and unfit even for the sustenance of this

insect. In a very short time decomposition sets in, inviting swarms
of mites, and the beetles are forced to other quarters in their struggle

for existence.

In a fairly warm indoor temperature six or .seven broods probably

develop annually in a latitude like that of Washington, I). C
It is yet early to say with positivene.ss which varieties of seed are

most sul).ject to infeslalion by this insect. Tlie "Unknown" cowpea

seems to be a favorite seed, but- tlu; insect is also injurious to all ot hci'

' F. E. Melsheimer, Cat. Col. U. S. 1853, p. 99, mentioned as scutellaris Fab., syno-

nym of HI lino t IIH Sch.

-Thfvegg, shown in ontlineiit fig. 71 . /», is ovate, about six-tenths of a milliuieter

in length and two thirds as wide, convex extei'iorly and flattened interiorly at the

point of attachment.

•The newly-hatched larva (fig. 71 , D resi'mbles somewhat that of the pea weevil.

It is of course smaller, the minute temporary legs (seec) areapi)arently not jointed,

and the prothoracic plate {d) bears blunt, rounded teeth instead of acute spines.
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varieties, to '"adsuki " beuns {Phaseolus r(uli<dus),\)\\^{nni peas(f,V/ya-

nus indica), Q.o\nmon peas, lentils, and chick-peas (Czcer arietinum),

and to the Coylonese seeds known in their native home as "kolii"

and "muneta." Table beans of different varieties also serve as food

for this species.

It has been noticed of this weevil that material infested by it under-

goes a marked elevation in temperature, particulai-ly at times wlien

the beetles are undergoing transformation and issuing from the seed.

In one instance the temperature of a small sack of seed infested by

the cowpea weevil was found to be 25° F. higher than the surrounding

atmosphere.

This weevil is sometimes attacked while in an immature condition

by two or more Chalcidid parasites, and quite fi-ecjuently falls a prey

to the omnivorous mite Pediculoides {Heteropus) ventricosus Newp.,

which destroys it in all stages.

REMEDIES.

The similarity of the life habits of this and the common bean

weevil renders it amenable to the same remedies, bisulphide of carbon

or heat.

THE FOUR-SPOTTED BEAN WEEVIL.

{Bimchus quadrimaculatus Fab.

)

DISTRIBUTION AND HISTORY.

The four-spotted bean weevil is the more slender species and differs

from the cowpea weevil by many characters.' What appears to be

the comm(mest form of col-

oration is illustrated at fig.

72, a.

This species is undoubt-

edly exotic, but its origin

and the time of its introduc-

tion ai-e obscure. Olivier,

in his " Ilistoire naturelle

dea Insectes" (Vol.IY, No.

79, p. 10), published in 1795,

notes its occurrence in "Car-

olina, where it lives in peas."

The original description of

the species appeared thre<> yeai's earlier, and was from specimens from

Santa Cruz, West Indies. Other earlier records are also American,

Fio. Finirhnx !,-iiiaculntu.t: n, l)eetlc: h. liirva; r,

pupa- all onlarBcd (oritjinal >.

'The ground color is black, with black, gray, and white pubescence. The iin-

tenniP are serr;ite and not pectinate in the male. The basal lobe of the thorax is

marked witli white pubescence onl}'. The elytra are longer, and the gray and

white pubescence is so arranged as to leave four large blai-k spots, whence the

species derives its name. These markings are variable and often lucking.
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iuc'luding JJra/il and Mexico; but it is pr()l)able that the inst'ct, like

its preferred food plant, the cowpea, is from the tropical Orient

.

Its distribution extends throughout tlie South, and in all probability

wherever cowpeas grow. It is evidently accliniated as far north as

Iowa. Abroad it is recorded from Venezuela, Brazil, Mexico,

British Honduras, tlie West Indies, East Indies, Sierra Leone,

Ethiopia, southern Fi-ance, Italy, and elsewhere.

Since Olivier's note on the food plant of this species there was a

lapse of nearly a century before any attention was drawn to it in its

economic or biologic aspect in this countr3^ In 1893 it was mentioned

as having been found at the first Atlanta Cotton Exposition in 1885,

infesting "black-eyed table beans" from Texas. At the Columbian

Exposition in 1893 it was breed-

ing in great numbers in beans

and cowpeas in the exhibits of

Brazil and Venezuela, most of

the exliibited seeds being badly

decomposed toward the latter

days of the exposition. In suc-

ceeding years complaints were

received from various sources.

The cowpea is the favorite food,

the "black-eye" variety seem-

ing to be 1)referred. Peas and

beans of various sorts are also

attacked.

The writer has noticed of this

species more than of anj' other

insect that attacks stored pro-

ducts that decomposition sets in in the material infested at a verj'

earh- period, and that this is more noticeable in cowpeas than in any

other seed.

Repeated experiments, conducted at various times with diflferent

lots of cowpeas infested with tills s[)ecies, tend to show that it breeds

with greater facility in fresli and slightly moist seed, such as is often

furnished by the development of a brood of its own kind, than in

diy seed, and it is therefore advisable to keep seed in a perfectly dry

atmosphere.

In its life economy this weevil very nearly resembles the two jire-

ceding species.^

' The fc^f? closely resembles that of the cowpea weevil, but it is perceptibly

larger and i)rop()rtionately wider, more brciadly rounded anteriorly and more

narrowed posteriorly, Ijeing apically pointt-d. with the extreme ape.x produced.

Tbe eggs are shown as doimsited on an infested cowi»ea at fig. 7:5, a, and more en-

larged at /'. Tlie n<'\vly-liiitcln"d larva, 8hf)wn in profile at c, resembles that of

tbe cowpea weevil, but the tbora.x ((/) is armed on the lower portion of the plate

Fig. 73.—B)-7tchitsl,-mncuIatu.<i: a, cowpea, showing

holes made by weevils in their escape from seed,

also eggs deposited on surface; 6, egg in outline;

c, post-embryonic larva; d, head of same; e,

prothoracic leg; /, spine above spiracle of first

abdominal segment—ci twice natural size, b, c

greatly enlarged, d, e, / more enlarged (origi-

nal).
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REMEDIES.

The remedies to be employed against this sp«H'ips arc th<' same as

for the common bean weevil.

FOREIGN BEAN AND LENTIL WEEVILS.

In foreign countries there are other species of bean- and pea-

feeding weevils related to the four species previously noled from

their injuriousness here, three of which are of sufficient importance

in their native or adopted homes to merit l)rief mention in this

connection. These foreign weevils have been imported into the

United States numbers of times, but, so far as at present known,

none have j'ct become acclimated with us. In all probability their

introduction will be effected sooner or later, in spite of the reported

failures of such individuals as have been brought here to survive and

procreate.

The European Bean Weevil [Bruchiis rufimanus Boh.).—The
most important of the foreign weevils is the one above mentioned. It

is common and destructive in Europe and in North Africa. In these

countries it takes the place of our common B. obfecfus, and altliough

it feeds on peas as well as various sorts of beans, appears to favor the

broad or Windsor varieties.

This species is very closely related to the pea weevil, being of the

same size and of similar appearance. It can, however, be readily

distinguished by its much narrower thorax and fainter markings,

particularly the large spots on the ijygidium, which are only weakly
indicated.

The importation in 1870 into New York or New Jersey of a lot of

"pea pods" from Switzerland infested by this weevil first brought

the species to public notice and led to general belief that it was
actually introduced here. It was doubtless brought to this country

in seed before that date, as it has been many times since.

The writer found it in nearly every one of many samples of Wind-
sor beans exhibited at the Columbian Exposition in 18!)3. During the

same year the species was found in peas at College Station, Tex.

In its life history it does not appear to dift'er materially from the

congeneric pea weevil. Like that species, it oviposits on the growing

pods in the field, and the beetle matures in the eaily autumn and
winters over usually in the seed. As with its congen<M' also it pro-

duces only a single generation a year, but the laige size «>f the beans

with three acutely pointed teeth on each side, and the teeth on the upper portion

are also pointed. The legs (e) are apparently two-jointed. The fully matured
larva is shown in fig. 73 at b, and the pupa at c. This species, like the preceding,

is subject to the attacks of the mite Pediculoides t'entricosiut Newp., which
destroys it in its various stages and often in great numbers. Two species of

Chalcidid pai'asites, BrncJiobins laticollis Ashm. and Aplnstornorjjhaprat t li Ashm.

,

MSS. , also assist in its destruction.
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which it most often iuliabils enables several beetles to live within a

seed.

The Lentil Weevil {Bruehus lent is Boh.).—This weevil, as its

name indicates, is the specific enmej^ of the seed of the lentil and does

considerable injury to that legume. It belongs to the same group as the

European heauM-eevil and the pea weevil, and is probablj', like them,

indigenous to the Eastern Hemisphere, where it ranges through mid-

dle and southern Europe, Egypt, and Syria. The adult beetle resem-

bles in miniature the latter species, measuring only an eighth of an

inch.

The lentil weevil was first brought to public notice in this countrj'

in 1880, when it occurred in imported lentils at Buffalo, N. Y. In

1893 it was found by the writer in various exhibits of lentils at the

Columbian Exposition ; in 1804, in lentils received from Boston, Mass.,

at this Department, and again the fol-

low ing year in a lot of the same seed

received from Egypt and designed for

1 J|^M|M|v distribution in this country. Beetles

y Jiii^MV in this last lot were numerous, alive,

yiKKMn ^"<^^ active in the middle of February,

but the entire consignment was tlior-

oughly fumigated before being distribu-

ted. Lentils are sparingly grown in

some parts of this country, but the

weevil, so far as is known, has not yet

been introduced. Its permanent inti'O-

duction, however, would api^ear to be

assured, as this seed, which is already under cultivation in limited

areas, becomes better known and appreciated, and will be accom

plished by the increased importation of foreign seed for food and for

planting, unless proper means are emploj^ed to prevent it by inspec-

tion and fumigation.

The Mexican Bean Weevil (SpennojjhaguspectoroUs Shp.).—The

thiid foreign weevil that will be mentioned is shown in fig. 74. It

is an inhal»itant of South and Central America and breeds in the seed

of beans and cowpeas. Its eggs, also illustrated, are round in outline.

The species oviposits freely upon stored seed, and there is, therefore,

every indication that it breeds like our common bean weevil for suc-

cessive general ions in the same material. It occurred in great numbers

at the Columbian Ex[)osition, but tlie infested material was all fumi-

gated or destroyed under the writer's direction, and thus its i)ossible

introduction from that source prevented. The bean weevil is con-

generic with five (h'scribed sjx'cies (Zabrotes) indigenous to the Tnited

States, one of which occurs as fai- north as Maryland, and altlh)ugh it

is a tropical form, its introduction in time into the Southern States

would not appear imi)rol)able.

Fig. 74.

—

Spermnphaguspvctoralis: wee-

vil at right, much enlarged; Mex-
ican bean at left showing: below,

holes made by beetle in ogress; above,

a group of eggs on surface, three

times natural size (original).
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BUSTEK BEETLKS.

Several of the inaiiy species of Meloida', or ])list«M' beetles, that are

so destructive in gardens, particularly in llic Southwest, are very

injurious to beans, peas, and other legiiiiiinoiis ci-op plants. I'hese

insects are gregarious, and it is their habit, in their seasons of

abundance, to congregate in great numbers, when, as they feed

most voraciously (apparently consuining num^y times as much as they

are able to assimilate) they injure a crop beyond recovery in a few

days.

The Ash-gray Blister Beetle [Macrohasis nnicolor Kby.).—The
most troublesome blister-beetle enemy of legumens in the Ea.st is the

one here figured. This beetle is elongate in form, rather soft-bodied,

and of a uniform ash-gray color, produced by a dense covering of minute

hairs of this shade. The female is illu.strated at fig. 75 and at the left

is shown a male antenna. It inhabits the entire Eastern United States

fI'om Canada, New England, and South Da-

kota to Florida and Texas, extending west-

ward to Kansas and Nebraska.

This species does severe injury to beans

and peas hy devouring the leaves, and the

past year it was found upon cowpeas and

soy beans at "Washington. Of other legu-

mens it attacks clover, locust and honey
locust, and numerous wild plants, such as

lupines, astragalus, and wild indigo. It is

quite a serious enemy of the potato, and has

been reported by Department correspond-

ents to do danuige to tomatoes, sweet pota-

toes, anemones, and chrysanthemums.
The beetles ai-e actively destructive for a

month or more. In the latitude of the Dis-

trict of Columbia they make their appearance about the middle of

June and farther north from one to four weeks later.

In their life historj' blister beetles differ greatly from oilier Coleop-

tera in that they uudei-go a moi-e complicated series of metamorphoses.
The class to which this species belongs ft'cds upon the eggs of locusts

or grasshoppers. The blister-beetle eggs are laid on plants or upon
the ground. From each hatches a small long-logged larva, called a
" t!-iungulin," which runs actively about in scaich of a grasshopi)er

egg-pod, which it enters and feeds upon. After a time it casts its

skin and assunu's what is called the "carabidoid" larval stage, and
when it next molts, it i-es«Miiblcs a white grub, the "scaraba'idoid

"

larval stage. When a lavNa has linishcd its (|U()ta (tf locusts' eggs, it

undei'goes a third molt and forms within its own sUiii what is known
as the "coarctale" larval st.igc or " pseudopupa," and in this condi-

tion usually passes the winter, in the spring ihe fourth and ultimate

Fi<;. 75.

—

Mticnihdxix iiiiirolor: fe-

male beetle at right, twice nat

ural size; male antenna at left,

greatly eniarjjed (original).
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larval molt, lakes place, and with the liflli molt the insect enters upon

the ti-ue pupal stage, and in due time transforms to a beetle.

Blistei- beetles are not an unmixed evil, since they do some good in

their larval stage to compensate in a measure for the harm they occa-

sion to our crops; for the habit of the larvae of feeding upon grass-

hopper eggs renders them of very material aid in keeping these

pernicious insects in check. This is especially true of the Western

States, where both blister beetles and grasshoppers abound. But the

benefit derived from the in.iect while in its larval stage is really more

than counterbalanced by the loss it occasions in fields and gardens;

hence, insecticides or other measures should be employed to destroy

the beetles when they occur in harmful numbers.

Remedies.—Paris green is one of the best remedies for blister

beetles when they occur on potatoes and most

other crops. It may be applied dry, mixed with

from 10 to 20 parts of flour, plaster, or air-slaked

lime, or in the form of a spray, also mixed with

lime or Bordeaux mixture, at the rate of a

quarter of a pound of the poison to 40 gallons of

the diluent. But, unfortunately, in the use of

an arsenite upon beans there is diflBculty in

obtaining a drj^ mixture or solution sufficiently

strong for the destruction of the insects which

will not endanger the plants by burning or

scalding. The addition of lime mitigates this

to a certain extent. Repeated applications are

sometimes necessary, since the poisoned bee-

tles are replaced by others.

A remedy which is employed with success in

the Western States consists in sending a line of men and boys through

infested fields to drive the beetles, by short flights and running,

before them until they alight in windrows of hay, straw, or other dry

vegetable material which have i^reviously been prepared along the

leeward side of the field. When the beetles have taken refuge in

such a windrow, it is fired and the beetles are burned.

After what has been said concerning the voracity of these beetles it

is almost superfluous lo add that whatever remedy is (Muijloyed should

be applied at the outset of attack in order to be of substantial value.

Nuttall's Blister Beetle {Cantharis nnitalli Say).—This spe-

cies is to the bean indu.stry in the Northwest what the ash-gray blis-

ter beethi is in the Eastern States. The beetle (fig. 76) is a large and

beautiful insect, variable both in color and size. It is bright metallic

green, the hea<l and thorax have usually a cojjpery luster, and the

wing-covers are often purple. In measurement it varies from a little

over half to nearly an inch. Its habitat extends from the Mississippi

River to the Rocky Mountains, and it is particularly abundant in South

Fig. ^&.—Cantharis nuttalli:

female beetle, one third

larger than natural size

(original).
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Dakota, Minnesota, Colorado, Montana, wostein Nel)raska, and tin;

Northwest Territories of Canada. It is a near relative of the Spanish

fly, the Cantharis vesicatoria or cantharides of commerce, has the

same blistering properties, and might be put to the same use. In

fact, all the members of this family possess a vesicating i)rincipl»', and

the native representatives, nearly two hundred species in number,

could all be used as cantharides.

The life history of this blister beetle is unknown, but it is probably

similar to that of the preceding species. The beetles make their first

appearance about July 1, ravenously devour the blossoms and tender

leaves of beans and other garden vegetables, and, if i-eport speaks

truly, they are capable of destroying a crop in a day. Fortunately

this species is sporadic in its attack, its appearance in destructive num-

bers following years of excessive locust or grassliopi)er abundance.

Were it otherwise, growers of beans in the territory which it inliabits

might be obliged entirely to abandon the cultivation of this crop.

Remedies.—From the rapidity with which this insect works, it is

obvious that poisons are of little value. We must, therefore, resort

to mechanical measures for its destruction, and in the employment of

these promptness and thoroughness are the essentials. The beetles

may be destroyed by one of three methods: (1) By driving them into

windrows of dry straw or similar material and burning them; (2) by

sweeping them into a net, such as is used by insect collectors, and

throwing the captured insects into a fire; (3) by beating the beetles

into specially prepared pans of water on which there is a thin scum

of coal oil.

THE BEAN LADYBIRD.

{Epilachna corrupta Muls.)'

This species, which is called also the spotted bean beetle, has been

known as injurious only a few years, and its field of operation is

limited both as regards the number of crop jjlants affected and the

territory over which it ranges.

This beetle is one of three species of the ladybird family (Coccinel-

lidse) known to live b}^ choice on vegetable matter, the other species

being predaceous and subsisting largely upon plant-lice and soft-

bodied larvae. It is nearly hemisijherical, in outline broadly oval,

and its length is a little more than a fourth of an inch. Its color is

light yellowish brown, and each wing-cover bears t(»ur black spots

(see fig. 77, b).

This species was originally described from Mexico. In 1864 it was

recorded from the United States, but it was not until 1883 that any-

thing appears to have been published concerning its liabits. In this

year it did serious injury to wa.x beans in Colorado. In later yeai-s

' This name, according to Rev. H. S. Gorham, must give way to E. varivestis

Muls. (See Biol. Centr.-Am., Col.. Vol. Vll. p. 242.)
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similar instances of injury Aveie i'ei)oited from New Mexico. Its dis-

tribution comprises also Arizona and western Kansas.

The insect is <lescril)ed as l)eing the worst enemy to the bean crop

in the West, its work being compared to that of the Colorado potato

beetle, and in some localities it is stated to frequently destroy entire

crops. It devours in both larval and adult stages all parts of a bean

plant, leaves, flowers, and green pods. The female beetle deposits

her yellowish-brown eggs in large clusters on the under surface of bean

leaves (fig. 77, f/), and the larvfe feed chiefly upon the lower sides of

Fig -Epilachna cornipla: a, larva; b, beetle; c, pupa; d, egg masis— all about

three times natural size original).

the leaves. The full-giown larva shown in the illustration at a

is of about the same length as the beetle, in coh)r j-ellow, and cov-

ered with stout branched spines. When fully matured, it attaches

itself to a leaf by its iDOsterior end and transforms to pupa (c). The

beetle, where obseived in New Mexico, makes its appearance from the

latter part of June to the middle of July, and the new brood of beetles

is to be found in September and October, The winter is passed in

the adult stage, and only a single genei-ation has been observed in a

year.

The eggs are preyed upon by two predaceous ladybirds, Hippo-

darnia coiwergetis Gnei-. and Coccinella fransversogidUUa Fab. The

beetle when disturbed has a habit, po.ssessed in common by other lady-

bird.s, of diviwing ui) ils legs so that a small drop of yellow liquid, hav-

ing a disagreeable odor, exudes from each kneejoint, and it is probable

that this enables it to secure for itself comparative immunity from the

attacks of bii-ds and other enemies.

REMEDIES.

Paris green suggests itself as tlie most useful insecticide for this

specie's, but unless grealcare be taken in ils application, certain varie-

ties of beans ai-e liabh^ to be killed by the scorching of their leaves.

It should be applie<l as an undeispjay at the first appearance of tlie

beetles. K<*rosene emulsi(»n appli<'d also as an un(lers[)ray gives still

better results, as it is not open to the same objection of poi.soning the

plants as in the case of the arsenites. nand-i)icking of the beetles
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and their cfj^gs upon llieii" <'nrli('sl appoaraiicfi is n iiicasiii-c (tf prcvi'n-

tioti that would coiiipensatc loi- the tinu^ and hibor on small kitchen

gardens.
THE BEAN LEAF-BEETLE.

{Cerotoma trifurcatd Forst.)

An insect of considerable importance in the Gulf States, and of some-

what minor impoit farther northward in the vicinity of Maiyland and
Virginia, is the bean leaf-beetle {Cerofoma trifurrafa Forst.). This

species fiist became known as an enemy to beans in 1875, from its

injuries in Shawnee ('ounty, Kans. In later yeai'S it at tract ed attention

successively in jiortions of New Jersey, Louisiana, Indiana, Delaware,

Ohio, Maryland, and Virginia, and during the year 1897 was particu-

larly numerous and troublesome in the last two States. Injury is due
to the adult beetle, which eats

large round holes in the grow-

ing leaves of beans and cow-

peas, and certain other legu-

minous plants, including culti-

vated beggarweed or tickseed

{De.sinodiuiii tortuosum), a

plant which is grown to some
extent in the South for forage

and as a soil renewer. The
larvae also do their share of

damage b}^ feeding on the

roots and upon the main stems

of the plants just below the

surface of the ground.

The adult beetle is a mem-
ber of the family Chrysome-
liche and resembles in sev-

eral partieulai's the cucuml)ei-

l)eetles (Diabrotica). It measures from a seventh to a ftfth of an inch

(3.5-5 mm.) in length, and is neai'ly twice as long as wide. It varies

greatly in color, from pale yellowish oi- butf to dull greasy red, with

black markings, arranged, in what ai)peai-s to be the typical foi-m, as

in tig. 78, <i. Individuals often occur, however, in which the elytral

marking is almost if not entirely wanting.

This species is native to Xorth America and found from Canada
southward to the Gulf States and westward to Kansas and .Minnesota.

It ranges from the Transition to the Lower Austral life zones, being

most abundant and injui-ious in the last.

The bean lear-l)eetle feeds both on eowjx'as and beans, and of the

latter the low-growing, or dwarf, varieties are usually most injured,

since theii' pei-iod of growth is shorter, while the pole l)eans put out

new leaves after iujuiy has ceased. The beetles when al)undant strip

Fig. "%.- Cvrntoma irifurcata: a, adult l>Gotle; 6,

pupa; r. larva; d, side view of anal segment of

larva; <-, leg of .same; /, egg—<i. h, <• enlarged

about six times, rf, e, f more enlarged (author's

illustration).
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the leaves to their veins and midribs. Ordinarily they would seldom

attract attention, as they feed and rest during the greater portion of

the day almost exclusively on the under side of the leaves. Before

the cultivation of beans in the United States, this beetle fed upon its

wild food plants, of which tick trefoil (Meibomia), bush-clover (Les-

pedeza), and hog peanut (Falcata) are known. The beetles are rather

sluggish and seldom seen in fliglit, noi- are they easily disturbed, and
hence may be I'eadily captured by hand. ^Vhen alarmed, they drop

to the ground, but soon reascend to the plant.

In tlie extreme South the beetles appear as early as Ajiril, and
farther northward as late as June. The minute oi-ange-colored eggs

(shown much enlarged at fig. 78, /) are laid around the stem of the

insects' food plant, just below the surface, and in clusters of from six

to ten or more, and the larvae when hatched eat around the stem and
feed also upon the i-oots. The eggs hatch in from five to eight days,

and the lai'va? attain full growth in from four to six or seven weeks.

The full-grown larva is shown in fig. 78, c, enlarged about six times.

It is nearly cylindrical in form, milk-white in color, with darker head
and anal segment. It measures about three-tenths of an inch in

length (7-8 mm.), and is about an eighth as wide as long. The
pupa, shown at h, fig. 78, is white like the larva and delicate in texture.

The pupa state lasts from five to eight days, these periods varying

with the conditions of heat, drj^ness, or moisture. The entire life

cycle requires from six to nine weeks. The i)eriods indicated are for

the latitude of the Distiict of Columbia. In the most northern range

of the species there is probably only one generation a year. In Mary-
land and Virginia there are evidently two, the former developing

during .Inly, the latter in Septembei-. In the Gulf States there is

probably a third generation, as the beetles are numerous there as

late as October.
REMEDIES.

The sluggishness of the beetles indicates hand-picking as of value

in small gardens early in the season. Pyrethrum is said to be use-

ful in checking its depredations, but the chief reliance would bo in

spraj'ing with one of the ai'sonicals, where the insect is sufliciently

numerous to justify a poisonous insecticide. This I'emedy should be

emidoyed on the first appearance of the insects in order to stop them
at the outset and to avoid possible poisoning of the b<»an pods if

these are to be eaten gi-een. An iini)ortaiil measure is clean culture

and the careful weeding out of wild food plants, such as tick trefoil

and ])Ush-clo\ei', in the neighlxnOutod of cuIfivaltMJ crops.

OTHER INJURIOUS BEETLES.

Several other species of beetles of (Hiinivorous habits in tiieir a<lult

Cfuidition attack leguminous food plants. Prominent among these

are the banded flea-beetle {Sysfena tceniaf^i Say) and the pale-striped
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flea-beetle {S. hlanda Mels.'), species of coinmon oceurreuce on

beans. In 1894 the former was reported to have been very destruc-

tive in Ohio, where large fields were seriously dainaj^ed. These bee-

tles are often met with in ijjardens and attack a variety of plants,

such as beets, melons, carrots, and potatoes, but foi-tunately they are

only sporadically injurious.

Beans may be protected ajjjainst these insects by a dustinj^ of air-

slaked lime, which will foi-ce them to feed upon their wild food

plants, which consist chiefly of common garden weeds. Bordeaux

mixture applied as a spray is of value as a repellent against flea-

beetles, and will doubtless prove effective against the present spe-

cies. If the beetles are present in great abundance, Paris green

should be added to the spraying mixture.

In the neighborhood of the District of Columbia the twelve-spotted

cucumber beetle (Diabrollca 12-i)anctata 01.) attacks the foliage of

beans and other edible legumes in the same manner as does the

bean leaf-beetle, sometimes also injuring the pods.

THE BOLL WORM OR CORN-EAR WORM.

(Heliothis armiger Hbn.)

The maturing pods of beans, peas, and cowpeas are often found

bored full of holes and the seed within devoured. The insect most

often concerned in damage of this nature is Heliothis armiger Hbn.,

better known as an enemy of cotton, corn, and tomatoes, whence it

has received the vernacular names cotton boll worm, corn-ear worm,

and tomato fruit worm. It is a species of wide distribution and de-

structiveness, but whether it is indigenous to this country or imported

is not known.

In addition to the crops mentioned, this species feeds upon and
injures tobacco, pumpkin, squash, melons, red peppei-, okra, and
other vegetables, and among garden flowers it attacks gladiolus,

geranium, mallow, and mignonette. In Europe it is injurious to

chick-peas and lucei'u. In feeding upon beans and cowpeas it de-

vours a seed or two and then comes out and enters another pod. A
single larva is capable of ruining several pods. One that was kept

under observation destroyed a pod in a day. Even if only a single

hole is made the damage is apt t(^ be considerable, as the [u>d is

likely to become more or less decomposed and access is afforded to

other insects and to rain. The same is true of tlie injuries by tliis

insect to other fruits.

The adult of the boll worm is a Noctuid moth. Its general color is

ocher yellow, more or less variegated with l)lackish markings, and
arranged as in fig. 79, a. It measures about an inch and a half across

its expanded fore-wings.

' The latter is considered by some authorities a variety of the fonnrr.
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Tlie larva or caterpillar vaiies greatly in color, (lifferont shades of

pink, purple, and green l)eiiig the prevailing ground lints. One of the

dark striped forms is shown at b and a light, nearly immaculate form

at c. Individuals that liave fed more or less freely exposed to sun-

light are darker and
brighter colored tlian

such as have lived hid-

den from view within

bean pods, ears of corn,

or tomatoes.

The eggs of the boll

worm are laid at twi-

light upon any portion

of a plant and they

hatch in from two days

to a week. The cater-

pillar . attains its full

development in from

two to four weeks,when
it enters the ground

and transforms to a

light mahoganj'-colored

chrysalis (see fig. 79, d).

The duration of this

stage is from one week
V\0.~t9.—Hclh,this(irmi<jer: a, moth; 6. dark larva: c, lighter tO a UlOUth. TllO aVCr-
larva entering pod; d, pupa; c, last segment of same, ventral

^^^^ |-£^ cycle from e""g
view— all somewhat (ailai'ged (oi'iginal). * ^ ^'^

to adult is between five

and six weeks in the South, and the number of annual generations

varies pi-obably from about two or three in the northern range of the

species to four or five in the cotton States.

REMEDIES.

The habit of llie boll worm larva of feeding in concealment renders

it practically impossible to kill it with poisons. Wlien it occurs on

cotton a ti-ai> croi) of <M)rn is einployeil with profit, and it is ])ossible

that lecourse might be had to similar measures when the insect

occurs in peas and beans. Thoiougli applications of Paris green,

either in tlui foi-m of a spray or diy in powder, will doubtless kill the

younger caterpillars, but string beans treated in this manner should

be rinsed in water befoie cooking or before sending them to market.

Late fall i)lowing is' of vahn^ in ridding infested fields of the boll

worm, but there is no ])ractical renied.\- known foi this insect when it

occurs in coi-n ears or tomatoes.
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THE PEA MOTH.

(Semasia nigricaiia Steph.

)

For a number of years i)ast the larva of tlie pea moth lias done in-

jury to peas in the Dominion of Canada, where the cultivation of this

crop is an important industry. It especially affects late ciops, <lam-

aging the ripening peas in the pods. This is a comparatively new
importation from the Old Woi-ld, wh(;re it has been known for many
years as an enemy of the pea. It is as yet practically unknown in

the United States, but the pea growers of New York and New Eng-

land and other Northern States should be warned against it.

No remedy appears to be known for this species beyond early fall

plowing and the destruction of the infested vines.

CUTWORMS AND OTHER CATERPILLARS.

Cutworms.—Numerous leaf-feeding caterpillars feed upon the

foliage of leguminous gaiden plants, of which cutworms of .several

species are among the most important, often causing extensive dam-
age to young plants by
cutting them off, and to

older plants by sever-

ing their leaves and ten-

der shoots. One of our

common forms often

found on beans and peas

is shown in fig. 80. It

is called the Western
striped cutworm {Feltia

siibgothica Haw.), and is

widely distributed and
injurious. Other spe-

cies troublesome to jjeas

are the clover cutworm
{Mmnestra trifoUi Rott.) and the zebra caterpillar (J/, [tic/a llarr. ).

The best cutworm remedy is a baitcon)posed of bunches of clover,

grass, or weeds, poisoned by dipping them into a solution of arsenic

or Paris green, or of a mash of bran [)oison('d in a siniilar manner
and scattered about at the bases of the vines.

The Yellow Bear {Sjiilosouid rin/inlrn Fab.). —A hirge hairy cat-

erpillar called yellow bear or woolly bear sometimes docs considerable

harm to peas and beans. It is one of the commonest of garden pests,

and api)ears to thrive e(iually well upon any sort of herbaceous plant,

from garden vegetables, fruits, and Mowers to weeds and gras.ses. It

infests alike fields of corn ami cottoiu orchards, and vineyards, and
sometimes defoliates forest and shade tices.

The adult, known as the ermine moth, but commonly called "the
1 Ay8 17

Fio. 8(J.

—

Feltia snlif/othira: mature moth above, larva Ij«>

low—somewhat enlarged (original).
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miller" (fig. 81, a), has awing expanse of from 1^ to If Indies, is

whito in color, -with a black discal spot on the fore-wings and two on

the hind-wings. Tlie yelh)\v eggs are deposited in large clnsters on

the nnder sides of leaves. The caterpillar when fnll grown measures

about 2 inches, and varies in color from pale cream (c) to dark red

or brown (I)). Transformation to pupa takes place in a loose cocoon

constructed from its own hairs (see d and e). In this state it remains

for from twelve days to a month. There are evidently two genei-a-

tions annually in a climate such as that of Maryland and Virginia,

Fig. %\.—Spilosoma virginica: a, female moth; l>, full-grown larva; c, light form of larva, not

quite mature; rf, cocoon; c, pupa—all slightly enlarged (original).

the first appearing about June, the second wintering over as pupa
and issuing in the spring. The moth is nocturnal and seldom seen

during the daytime.
REMEDIES.

Th(; caterpillars may be killed with the arsenites, and the best time

for tlieir destruction is just after they have hatched fioin the egix

clustci-s, wlu'u they ai-e feeding together. When more mature, their

lu'csence is indicated by tlie large holes they make in the leaves

of tlie plants wliicli th(>y infest, and they may then be picked ofif

from the un<l<'i- side of I lie leaves, where tiiey feed by i)reference, and

eruslied. Tlii.s means of i"e(lueing them may be employed with bene-

fit, as they are capable of doinL^ mm iinmense amount of injury in a

very shoi't time.

The Salt-marsh Caterpillar {Lnir<ircli(t <irrn'ii Dm.).—A larva

very similiir to the above, and known as (he salt-marsh eateri)illar

from its r;iv;iges in forag«' crops grown in the salt marshes of tlie

New England States, issouietimes injurious to peas and beans. It is
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amenable at such times to the same remedies as advised against the

yellow bear.

The Bean Leaf-roller (Eudamufi profeua Linn).—A caterpillar

known as the bean leaf-i-oller or " roller-worm " is injurious in the

Gulf States to leguminous plants, particularly beans, as also cultivated
" beggarweed. " It is the larva of a butterfly called the swallow-

tailed skipper. The ground color of the larva is yellowish, its head
being darkei- and marked with two orange spots near the mandibles.

The head is prominent and separated from the body by the narrow

neck, a character which will serve to distinguish it from any other

common caterpillar on garden crops.

This caterpillar may be successfully controlled l)y a spraying with

Paris green on its first appearance.

PLANT-LICE, PLANT-BUGS, AND LEAF-HOPPERS.

Several species of i)lant-lice, plant-bugs, and leaf-hoppers weaken
the vitality of j)ea, cowpea, and bean plants by sucking their juices.

Flo. S2.—Halticnx ithleri: n, brachypterous female: 6, full-winBed female; r. male; d, head of

male in outliuu—«, 0, c much enlarged, d more enlarged (author's illustration t.

Of the plant-lice, ApJii.'^ (l^^^^llP'i <^lov., A. rumicis Linn., and SipJio-

iwphora erigeronensis Thos. (?) have been the most al)nndant forms
on these legumes in the neighborhood of the District of Columbia in

recent years.

Of the leaf-hoppers 1 liiit iufcsi i hcsc plaiils, A'///^/<'".s'(/ t'liJui Han-.
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lias loiiii' bcoii know 11 as iiijuiious to beans. Two related species, E.
malt Lol>. and E. fhtrescens Fab., have recently been observed to

have similar liabits.

The plant-bug best known as an enemy of beans is Halticus uhleri

Giard (fij;. H2), which lias been reported asdoingdamagein Kansas and
Ohio, livingingreat numbers on the undersides of the leaves, jjunctur-

ing them so as to cause the death of the tissues in small irregular wliite

patches. This same species was quite injurious on hothouse chrys-

anthemums in the city of Washington recently, and somewhat trouble-

some on beans in Maryland in the vicinity of "Washington. This insect

in its brachypterous or short-winged form greatly resembles the black

flea-beetle of the genus Epitrix, alike in ai)pearauce, in the nature of

its work, and in its saltatory power. It may be called the garden flea-

hopper.

The standard remedy for plant-lice, leaf-hoppers, and plant-bugs is

kerosene emulsion, and, as the pea- and bean-infesting species feed

chiefly on the under sides of the leaves of these i^lauts, an underspray-

ing is necessary.
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By Albert F. Woods,

Acting Chief of Division of Vegetable Physiology and /'(itholoyy

INTRODUCTION.

It will be readily undei-stood by those who have read the paper on

the work of the Division of Vegetable Physiology and Pathology in llio

Yearbool< for 1807 that most of the problems investigat(;d by the Divi-

sion require years for complete mastery. Much of the work done and
advance made during the j'ear were necessarily of a technical nature.

This is particularly true of the work of plant breeding, where the prob-

lems of heredity and changes produced by crossing and intercro.ssing

must be carefully worked out and understood. Hybrids must be nmde
in large numbers, selected, crossed, and intercrossed for several years

before the desired result is obtained. In the case of diseases, the life

history of parasites causing them and the physiological relations of

these parasites to their hosts must be studied until throughly known
and understood. It is upon this knowledge that all preventive meas-

ures and treatments are based and the conditions for the greatest

produ(itiveness and value of a crop determined. The method of treat-

ing a disease recommended one year may be materially changed the

next in favor of a cheaper or more effective remedy' suggested by the

discovery of some new fact. The work is not completed until the

method is known by which the cost and labor of producing any crop

and ovei-coming its diseases are reduced to a minimum and the plants

are made to yield the largest profit. This paper must, however, be
limited to a brief presentation of the moi-e ])ract ical results of the

work of the year.

THE GRAIN SMUTS.

It is estimated that oat smut alone destroys each year in \ho I'liiicd

States over $1 8,000,OOU wortli of grain. The other grains, especially

wheat, rye, and barley, ahso suffer severely from smut diseases;

the amount, however, has not been estimated. A careful review of

all the work done on this subject up to the present time was made
during the year. As the different kinds of smut require different

treatment, each kind was carefully described and illustrated, so tlial

it can be distinguished by the farmer, and the latest and best meth-

ods of preventing it given. The results were published in I'\inri«Ms'

Bulletin No. 75.
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THE GRAIN RUSTS.

The aggregate loss to the United States from grain rusts is esti-

mated to be greater than from all other diseases of these crops. A
three years' test for rust resistance of ovei- nine hundred good varieties

of wheat obtained from every wheat country of importance in the

world was closed during 1897. The results showed more conclusively

than ever before that varieties from southern and eastern Russia are by

far the best adapted to the greater portion of the wheat regions of the

United States. They are the most resistant to drought and cold, and,

on the whole, to rust also; are more certain in yield, though not

yielding heavily, and produce a very high quality of grain.

The principal varieties found to be the most resistant to orange leaf

rust in any part of the country, if sown in good time, are the winter

wheats Turkey, Mennonite, Pringles No. 5, Rieti, and Odessa, and the

spring wheats, Ilaynes Blue Stem and Saskatchewan Fife.

Durum and Poulard Avheats are very resistant to' leaf rust, but so

far have been used chiefly for macaroni. A few of the most impor-

tant of these wheats are Arnautka, Taganrog, Belotourka, Medeah,

and Hj'brid de Galland. The work has made clear the extremely im-

portant point that the leaf rusts, which have been the ones mainly

studied hitherto, are not nearly so destructive as the black stem

rusts of wheat and oats. More attention must therefore be given to

these latter forms. In addition to confirming still further that the

orange leaf rust of wheat {Puccinia ruh'ujo-vera iritici) lives over

winter in this country in the uredo, or summer stage, the same has

now been proved true of the corresponding form on rye (P. ruhigo-vera

secalis). The spoi-es start first on self-sown grain, and from this the

regular fall-sown crop may be infected. All farms should therefore

be kept constantly free from self-sown wheat and rye.

The black stem rust of wheat occui's also on Hordeum jubaiuni

(squirrel-tail grass), but does not winter its uredo in this country so

far as known. We have proved beyond doubt now that Dactyl is

glomerafa (orchard grass) and Arrhenatherum elatius (oat grass) act

as hosts of the black .stem rust of oats (P. gmmin is arena'). Oats

may therefore be readily infected with this destructive rust by being

sown near these two grasses; other grasses are strongly suspected.

'IMie rusts of Agro.shs alba riHgaris (i-cdtop) and several species of

Elymus and Agropyrum are not e(iuivalent to any of the cereal rusts,

as has been supposed. For the first f i>ne in America it has been proved

that the ^Ecidiuni, or cluster-cup rusl, of Rliamnus (buckthorn), in

this case R. hniccolaki, is counccled with tlu' crown rusl {Piiccitiia

rornnahi) of oats and of Pluilaris ((iroliiiiana (Carolina canary grass).

A full p?-esentation of the work will shortly be published.
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BLACK ROT OP CABBAGE.

One of the most important diseases of trnck and garden crops stud-

ied during the j^ear was tlie black rot of cabbage. The disease

also attacks turnips, caulifk>vvers, wild mustards, and other related

plants. With caV)bage it causes dwarfing, one-sided growth of the

heads, or the entire absence of heads. The leaves turn yellow from

the edges inward and finally fall off. The woody layer of the stem is

black or brown. The trouble was found to be due to a yellow bac^te-

rium, which gains entrance to the tissues of the i>lant niainl}- through

the water pores on the edges of the leaves or through injuries pro-

duced by insects. The disease has been found doing serious damage
in many of the important cabbage-growing districts of the Eastern

and Central States and as far west as Iowa and Nebraska. Its known
distribution now includes sixteen States, and it will likely be found

in many more. Where the ilisease has a start the loss is from oO to 75

per cent of the crop. Losses from this cause around Racine, Wis. , alone

during the last three years have been estimated at over §100,000.

The disease is spread mainly by transplanting plants from soils con-

taminated with the germ to new soils, which in turn become infected,

and to some extent also by leaf-eating insects and slugs.

The best preventive measures that can at present be suggested

are to avoid planting on land where the disease has appeared, and
to use especial caution in regard to the seed bed. Avoid the use of

manures contaminated with cabbage refuse, and keep up constant

warfare against the cabbage butterfly and the harlequin cabbage bug.

A full description of the disease and preventive measures were i)ub-

lished in Farmers' Bulletin No. 68.

VARIOUS IMPORTANT DISEASES.

On the Pacific coast a new and destructive disease of bulbs was
investigated, its bacterial nature established, the mode of infection

leaj'ned, and a practical means of prevention recommended. A new
bacterial disease of walnuts, the cause and treatment of which have
been worked out within the past two years, has been under investi-

gation in both the laboratory and field. Several new facts of impor-

tance were learned, such as the common way in which the organism

causing the disease passes the winter, the manner of rapid spring

infection of the trees, and the chemical action of the germ upon the

tissues.

Much additional work has been done on ajiple canker ami peach

leaf curl, two of the most serious diseases affecting these fruits. The
methods of treatment recommended have proved highly successful,

and when put into general use will save several millions of dollars

annually to the growers of these crops. An obscure disease causing

the death of buds and twigs of Japan plum, and thought to be a

physiological trouble, was finally traced to a peach bud mite. A
circular on the subject has been pi(>[)ared and will be publishetl in
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cooperation with the Division of Entomolog5^ Two kinds of root rot of

peach and plnm were fonnd to be doing serions damage in the South.

During the woi-k on sooty mold, a fungous disease of tlie orange

and lemon which follows attacks of the mealy wing, or white fly, it was
discovered that the mealy wings are themselves affected by two fungous

diseases. Experiments made during the year have proved that the

diseases of the mealy wing can be spread artificially, and may thus be

nsed as a means of combating this much-dreaded pest. Experiments

in spreading these friendl}' fungi will be can-ied on in cooperation

with the Division of Entomology.

Among greenhouse crops the leaf-spot disease of violets was care-

fully worked out and proved to be due to a fungus, a new species of

Alternaria. The best means of XJi'eventing the disease were found to

be rigid selection of vigorous stock for planting, careful attention to

cultivation and Avatering, and avoiding the use of tobacco for fumigat-

ing against insects, tobacco having been found to injure the leaves,

making them more susceptible to infiection by the fungus. In this

connection, a method of using h3drocyanic-acid gas for fumigating

violets and a number of other greenhouse crops was carefully worked

out, and the results will appear in a circular to be issued by the

Di%ision of Entomolog3\ It causes no injury to the leaves or flowers,

and thus reduces to a minimum the danger of spot from fumigation.

In the selection experiments carried on in connection with this work

the productiveness of the plants has been raised 50 per cent, besides

making them more resistant to disease. A widely distributed disease

of carnations known as Bacteriosis, and hitherto supposed to be due to

bacteria, was thoroughly investigated, and it was found that bacteria

do not cause the disease, but that the plants react to the attacks

of aphides, thrips, and other insects. In such cases all the charac-

teristics of the malady in question are produced. The problem of

preventing this disease is thus greatlj^ simplified.

]Mu('h i)rogress has also been made in the study of other diseases of

violets, carnations, hyacinths, tomatoes, cucumbei's, and other forcing-

house crops.

PLANT BREEDING.

The year has marked a great advance in the work done in plant

breeding. Ai)ap<'ron "Ilybi-ids and their utilization in plant breed-

ing," published in Ww ^'earbook for IS'.I?, presents very clearly the

possibilities of great improvement in our cultivated plants by this

means. It is beginning to be i)retty generally understood that a great

many <liseases of plants ai«^ due to a lack of power on the part of the

latter to completely adapt themselves to their surroundings and nuiin-

tain a well-])alanced vigor and resistance to unfavorable conditions

and parasitic enemies. Tlu^ lack of comi)lete adaptation to surround-

ings is sometimes very slight, but nevertlu'less sulTicient to make the

dlfl"erence between a profitable and unprofitable crop.
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GRAPES.

The disease known as coulure, or falling of the flowers and young

fruit of the finest raisin grapes of California, is a good case in point.

An investigation of the disease showed that the dropping of the flowers

and fruit is due mainly to unfavorable climatic conditions at or about

tlie time when the first crop of grapes is in bloom. The varieties most

susceptible are the Muscat of Alexandria and Muscatel (4ordo Blanco,

the finest and most liighlj'- prized raisin grapes in existence. Although

they are tender varieties, they do well in California except for this

disease. As a result of investigations it was ascertained that if the

first bloom could be delayed until the weather became fine or if the

plants were protected from cold or unfavorable atmospheric changes

the injury would not occur. The problem, then, was to delay the

flowering of the vines or increase their hardiness, so that they might

escape the bad weather at flowering time or be able to stand it with-

out injury. To overcome this weakness the two varieties mentioned

have been crossed with Malaga, an exceedingly thrifty grower, very

hardy, resistant to disease, and an excellent raisin grape, though not

equal to the Muscat or Muscatel Gordo Blanco. About twenty thou-

sand crosses were made. The new seedlings are now several years

old. When they come to maturity those having the hardiness of the

Malaga and the fruiting qualities of the finer vaineties will be selected.

In this way it is believed that coulure and a number of other diseases

due to the lack of hardiness can be overcome, and many millions of

dollars saved annually to the grape growers of the Pacific coast.

HARDY ORANGES.

A similar problem to the one just discussed, and one of the greatest

importance to citrus culture, is to secure a hardj^ orange that will

successfully resist the severe freezes that cause such great destruction

in Florida, California, and Louisiana. The experiments so far made,

especiall}^ during the jmst year, show conclusivel}' that the common
orange may be successfully hybridized with the so-called tii foliate

orange, a hardy sort, of poor quality, which can be grown as far

north as Philadelphia. About one hundred and fifty of these Inbrids

have been produced and are now growing in the greenhouses of the

Department. Many of them show by their foliage that tliey are inter-

mediate in character between their parents. The results wliicli have

been obtained with other fruits by similar means justify the conclu-

sion that it is possible, l)y making a sufficient number of crosses, to

obtain a variety having to a large degree the fruit characters of the

common oi-ange and the hardiness of the trifoliate. The same method
may also be successful in obtaining liai'dy varieties of the lemt)n,

lime, and other subti-opical fruits.

Another important i)roblem in citrus culture wliich has received

attention during the i)ast yonv is to secure a common orange of good
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quality with the loose, easily removable rind of the tangerine orange,

and also to secure sorts resistant to blight and othei- diseases.

From the crosses made in 1893 sixty-four hybrid orange trees are

now growing in south Florida. Buds of each have been inserted on

mature trees, and will probably fruit next yeai'. Crosses made in

18U7 have yielded eight hundred and eighty-three hybrid trees, now
growing in the Department greenhouses. In the spring of 1898 four

hundred and ninety-seven more citrus crosses were made.

PINEAPPLES.

One of the most important problems in j^ineapple culture is to

secure sorts with large fruits, of good quality and good shippers, and

resistant to disease, especially jiineapple blight. With this in view,

six hundred and ninety-three crosses were made last year. The seeds

obtained from these gave two liundred and lifty-nine seedlings, most

of them of remarkable vigor. The}^ are now growing in the Depart-

ment greenhouses. Four hundred and sixty-five more crosses were

made this spring.
PEARS.

In pear growing it is very important to obtain sorts preserving the

great vegetative vigor and disease resistance of the Oriental with

the high quality of fruit of the European varieties. One hundred
and sixteen crosses have been made with this in view, resulting in

fiftj^-three fruits, from which a large number of seedlings is expected.

WHEAT.

Similar lines of work are also under way in breeding wheats for

resistance to rust, for gi-eater productiveness, and for other desirable

qualities. The remarkal)le results obtained abroad with cereals sug-

gest the great improvements that may be confidently expected from
careful breeding.

It is not possible to present in this paper the work accomplished

in the ])reeding and selection expei-iments witli a number of other

crops. Sufficient has been given, lu)wever, to show the uature of tlie

work and the promise it gives of securing fruits and grains of high

quality and productiveness, resistant to disease, luirdier, and better

adaj)ted to the conditions under which they must be cultivated.

'I'liat these expectations anMvell louiHled is shown by the remarkable

results aheady obtained where careful work has been done. Many
experiment station workers and others have entered into active coop-

eration with the Division along these lines, and siieli uiiiled elTort

sliould result in great ly iiu-reasing 1 lie \alue and produci i\cuess of

our agricultural crops.



MILLETS.

By Thomas A. Williams,

Assistant in Division of Agrostology.

INTRODUCTION.

The term "millet " is used in a general way to designate certain cereal

and forage grasses, the seeds of which are usually small as compared

with other cereals, such as oats, wheat, and barley. In some parts of

the world certain of the sorghums are included under this name, while

in this country several grasses of quite different character are locally

called millets.

Millets are important both as forage plants and as a source of food

for man. In nearly all parts of the world they take a prominent

place among forage crops, ^vnd it is estimated that they feed about

one-third of the inhabitants of the globe. Between .3.5,000,000 and

40,000,000 acres of millets are grown annually in India, and Japan

alone uses about .35,000,000 bushels of seed each year for human food.

Corea, China, and other Asiatic countries also use enormous quanti-

ties for this purpose.

PIPAGE OF MILLETS ON THE FARM.

On the whole, it is doubtful if there are many secti<ms in this coun-

try where millets should be made a primary crop. Their place is

rather that of a supplementary one—a "catch crop," when the corn

has been "hailed out;" a substitute for corn where tluit crop is not

easily grown ; a crop to be grown on a piece of land that might other-

wise lie idle; a readil}^ available crop for use in short rotations; an

excellent thing to grow on foul land to get rid of weeds, giving prac-

tically the same results as fallowing, or summer cultivation, and in

addition a crop of forage; a supplement to the regular or permanent

pastures and meadows. It is in such ways that the millets are most

valuable on the average farm, and such is the place they should be

given in American agriculture.

GROUPS OF THE CULTIVATED VARIETIES.

In this paper the discussion is limited principally to varieties of

recognized merit already on the market, leaving new and untried sorts

until such a time as experimentation will have demonstrated their

value for general cultivation. It is not desirable to consider at length

the relative merits of the various trade names used by seedsmen in

267
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placing their millets on llie market. As far as possible these names
have been grouped as synonyms nnder the most generally accepted

titles of the various stan<lard varieties.

But little has been done in the really scientific development of varie-

ties. In a few instances careful selection has been practiced, ]>utasa

rule the so-called new varieties on the market are only local vaiiations

of well-known sorts. During recent years a number of the experi-

ment stations have been paying special attention to the introduction

and testing of foreign millets, and the Department of Agriculture has

distributed seed of a number of foreign sorts to the various State

experiment stations and to private individuals in different parts of the

countrj'. Out of the many kinds thus introduced and tested some
are giving promise of value for cultivation, and there is no doubt

that others could be crossed with some of the standard varieties in

such a manner as to materially increase their value.

With one or two exceptions the millets grown in the United States

belong to the genera Chfctochloa and Panicum, and may be arranged

into three groups. In the first group are those belonging to the genus
Cli?etochloa (formerly Setaria), with a Compact, bristly, foxtail-like

head, closely related botanical.ly to the common foxtail grasses of the

fields and waste places; this group, which may be termed the foxtail

millets, includes such varieties as Common Millet, Hungarian, and
others originating from the various species of Cha^tochloa, chiefly

C. italica and its var. gervianica. A second group is composed of

varieties derived from the common barnyard grass {Paiiinn)! crus-

(j(iUi) and its allies (P. colonum, P. frumentaceiuu, etc.), distinguished

by the dense paniculate heads so characteristic of barnyard grass;

although extensively cultivated in parts of the Old World, the mil-

lets of this group, which may be designated the barnyard millets,

have only recentl}^ come into prominence in American agi'iculture.

The third group compi'ises millets with bushj' heads, the seeds being

produced at the ends of the comparatively long branches; this group

includes the "common " millet of the Old World and the varieties

dei'ived from the same species {Panicum iiiiliareum), regarded by
many as the true millets, as they undoubtedly are in fact; in the

Unifc<l States they arc most generally known as the broom-corn mil-

lets, which title has l)een adopt'Ml in this paper.

Foxtail Millets,

ouioin and extent ok cultivation.

'I'lie foxtail Jiiiliets {(!h<i tochlon ifdlica and var. t/rrttxi n Ira) nvQ hy

far the most important gi'ou[) of millets grown in this country—i)rob-

ably in the whole world. There is a ditferencc of opinion as to the

nativity of tliis species. Some writers regard it as a native of south-

ern Kurope; but although it has been cnltivale<l IImm-c fi-om the

remotest jx'riod, there se<Mns to l)e no goo<l evidence of its being a
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native. Writers on Chinese economic plants give this as one of the

five plants sown each year by the Emperor in a public ceremony, in

accordance with the command given b}' Chin-nong, 2700 IJ. (". These

plants are all regarded by the (Chinese as natives of that country.

The species seems to occur in the wild state in Japan. De Candolle,

the leading authority on the "Origin of cultivated plants," after an

extended discussion of all the evidence obtainable, concludes as

follows

:

The sum of historic, philological, and botanical data makes me think that the

species existed before all cultivation, thousands of years ago, in China, Japan,

and the Indian archipelago. Its cultivation must have early spread toward the

West, since we know Sanskrit names, but it does not seem to have been known in

Syria, Arabia, and Greece, and it is probably through Russia and Austria that it

early arrived among the lake dwellers of the stone age in Switzerland.

According to Hackel, the common weedy grass known as Green

Foxtail {Chcetochloa viridis) is to be regarded as the probable original

form of the cultivated foxtail millets.

In some of their many varieties foxtail millets have long held an

important jjlace among the i)lants cultivated over large poi'tions of

Europe, Asia, Africa, and America. There is much doubt as to the

exact time and manner of the introduction of these millets into this

country. The opinion prevails that the variety known as Common
Millet was the first to be Introduced, probably near the close of the

last century. Hungarian grass was certainly- grown in this countr}'

as early as 1830, and was probably introduced' some time before that

date. Both the German and Japanese millets are of later introduction.

At the present time these millets are more or le.ss extensively grown

throughout temijel'ate Europe, a large part of India, China, Japan,

northern Africa, the United States, and Canada. In the United States

their cultivation is most general in the middle West, although the}*

are grown more or less throughout the country. In i)arts of the South

they are replaced to some extent by sorghum, while in the North the

broom-corn millets are sometimes grown in their stead, and of

recent yeai-s the barnyard millets are gaining favor in some sections.

Among the leading millet-growing States are Iowa, IVIissouri, Kansas,

Texas, Nebraska, the Dakotas, Minnesota, Illinois, and Tennessee.

In this country the foxtail millets are grown almost exclusively

for forage, but in othei" parts of the world they are used for Inunan

food; in early times, they were probably much more extensively

used for this purpose than at present. Seed of this species has been

found in siich abundance in the remains of Ihe lake dwellings of

Switzerland as to indicate that it was in common use during 1 he stone

age in central and southern Europe. Long before the Christian era,

at least as early as 2700 R. C, it formed one of the chief sources of

food in China," and is still extensively used for this purpose, not oidy

'Bui. 117, Mich. Agr. Exp. Sta., pp. 23, 24 (1894).
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ii) China, ])ut jilso in Corea, Japan, Ihe East Indies, and Trans-

C'aneasia. Chnrcli' says it is tji-own in India chiofly as an ''inlernie-

diato or subordinate" crop, and is largely used as liunian food in

certain parts of the country, lie furthei- says, "It is generally

regarded as nutritions and digestible, but in some places it is con-

sidered to be rather heating." It is usually prepared by parching or

boiling, and is eaten alone, or may be mixed with milk and sugar,

forming a mixture known among the natives as "sir." At the pres-

ent time it is widely grown for forage in foreign countries, i)articu-

larly in central Europe and in parts of India.

HABIT AND CONDITIONS OF GROWTH.

The foxtail millets delight in rich, warm, loamy soils, and will not

thi-ive in soils that are poor and thin. This is particularly the case

with the coarser varieties like German Millet. Common Millet and
Hungarian usually give better results under adverse conditions of soil

and climate than the other varieties commonly grown in this country.

The foxtail millets are strong, rapid growers, and draw nourishment

largely from the surface soil. The great mass of strong, fibrous roots

have a beneficial effect on the physical condition of the soil, particu-

larly in the case of lauds recently brought under the plow. A crop

of millet on new "breaking" aids materially in subduing the land

and in preparing it for the succeeding crop. In many localities,

notably in the West, millet is an excellent cro[) to precede corn. In

the South the foxtail millets ai'c regarded as well adapted to the

upland soils of the cotton regions, Common Millet being best for the

light soils and Gernum Millet for low, heavy soils.

The foxtail millets not only endure excessive heat and sunlight

well, but make very rapid growth if the supply of moisture is not too

limited. They are, however, very susceptible to cold, particulai'ly

when the i)lants are young. The length of time re(iuired to roach

maturity varies a great deal, according to the varietjMind the soil and
climatic conditions, the commonly grown varieties ordinarily being

ready to cut for hay in from fifty to eighty days from date of sowing,

and maturing seed in from ten to fifteen or twenty days later. Under
very favorable circumstances some of the varieties may be in condi-

tion to cut for forage within a month or six weeks from time of

seeding.
VARIETIES.

The various foxtail millets coiimioiily fouiid on the market in tlir

I'nitcd States may be grouped undei' the following standard varieties:

(1) Common M\\\i'\ {( 'iKclorhlod ihtlicd).

(2) German yWWei {Cli<i'tochlf)aitali('<i).

(3) (iolden Wonder Millet [CluvtorhJod ifniira).

(4) Hungarian Millet {(Jli<i'/oclilo(i ihilica var. (/enna'nica).

' Food Uraiuu ol India, p. J5.
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Several seed firms are also offering? "Japanese millets;" but differ-

ent sorts are offered under practically the same name, and sometimes

the seed sent out is api)arently only that of one of the common varie-

ties, so that it is scarcely i^ossible to make a suitable classificatitm at

the present time. The two Japanese sorts which have received wid-

est distribution are mentioned in the pages following in connection

with certain standard sorts with which they seem most closely asso-

ciated.

Seed of the Corean millets has not yet been placed on the general

market, but as some of the forms give promise of much value for cul-

tivation in this country they are given a place in this discussion.

Common Millet. (PI. XVI, fig. 1.)

Synonyms: Small Millet (Texas), Californian Millet (Salzer, Vilmoriii), Dakota
Millet (in part, of some seedsmen). Early Harvest Millet or Missouri Millet

(at least in part) , American Millet (in part).

Stems slender, several to many from the same root, nsually simple or iinbranclied,

about 3 feet in height; Jeaves of medium width (one-fourth to one-half inch),

rather soft; heads nodding, small to medium-sized (usually 8 to fi inches in

length), slender, composed of small subdivisions, which are compactly

arranged toward the tapering apex, but becopae loose below, giving the head

an irregular appearance at the base; beards of medium length, often tinged

with purple or brown at maturity; chaff pale or yellowish; ''seed" large,

yellow, oval.

Common Millet was one of the first varieties to be introduced and
to come into general cultivation in the United States, but there seems
to be no record of the exact date of its introduction. At the present

time it is the most widelj^ cultivated of the foxtail millets in this

country. It is the hardiest of the commonl}'^ grown varieties, endur-

ing drought the best and giving better returns on poor soils. By most
feeders the hay from this variet}' is preferred to that from others on
account of its finer quality, there being less loss in feeding it.

Although German JMillet will usually out-yield Common 3Iillet under
favorable conditions of soil and moisture, the latter will, one year

with another, afford more forage of a finer quality in most localities in

the Northern States.

Common Millet is one of the earliest of the foxtail millets, and is the

most constant in its characters. Although this variety seems to have
been long known in Europe, its cultivation is by no means so general

there as in the United States ; indeed, the variety seems to have reached

its perfection in this country, and is being taken back to the old coun-

try under sucli names as "American Millet," "Californian Millet"

(Moha Vert de Californie, Vilmorin), etc.

As a rule, seed sold in our markets under tlie name of (^)mmon
Millet is true to name. Occasionally seed of this variety is sold as

German Millet, and much of the " Dakota .Millet " is nothing but Com-
mon Millet, although most of it is probably an early strain of German
Millet, as stated elsewhere.
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IJysomt' Early Harvest or Missouri Millet (PI. X\'I, fig. 2) is rcjjcarded

as a (lisliiH't variety, mainly because of its earliness and short, com-

paet heads. Professor Crozier inclines to this opinion and regards

Iliinijarian as the probable ancestor, although the introducers claim

the variety to be a cross between Golden Wonder and Broom-corn

millets, which can scarcely be the case. Professor Chilcott regards

it as only a variation of Com-
mon Millet. Plants from seed

obtained under this name from

the introducers in 1807 are al-

most exactly like Common Mil-

let from the same source, and
plainlj' belong to that variety.

German Millet. (PI. XVI, fig. 3,

and PI. XVII, fig. 3: and fig. 83.

)

Synonyms: Southern Millet. Ameri-

can Millet (in part). Golden
Millet, Mammoth Millet, Bengal

Grass, Dakota Millet (for the

most part )

.

Stems robust, usually single, un-

branched, often reaching 4 or 5

feet ill height; leaves broad,

rather stiff and liarsh; heads

large (about 6 to 8 inches long

by an incli or more wide), usu-

ally nodding, the subdivisions

hardly as conspicuous as in

Golden Wonder Millet and more
closely crowded, rounded at the

ends or tapering somewhat,

particularly toward the ba-<e:

beards conspicuous, usually

with a purplish tinge: "'seed"

small, rounded, yellow or gol-

den.

This variety has been in gen-

eral cultivation in the South

since the early seventies, but

was introduced into the United States many years earlier. Professor

Crozier regards the East Indies as the most probable .source of its int ro-

duction into the United States, and remarks that "the name Hengal

(ira.ss, ])y which it was first known in this country, .suggesis such an

origin." Flint, on the contrary, makes the slalemenl that it was lirst

brought 1<. tbe United States from Kiiropc However this may be, it

seems that the se<'d u.s«m1 in 'I'eunessee, wheie tliis variety first came

into real proiniiu-iice, was brought from France in the early sixties,

and since thai lime lliis has l)een the leading millet sown in the South.

^v^

Fio. ^'^.—Gormau Millet: n anil h, two views of the

si>ikelot with its cluster of three "beards;" i\

"seed."
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German Millet makes a heavy yield of foraj^c under favorable con-

ditions, but does not stand drought as well as the smaller varieties,

such as Common Millet and Hungarian. The hay is coarser and less

highly valued than that from the smaller millets, but when the forage

can be fed in the green state this will be found to be an excellent

variety to grow, on account of the heavy yield.

German Millet is the latest of the varieties commonly grown here,

and is exceedingly variable in its appearance and habit of growth.

It is very seldom that one sees a field that is uniform in character.

Many, perhaps most, of the heads may be typical of the variety, but

usually there will be many others scarcely to be distinguished from

Common Millet or other standard varieties. Typical German Millet

brought from the South soon becomes very much modified when
grown in the North. Thus, in a northern strain of German Millet

sold as "Dakota Millet" or "Dakota-grown German Millet" the

"seed" is larger and more oval in shape than in the typical southern

form; the plants are earlier and hardier, and the yield of forage is

usually better, at least in northern localities.

Some of the so-called Japanese millets now on the market belong to

the German Millet type, as, for example, "Breck's Japanese Millet,"

which is scarcely distinguishable from the common southern German
Millet.

Golden Wonder Millet. (PI. XVI, fig. 4.)

Synonyms: Sometimes confused with the so-called Golden (German) millets.

Stems robust, usually single, imbranched, sometimes reaching 5 or fe. t in

height; leaves broad and coarse but of rather soft texture; heads large (0 to

14 inches long and one-half to 1| inches wide), drooping, with large, closely

flowered subdivisions, tapering at both ends, but more conspicuously above;

beards inconspicuous; chaff yellowish, rarely purplish; "seed" small, yellow-

isli, rounded. Plant pale green in color, the head becoming yellow or some-

times purplish as it approaches maturity.

According to Professor Crozier,^ "this variety originated in Minne-

sota in 1884 and was first offered to the public four years later." Its

introducers claimed it to be "an artificial cross produced by one of

their growers between Hungarian grass and German Millet." It

shows undoubted relationship to German Millet in its large head,

coarse leaves, and robust, simple stems, but there is no evidence of

Hungarian parentage in any of its prominent characters. While

such a cross is no doubt possible, it would seem that Hungarian char-

acters would enter more strongly into those of the olTspring.

In yield of seed Golden Wonder leads all the other varieties of fox-

tail millets. The forage is coarse, like that from German Millet, and

the yield heavy uiider favorable conditions, but Golden Wonder is

even more susceptible to drought than German Millet, and is thei-e-

fore less generally grown than an}^ other of the well-established

'Bui. 117, Mich. Agr. E.xp. Sta., p. 41 (1894).
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varieties. At the present time it is most extensively cultivated in the

States along the upper Mississippi and lower Missouri valleys. Much
of the seed sold under this title is untrue to name. German Millet is

perhai)s oftener sold as Golden Wonder than any other variety.

There is an Italian variety of millet sold by Vilmorin, of Paris,

which is very much like Golden Wonder in size, appearance, and
time of ripening, and also a Japanese variety sold by Gregory & Son
which is perhaps scarcely to be distinguished from it, although when
grown under similar conditions the heads of the Japanese form are

usually i-ather smaller and more symmetrical, more closely flowered,

and the "seeds" are rounder and of a deeper yellow.

Hungarian Millet. (PI. XVI, fig. 5.)

Synonyms: Hungarian Honey, Hungarian Grass, German Millet (in the Old
World and in small part in this country).

Stems rather slender, clustered, branching, 3 to 4 feet high; leaves abundant,

rather narrow, upright, typically bright green; heads erect or nodding slightly

at maturity, small to medium sized (3 to G inches long), compactly flowered,

tapering quite regularly at both ends; beards prominent, usually purplish or

brownish; chaff tinged more or less with purple; "seed" large, oval, varying

from yellowish to purple brown, and variously mottled. In the more typical

plants the percentage of dark teed is high. There is an opinion prevailing

among seedsmen and others that dark-colored seed is more likely to be better

matured than the lighter colored and that it will develop into stronger plants.

Hungarian seems to have been first brought into the United States

soon after the introduction of Common Millet. According to Profes-

sor Crozier,' the time of its (Hungarian) first introduction into the

United States is unknown, but as early as 1830, and j)robably much
earlier, it was in cultivation here. It did not gain much prominence

as a forage crop, however, until about 1855-50, or a couple of years

after the seed was introduced from France and distributed by the

Patent Office. It was sent out under the name of "Molia <lo Ilon-

grie," which had been given to it by the French, and our own com-

mon ^lames of Hungarian Grass and Hungarian Millet probably came
from that.

This millet fii*st came into general cultivation in the Middle West.

In Iowa it won favor at once, and as early as 1850 was a most valuable

forage crop, particularly on recently broken land. At the i)re8ent

time it is more widely grown in the North than in the South. By
most farmers it is placed next to Common Millet as a hay crop, the

quality being regarded as ])otter than (i«»rman .Alillet.

Hungarian does not resist drought as well as Common Millet, but

with favorable conditions of soil and moisture it will usually give a

somewhat heavi<'r yield. One reason why Himgarian has not found

more favor with farmers generally is that it shows a greater tendencj'

than otlter common varieties to persist in the soil when allowed to

'Bnl. 117. Mich. Agr. Exp. Sta.. p. 56 (1894).
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mature seed before luirvesting. In iiortions of llio Missouri Valley
region, as in eastern Nebraska and Iowa, this millet received a great

deal of attention from farmers during the seventies, and fine crops of

hay and seed were obtained, but its tendency to "volunteer" brought
it into more or less disfavor, and it is now less commonly grown than
either Common Millet or German Millet. It seldom becomes ti-ouble-

some, however, except on light, sandy soils or land recently brought
into cultivation. On moist, heavy soils or in regions where there is a
great deal of wet weather during the fall and winter months it is not
likely to make much volunteer growth.

A millet has been recently i)laced on the market by a Northwestern
seed firm under the name of "New Siberian Millet" (PI. XVII, fig. 1),

which, although regarded by some as but a form of Hungarian, seems
to possess characters which, if constant, will entitle it to rank as a
distinct cultivated variety. At the South Dakota experiment station

it was regarded as the best millet grown during the season of 1897.

The plants are larger than Common Millet, with a habit of growth,
l)eard, and chafl; much like Hungarian; heads drooping, larger than
in either Common Millet or Hungarian, tapering at both ends, with
rather conspicuous, closely flowered subdivisions; "seed" of about
the same size and shape as Common Millet and Hungarian, orange
colored.

Japanese Foxtail Millets. (PI. XVI, fig. 6.)

Under the name of "Japanese Millet" several different kinds of

foxtail millets are being grown in various parts of the countr}'. Some
of these are apparently identical with varieties already gi-own in this

country, and others are so closely allied that further study is neces-

sary before they can be given a place either as distinct varieties or

as forms of better known sorts. As illustrating this point, such cases

may be cited as " Brcck's Japanese Millet," mentioned under the dis-

cussion of German Millet, and Gregory's "Japanese Millet," noted
under the head of Golden Wonder JMillet. Several sorts imported
from Japan by Professor Brooks seem more distinct as cultivated

varieties, and will no doubt soon be given appropriate trade names.
As a rule these Japanese millets are comparatively largo forms,

giving heavy yields of seed or forage under favorable conditions, but
with little ability to withstand drought, succumbing quicker than
any of the commonly grown sorts. Some of them, liowever, liave

given good results in certain localities, and it is not unlikely that they

may ultimately prove to be desirable for general cultivation, or valu-

able sorts maj' bo developed from them by selection and crossing.

Corean Foxtail Millets.

Several millets rccentl}' introduced from Corea have been grown at

some of the State experiment stations and on the experimental

grounds of the Department of Agriculture at AVashington, D. C.

These varieties are seemingly quite different fiom those ali-eady
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•jrrowii ill this count rv, and deserve furtlier experimentation. Two
of the varieties seem particularly hardy in the District of Columbia.

Both have clustered, branching stems. In one (fig. S-t) the head is

slender, nearly cylindrical, erect or somewhat nodding; beards very

long and conspicuous; chaff green or purplish; "seed" green or pur-

pli.sh, Avitli quite conspicuous transverse wrinkles, rather pointed at

the ends, medium sized. In the other the head is larger, quite erect

at first, but nodding slightly after a time, conspicuously bearded,

tapering at each end, com-

posed of narrow, rather con-

spicuous subdivisions; chaff

green or jiurple; "seed'

much as in the preceding,

but less often dark color-

ed, and possibly averag-

ing narrower and slightly

smallei'.

Both these varieties " vol-

unteer" quite readily, the

larger perhaps showing the

greater tendency to do so.

Barnyard Millets.

origin and extent ol' culti-

VATION.

The term '• Barnyard Mil-

let" was first applied to

the cultivated varieties of

the cosmopolitan barnyard

'grass (Pduicinn rnis-(jaUi)

by Prof. AV. P. Brooks iu

1890.^ In the present paper

the application has been ex-

tended so as to include not

on ly all t lie varieties derived

from PcmicuDi cniti-yalli but

alsothose belonging to P«?>/-

cuin colo)!!)))), P. frumenta-

ceum, and other species of

Panicuni wilh the same type of inflorescence and habit of growth.

'J'he ti-ue barnyard grass is very widely distributed and varies

exceedingly iu its botanical characters. It oi-curs throughout the

United States in fields and waste places, usually as a coarse-growing

plant, with broad leaves and widely spreading stems, producing large

irregular "heads" of flowers and seeds. There is inucli variation

FiO. 84.—Corean Foxtail Millet.

'Eighth Ann. Rep. Mass. (Hatch) Agr. Exp. Sta., p. 31.
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in the habit of growtli, however, some of the forms having upright

steins which branch but little. There is also luuoli variatifin in the

color of the "heads" and in the bearded characfer of the chaff

(glumes), the color vaiying from green to purple-brown and the glumes
strongly bearded or with the beards nearly or quite wanting (var.

mnticiDii).

In many parts of the Old World barnyard grass is not only grown
for forage but also as food for man. Thus, in India, under the name
of "bharti," it is grown as a forage crop and is also often harvested

as a grain, the seed being used as food l)y the poorer classes in the

same way as that of "Shama" Millet {Panicum colonum) and of

"Sanwa" Millet (P. frumentaceum), both of which are extensively

grown for this purpose in parts of Asia. Speaking of the cultivation

of Panicum frumentaceum in Japan, where it is known as ''Hie,"

Professor Georgeson says "this is a very common crop in all parts of

Japan, especially in the hilly districts, where there is no suitable rice

land, or where water is not av^ailable for irrigation. It is gi'own

entirely for its seed, which when thrashed out and cleaned is ground
and used for food, being eaten mostly as a porridge." ^

VARIETIES.

True Barnyard Millets. (PI. XVII, fig. 2; and fig. 85.)

These are undoubtedly the most valuable varieties of this group for

cultivation in this countrj'. The varieties that give best results under
cultivation are those with upright habit of growth, a close "head,"
and a tendency to produce a large quantity of leaves. Of the varieties

at present grown in the United States, one of the recently imi)ort€d

Japanese sorts is probably the most promising. It is a coarse-growing

form with a heavy leafage and compact beardless heads (PI. XVII,
fig. 2). This variety has been thoroughly tested bj' Professor Brooks
at the Massachusetts experiment station, and is highly recommended
by hiin as a forage crop. It matures a crop of hay in about two and
one-half months.

There are several valuable varieties in various parts of our own
country, the most notable being those found in j)rairie regions of the

West and Northwest and the "Ankee" grass (fig. 85) of the Southwest.

In the artesian-well region of the Dakotas there are wild forms of

barnyard grass that seem particular!}- well adapted to the conditions

that prevail in the vicinity of the flowing wells, especially where the

soil has been watered too freeh'. In many places considerable areas

about the i)onds and along the ditches are covered each season with a"

growth from 3 to 6 feet high. Similar areas may be seen elsewhere in

the West and Northwest in irrigated regions, and they are yearly

becoming more common. In the Southwestern part of the United

• Bui. 117, Mich. Agr. Exp. Sta., p. 47.
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States there is a large, tlirifty form of this grass, which makes a verj'

fine growth in lowlands and swampy places during the wet season.

It is known to the Mohave Indians as "Ankoe," and its seed is said

to be extensiveh' used by them as food.

On the experimental grounds of the Dejiartment of Agriculture at

Washington, D. C, "Ankee" makes a magnificent growth, reaching

a height of 7 feet or more and maintaining a very characteristic upright

habit of growth. It has also made luxruriant growth on the grounds of

the station at Knoxville, Tenn., and at the Cornell, New York, Massa-
chusetts (Hatch), and ]\Iichi-

gan stations. It is one of the

most promising of the inland

forms of the species, and should
be given an extended trial,

particularly in sections where
high temperatures prevail.

Professor Brooks, of the

Massachusetts station, consid-

ers "Aukee" inferior to Japa-

nese Barnj^ard Millet for a fod-

der crop for that locality on

account of its lateness and
the coarseness of the forage.

"Ankee " grass is considerably

later than the common forms

of the species. Professor

Brooks reported that plants

from seed sown on May 4 failed

to reach maturity, and at the

Michigan station the same was
found to be true of plants sown
on May 20. This variety re-

([uircs four months or more to

mature seed.

In addition to the above-

mentioned inland forms, there

are coastal forms growing in

brackish marshes and mead-

ows along the seacoast, possessing much value for forage. One of

these is quite different in appearance from all other forms of barn-

yard grass, and is probal)ly specifically distinct. The lower leaf

sheaths are very hairy and the "heads" are conspicuously bearded.

The plants all^'iin a height of from 3 to G feet. This grass juay well

be given a trial on saline soil in inland regions.

Barnyard .Millet docs not endure drouglit well, being more suscep-

tible than the common sorts, and it can not bo profitably grown on

Fifj. 8.5.—"Ankoo " Millet: a and h, two views of the

splkelet; r and d, two views of the "seed."
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poor soils. On tlio ricli pi-airies of tlic AVest iin(\ Northwest heavy
yields may l)c obtaiiiefl wliere the supply of moistiiro is sufficient, as

when under irrigation. It seems to thrive better on tlie alkali soil so

common in some parts of the West than either Common or German
Millet. In some parls of the South, pai-tieulai-ly in Iho hiwer Missis-

sippi Valley, it makes a fine

yield of hay, sometimes af-

fording two cuttings a season,

and, although an annual, it

continues to occupy the land

year after year through the

great readiness with which it

re.seeds itself. In these locali-

ties it furnishes a large pro-

portion of the volunteer hay

crop and is also used for

soiling.

Undei" average conditions

of moisture and fertilit}' of

the soil, Barnyaul Millet is

one of the most productive of

the annual hay grasses. At
the Massachusetts (Hatch)

experiment station Professor

Brooks has obtained a jield

of 12 to 18 tons of fresh or 4

to G tons of cured forage per

acre. He finds that under the

conditions prevailing for the

I)ast few years this millet has

out5nelded all others grown
on the station grounds. He
suggests that l)y seeding early

in May and cutting as soon as

the plants come into bloom a fig.

second ci-op may bo obtaine<l

and the yield of forage per

acre be materially increased. The yield of seed from this millet com-

pares favoi-abl}'^ with that of other varieties, usually ranging from 40

to 00 bushels per acre. The seed is not as heavy as that of tlie broom-

corn»an<l foxtail millets, weighing but 35 pounds per bushel.

Shama Millet or Jungle Rice. (Fig. 86.)

Shama Millet {Panicum colonum) is a grass with much the appear-

ance of Barnyard ^Millet, but is smaller in ever}' way, with a simpler

inflorescence or "head." It is common in the tropieal and subtropical

Shama Millet: a, b, r, d, different views of

the spikelet aud glumes, or chaff; e. /, two \new3 of

the '"seed."
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regions of the Old World, Avhorc it is a native, and is widely intro-

duced into the other warm I'ogions of the globe. In the United States

it occurs chiefly in waste places along roadsides and ditches, mostly in

the South. It is quite abundant in parts of the Southwest and also

in Mexico.

In India Shama Millet is one of the most valuable forage crops, and
the seeds are used for human food. According to Church ^ "this millet

is a poor food; it is used in some places by a considerable number of

laborers as a usual article of diet." Duthie^ says a food i^reparation

called "khir" is made by boiling the grain in milk, and is eaten by
the Hindoos on fast daj's. He also mentions another method of pre-

jjaring the seed in which it is ground and made into a paste and eaten

with milk. The seeds of this grass are also said to be used by the

Indians in Mexico and the Southwestern United States. In many of the

tropical regions it is regarded as a valuable forage plant, and is often

extensively grown for this purpose. Both Duthie and Church give it

a prominent place among the fodder-producing plants of India, in the

northern part of which it is in common use.

In the Southeastern United States this grass thrives on rich, moist

soil and, in places, affords considerable forage of .excellent quality,

but little effort has been made to cultivate it. Several attempts to

grow it in the North have met with poor success. At the Cornell

experiment station it made a fair showing, "resembling poor speci-

mens of Barnyard Millet, reaching about a foot in height."

Samca Millet.

Sanwa Millet { Panicum frumentaceuin) is very closely allied to the

true barnyard grass, and, like it, is a coarse-growing plant, under

favorable conditions yielding a large amount of herbage. Although

extensively grown in other i)ai-ts of Ihe world, notably in southern and

eastern Asia, but little attention has been given to it in the Tniled

States, and the few experiments made with it have not given encour-

aging results, except, perhaps, in the South. Professor Church,^

in speaking of the cultivation nnd value of this grass in India,

says "Sanwa is the quickest growing of all the millets; th<' hai--

vest may take i)lace within six weeks of the sowing. When il is

sown in April or IMay, it is cut in Juno and Jul}-; the June sowing

is ready in August," and, further, "Sanwa does not take a high place

among the millets. It is cither boiled as rice or boiled with milk and

eaten with sugar, or it is i)arched." The stems and leaves are used

for forage. In Japan the grass is said to nuike an excellent gi*»w1h

and afford largo yields, though it is not grown for forage to any

e.xtent.

' Food Grains of India, p. 50,

'Diet. Econ. Prod. Itid., 6(1)7.

^Food Grains of Induv, p. 49.
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The various attempts to gi-ow lliis millet in llu' I'liited States have

met with only limited success. At the Louisiana cxixM-iment station

it is rei)orted as doin.ii: " excellently," but its cult i vat i(ui does not seem

to have been undertaken to any great extent there. At the United

States grass station, Knoxville, Tenn., the millet has made a fairly

good showing. Plants from seed sown on Ma}' 7 reached a height of

3 feet by the middle of

July and matured seed by
August 23. The yield

and quality of forage was

good. It proved a failure

at the Kansas experi-

ment station owing to

the hot, dry summers.

Further experimentation

may prove it to be of

some value for some sec-

tions of the South.

Broom-corn Millets.

origin and extent of cul-
tivation.

In the United States the

term "Broom-corn Mil-

let " is at the present time

generally applied to this

Old-World grass {Pani-

cu7n niiliaceum, fig. 87).

It is the "common mil-

let" of Europe, where it

has been cultivated for

centuries. A "millet,"

regarded b}' most author-

ities as this species, is

mentioned by nearly all

the early writers on culti-

vated plants, such, for

example, asTheophrastus, Hippocrates, and others, and seems to have
been extensively used as a grain in remote times. According tolleer

it was much used by the Swiss lake dwellers of the stone age, and
De Candolle, on the authority of Regazzoni, says it has also been
found in the remains of the lake dwellings of the Vare.se in Italy.

The nativity of this milhjt is ver}' uncertain. Although it grows
spontaneously throughout southern p]urope and many parts of Asia
and Africa, there are apparently no really authentic cases of its hav-

ing been found in a wild state. All the early records speak of il as

Fio. 87.—Broom-corn Millet: u, /j.aud c, viewsof the spikolet

and plumes, or cliaflf; d and c, two views of the "seed."
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boins^ cultivated. Some writers, notably Liimseus, regard India as

tlio original liomo of this millet; but De Candolle does not consider

the records as at all conclusive and tliinks that ''its Egypto-Arabian

origin is very probable."

Church, in his "Food grains of India," says "it was early intro-

duced and is largely cultivated in many parts of India."

It is also extensively grown in China and Japan as well as through-

out southern Europe and elsewhere in the Mediterranean regions and

noi-th to central Europe. Although introduced into the United States

many years ago, it has never been extensiveh' grown over any large

extent of territory, and at the

present time is much less gener-

ally grown than the foxtail mil-

lets. It has not met with favor

in the South, but in the North-

west is valued highly because of

its al)ility to mature a crop of

seed in the short dry season so

often prevailing in that region,

thus serving to some extent as a

substitute for corn.

VARIETIES.

The different cultivated varie-

ties of Broom-corn Millet vary

more or less in habit of growth

and character of the panicle or

"head," but the chief distinc-

tion lies in the color assumed by
the mature seed. Three rather

dist inct types maybe recognized,

white, yellow, and red. These

may intergrade moi'e or less,

'i'he red sometimes becomes a

very dark brown or almost black,

and the "Millet noir ou gris" (black or gray millet) sold by Vilmorin,

of Paris, France, gets its dark-gray appearance through the seed being

marked with dark stripes on a lighter ground color.

The general color of the growing i)lant varies considerably in the

dilTerent vai-ieties. Plants from the yellow-seeded varieties are

usually light gi-ecn in color, while those from tlie red-seeded sorts are

more often tinged with red, usually in proportion as the seed is light

or dark red. Thus, plants of a very dark-red-seeded Japanese

varii'ty grown tln^ ])ast season maintained a decided reddish-purple

tinge throughout the entire period of growth, the color being most

pronounced in the young plants, fading oul as they became older, nnd

Fin. 8S.—Japanese Broom-coi n Millet.
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deepening again in the panicle as the plants approached maturity.

However, some of the white-seeded varieties may often become more
or less tinged, asjn the case of the variety sold as White French

Millet. IJy far the greater number of the varieties offt-rcd in tlie

market by seedsmen in this country and the varieties most widely

grown for forage belong to the group with yellowish seed. Such
varieties are the Manitoba, (-alifornian Beauty, French, Turkisli, and
Broom-corn, or Ilog millets. There seems to be little if any difXcrence

between these so-called varieties, either in appearance or value. Of
the white-seeded sorts the most frequently grown ar(3 " White Fi-ench,"

"Chinese," or "Chinese W^hite," and "Japanese White." The
white-seeded varieties seem to be more robust growers, as a usual

thing, than either the yellow or the red-seeded ones, the most pro-

ductive being the Japanese White. There are but two of the darker

or red-seeded varieties that have come into much prominence in this

country. They are the " Red French" and "Japanese Red" (fig. 88).

The large coarse-growing varieties are valual>le for soiling and may
be used advantageously in the silo where corn and the heavier-yielding

silage crops can not be successfully grown or when for any reason

these crops are destroyed. The forage does not appear to have the

laxative and diuretic action upon the animals eating it j)roduced by
the foxtail millets, and there are no harsh, irritating beards. How-
ever, objections have been made to it on account of the abundant
growth of stiff hairs on the leaves and stems. The yield of forage is,

on the average, less than may be obtained from the other millets, but
on account of the relativel}'^ short season required for its development
Bi'oom-corn Millet may often i^roduce a crop when the others would
not. The yield of seed is large in proportion to the size of the plant,

50 to 60 bushels per acre being frequently reported from the North-

west.

CULTURE OF MILLETS.

PREPARATION OF THE SOIL.

For this crop a fertile, mellow soil is preferable. Loams with but
little clay and not too much sand give the best results. Heavy clay

soils, require considerable working in order to get them into proper

condition. For spring sowing the land may be plowed in the same
manner and at about the same time, or perhaps a little later, as for a
crop of corn.

Millets drawtheir nourishment largely from the surface soil; hence,

the supply of plant food should be concentrated in the upper layers

of the soil and should be in forms readily available to the plant. If

the surface soil does not already contain sufticienl available })lant

food, this should be supplied in the form of barnyard manure or com-
mercial fertilizers; those containing large percentages of nitrogen,

phosphoric acid, and potash in readily available forms are most
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valuable. Among such are muriate of potash, ground bone, cotton-

seed meal, and tankage. The barnyard manure maj' be scattered on

the land and plowed under, but the othei-s had ^est be sown on the

land after it has been plowed and worked into the soil with a harrow.

The amount and the exact character of the fertilizer required will,

of course, depend upon the kind and condition of the soil. In most

instances a mixture of muriate of potash, nitrate of soda, and ground

bone or superphosphate will bo found beneficial, and on some soils

lime may be used to advantage. A light dressing of barnyard manure

supplemented by a light application of some such mixture as the

above will usually give good results in the East, while on the rich

prairies of the West little, if any, fertilizing will be found necessary.

In case the land is cloddy, as frequently happens when much clay is

present, the harrow or roller should be used to reduce the surface to

a smooth condition. This is necessary, because it is of prime impor-

tance that the seed bed should be in condition to insure prompt ger-

mination and an even development of the grass; it also facilitates the

harvesting operations.

In the West it is the common practice to delay the preparation of

the land for millet until near the close of corn planting. This allows

the first growth of weeds to get well started, and the thorough plow-

ing required in preparing the land leaves it so well cleaned that the

millet easily keeps ahead of the weeds. If the land is very foul, the

crop may be cut early, before the second growth of weeds goes to seed,

and the land plowed again. Used in this way, millet is one of the

best crops that can be grown for the purpose of ridding the land of

weeds.

When millet is sown late in the season as a catch crop or as a sec-

ond crop after rye or some other early maturing crop has been har.

vested, it is not always expedient to go to so much trouble in preparing

the land. The seed may be sown on the freshly plowed stubble; or,

if the land is quite loose and mellow, as is the case in parts of the

West, the stubble may be "disked" or gone over with cultivator to

kill the weeds and the seed sown and harrowed in. This "disking"

or cultivating is the most common practice wdien millet is used

as a catch crop after the main crop of corn or small grain has been

"hailed" out, as is not infrequently the case in the middle West.

Another (luite common practice is to sow on newly brok<Mi ground,

either without any other preparation than simply breaking up the

sod, or, as is more often the case, the "breaking" is torn u[) with a

"disk" or heavy iron-toothod harrow.

SEEDINO.

When millet is handled as a primary crop, seeding is generally

done during tlio latter part of May or early in June in the North, .and

of course correspondingly earlier in the South; or, if the moi.sturo
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conditions are favorable, it may be delayed as late as Auf^iist 1 in the

latter region, the genei-al rule being to sow millet as soon as the corn

is planted. The foxtail and broom-corn millets and some of the

barnyard millets are quite sensitive to cold, and hence see<ling should

be postponed until the ground has become thoroughly warm and dan-
ger from protracted cold is past. It should, however, take place

before the dr^^ period of the summer begins. A succession of crops

for soiling or silage can easily be obtained by sowing at periods of

two or three weeks from May 10 to late in July.

The seed may be sown broadcast or with a grain drill. Ordinarily,

there is but little if any choice between the two methods when the

crop is to be cut for hay, except that the drilled seed gives an evener
stand and a little less seed is required. For a crop of grain or for

soiling or ensilage drilling will generally give better results. On
some soils it is a good plan, when growing for seed, to plant in drills

far enough apart to allow cultivation to prevent packing of the soil

and loss of moisture, jiarticularlj^ when barnyard millet is planted.

The common practice is to sow from one-half to three-fourths of a
bushel of seed of foxtail or broom-corn millets, or one-fourth to (tne-

half of a bushel of barnyard millet per acre for a crop of hay and
somewhat less for a crop of grain. Rich, well-j^repared land will

require less seed than that which is poor and thin; and it is not

necessary to use quite so much seed when the crop is to be ensiled or

fed in the fresh state as when it is intended for hay. Thin seeding

is likelj^ to result in coarse-stalked plants, which are not desirable

for hay. Some of the varieties may require a smaller quantity of

seed than others on account of the greater tendency' of the i^lants to

"stool;" but as the amount of "stooling" depends so much upon soil

and climatic conditions, it is not usually safe to allow very much
for it.

UARVESTING.

Cutting foxtail millets for hay should never be delayed until the

seed has begun to ripen, particularly if it is to be fed to horses. On
the other hand, it is best not to cut too early, as the hay is liable to

have a more or less laxative effect upon. the animals eating it. How-
ever, it is better cut early than late. The hay may bo safely cut any
time during the period from complete "heading out" to late bloom.
Professor Chilcott, of the South Dakota experiment station, who has
liad much experience in growing and feeding this crop, says:^ "The
best time to cut millet for hay is when a majority of the heads have
distinctly appeared." The tough, fibrous nature of the stems and the
stiff beards on the heads of millet that has been allowed to approach
too close to maturity detract much from the palatability of the hay,

and, although something is gained from the seeds in the wav of

' Bui. 51, S. Dak. Agr. Exp. Sta., p. 18 (1897).
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nutriment, enough is lost in palatability and increased fiber to more

tlian make up for it. Moreover, the earlier cut hay is a much safer

food for all kinds of stock. On account of the succulency of the

stems and leaves the curing takes place rather slowly, and the seeds

may make a great deal of development after the plants are cut;

h<Mi<'0, if cutting is delayed until after the seeds are well formed,

the.v will often develop sufficiently during the process of curing to

germinate. Cutting for soiling or for the silo can be done a little

later than for hay, but should take place before the seed has begun

to ripen.

For soiling or for early hay, barnyard millets may be cut as soon as

the grass "heads out," or even before. The best quality of forage

will be obtained by cutting during the blooming period, and when
the crop is to be cured for hay this is the best time for harvesting.

For silage the crop may be cut any time between "heading out" and
the formation of the seed, preferably when most of the plants are in

late bloom. The quality of the forage seems to deteriorate more

rapidly with age than in the foxtail millets; hence, it is more imper-

ative that cutting should be done while the i)lants are at their best.

On account of the greater succulency of the stems, barnyard millet

is more difficult to cure than either the broom-corn or the foxtail

millets, but when properly cured the quality of the hay is better than

that of the other millets, and in some localities the yield is said to be

greater.

One of the best methods of preserving this crop is by the use of

the silo. Those who liave tried this method have obtained excellent

results. A fine quality of ensilage may be made by using barnyard

millet and a leguminous crop like soy beans or clover.

The broom-corn millets are not difficult to cure, and the same
methods may be emplo^'ed as for any coarse grass. What has been

said regarding the time for cutting barnyard millet for various pur-

poses applies as well to the millets of this group. The forage dete-

rioi-ates rapidly upon reaching maturity, and hence cutting should

not bo delayed too long.

The common practice is to use a horse mower or a scythe when cut-

ting for liay or soiling. In localities where curing takes place rapidly

and there is little or no rain during haying time, the self-rake and

the self-binder have been used with good result>i. The bunches left

by the self-rake are allowed to lie without further attention until

cured; or possibly, in the case of a heavy yield, they may bo turned

over once or twice to facilitate drying. When the self-binder is used

the bundles are loosely made, and are set up " two and two" in long

shocks extending nortli and soutli, so that the bundles may get the

full benefit of the sunshine. It is not often that this metliod can bo

eiiii)loyed in cutting for hay, but when practicable it saves much labor

and leaves the liay in condition to be stored easily and well. Anotlier
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way of iisin<? tlie self-binder is to allow the inillot to ]>e dropped
unbound to the ground, the bunches tlion beint^ handhu] as when tlie

self-rake is used.

One of the best methods of curing the hay is to allow the grass to lie

in the swath until partially dry, then gather into cocks and let stand

until thoroughly cured, after the manner of curing alfalfa and (tlover.

Hay cured in this way is of better quality than that allowe<l to lie in

the swath exposed to the sun until drj-.

Millets may be harvested for the seed in the same mannci- as siuall

grain of any sort. One of the best ways is to cut with a self-binder,

place the bundles " two and two" in long, narrow shocks, with the

long diameter north and south, let stand until dry, and thra.sh from
the shocks. This method is quite generally practiced where the mil-

lets are most extensively grown for seed. It is possible that .seed of a

better quality may be obtained by stacking the millet before thrash-

ing; but whetlier or not the gain would be sufficient to pay for the

expense of stacking is doubtful. The crop should not be allowed To

become too ripe before cutting, for the seed falls out badly during the

process of curing and thrashing. Probably the best time for harvest-

ing for a crop of seed is when the seed is in a "stiff dough."

USES AND FEEDING VALUE.

Millet is fed principally as a hay and soiling crop. As will be .seen

from the chemical anal3ses,* the forage ranks well with that of other

grasses in the nutritive content, and its palatability is about that of

the average for the coarser sorts. For digestibility, millet forage

compares favorably with that from other coarse grasses.

Already widely grown as a hay crop, millets deserve more general

use for soiling. They are particularly valuable for feeding to dairj'

cattle, young stock, and sheep. There are many sections of the

country where this crop can be made to supplement the pastures in

such a way as to allow a material increase in tlie numlx'r of stock

that can be kept on the farm.

The use of millet as an element in annual pastures may well receive

greater attention from farmers in sections where there is a general

shortage of pasturage. Such varieties as Hungarian and Common
Millet, which "sprout from the root" well, are be.st to sow for pas-

turage. Some of the Corean varieties may prove valuable for this

purpose. There aie few of the annual grasses better adapted for use
in pastures. Sheep and calves may bo pastured on this crop with
excellent results. It would be well to mix some other crop, like field

peas, with the millet, or to allow the animals to run on a field of clover,

rape, or some such crop for a portion of the time.

On account of the heavy yield of forage and the good quality of

' See Appendix.
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the product, millets are excellent grasses for use in the silo. Fre-

quently* a good crop of millet can he raised under conditions which
would not admit of growing corn for ensiling, and in such instances

it becomes of especial value.

The seed of the foxtail millets is widely used as food for fowls and
birds, but is seldom fed to stock. It has, however, been used in

feeding young stock, such as calves, with a fair degree of success.

It should never be fed without first being ground or crushed, as

otherwise only a portion is masticated and digested, and the rest is

lost. The seed is an excellent food for laying hens.

The seed of Broom-corn Millet has won greater favor in this coun-

try as a food for stock than that of either the foxtail or barnyard mil-

lets. It has been fed to swine and young cattle with very satisfac-

tory results, and is regarded as an excellent substitute for corn for

use in preparing animals for the market. The name "Hog Millet,"

so commonly applied in the West and Northwest, was given because

of the fact that the seed was thought to be so well adapted for feed-

ing hogs. As with other millets, the seed makes a good poultry

food, and it forms a large part of the various birdseed mixtures

offered in the market. The broom-corn millets are better adapted

for human food than any other millets grown in this country.

COMPOSITION AND DIGESTIBILITY.

Compared with timothj*, which is usually taken as the standard

for grasses, the foxtail millets are somewhat deficient in the two

most important constituents, fat and crude protein, but they contain

about the same perceniage of crude cellulose and a slightly higher

percentage of extract matter. The percentages of digestibility are

somewhat higher, however, in the millets, so that the actual feeding

value differs but little, although the timothy is perhaps more pala-

table. The seed contains almost as much fat and extract matter as

shelled corn, a little more protein, and about four times as much
crude cellulose.

Hungarian hay is more digestible than corn stover, but rather less

so than good fodder. Sixty-five per cent of the total dry iiuitter is

digestible, and of the fresh material G3 per cent. As the hay ordi-

narily contains from 7 to 15 per cent of water, leaving a total amount
of from 85 to Ii.'3 per cent of dry matter, or 85 to 93 pounds in each KM)

pounds of hay, it will be seen that the animal digests from 551 to 00^

pounds of the total dry matter in each 100 pounds of hay.

Harnyard-millet hay contains rather more fat and crude protein

and less extract matter than the foxtail millets, and about the same
amount of crude cellulose. It also has a somewhat higher percentage

of digestil)ility, bearing out the opinions of Professor lirooks, Dr.

Lindsey, and others, that it yi<>lds, all things considered, a forage

superior to that of the foxtail and broom-corn millets.
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The Broom-corn Millet agrees fairly well in composition with the

barnyard and foxtail millets, the most important difTorences being

in the composition of the seed and silage. The silage is relatively

rich in fat, while the seed is richer in both fat and protein than most

of the foxtail millets, and richer in protein but poorer in fat than the

barnyard millet. Data as to its digestibility are not available, bnt

the chemical analyses indicate a relatively high food valne for prop-

erly preserved forage, and this agrees witli the general experience of

stock feeders. In palatability it is considered by some to be rather

behind both foxtail and barnyard millets, but our experience indi-

cates that it is at least fully equal to the former in this respect,

though somewhat behind the latter.

FERTILIZING VALUE OF MILLETS.

While this crop is of little importance as a fertilizer, when compared
with the clovers, cowpeas, and other leguminous crops, a knowledge

of the kind and quantity of fertilizing substances contained in the

millet plant will give an idea as to the drain on the elements of plant

food in the soil by this ci'op. There are many sections of the country

in which the soil is very poorly supplied with vegetable mold, and
the turning under of any leafy growth will prove beneficial. If the

better leguminous crops are not at hand or can not be grown, millet or

any other plant that will grow on the soil and produce? a heavy foliage

maj'^ well be used for the purpose.

The following table shows the amount, in pounds, of the various

important fertilizing ingredients found in the millets, and also the

comparative value of a ton of the hay, straw, seed, or fresh material

at an average market price for these ingredients:

Fertilizing value of tJie millets.'

Variety.

Japanese Foxtail Millet (fresh)

Barnyard Millet (fresh)

Hungarian Millet (fresh)

Millet ensilage (var. unknown)
Millet hay (var unknown)
Millet straw

Japanese Millet seed

Common ^Millet seed

Nitro-
gen.
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many Other forage plants, these millets become verj' harsh and woody
with ai;e, and are then difficult of thorougli mastication and hard to

digest. Then, too, at this stage of growth the beards are stiff and

liarsli, and are not only difficult to digest, but produce more or less

irritation in the digestive tract of the animal, and sometimes unite

with other indigestible substances, forming compact balls in the

stomach, ultimately causing death. This difficulty may be avoided

by cutting the haj' in proper season, as recommended elsewhere. No
more trouble seems to have been experienced in feeding the millets

in the fresh state than with any other succulent forage. Most of the

injury has arisen from feeding the hay in large quantities with little

or no other grain or forage and for extended periods. At the North

Dakota experiment station an extended experiment was recently con-

ducted to determine what, if any, deleterious effects would result

to horses from a continued diet in which millet hay replaced that

ordinarily used in the ration. The animals were grained, watered,

and otherwise cared for as usual. At the end of the experiment. Dr.

Ilinebauch, the veterinarian of the station, concluded that "millet

when used alone as a coarse food is injurious to horses—first, in pro-

ducing an increased action of the kidneys; second, in causing lameness

and swelling of the joints; third, in producing infusion of blood into

the joints; fourth, in destroying the texture of the bone, rendering it

softer and less tenacious, so that traction causes the ligaments and

muscles to be torn loose." These results seem to show conclusively

that under certain conditions millet hay becomes injurious to horses at

least, if not to other stock also. This agrees, too, with the general

expei'ience of farmers and stockmen, that a long-continued diet of millet

Imy, particularly hay in poor condition, tends to wef^ken horses and

unfit them for doing hard work. Again, both immature and overripe

foxtail millet is .said to produce abortion in brood mares and cows, but

this has not been established experimentally. Millet in any stage of

growth acts as a laxative and diuretic. At times the action is more

])ronounccd than at others; thus, hay cut while the plants are quite

yoiiiig seems to be most strongly laxative, while overripe haj' is most

strongly diuretic. However, if the hay is cut at the right stage of

growth and properly cured, the action in either case will not bo suffi-

cient to lead to serious results if other hay or coarse forage is fed

along with the millet. One feed of millet hay per day for work hoi-ses

and one or two for other stock is sufficient, and when fed in this

manner the millet acts as a stimulant and alterative, and tends to

))rofluco and maintain a healthy condition of the animals.



STEEL-TRACK WAOON ROADS.

By Martin Dodge,

Director of the Office of Road Inquiry.

INTRODUCTION.

Tlie steel-track wagon road is still in the experiraental stage. Much
has been written and proposed in a theoretical way during the last six

years or more, but nothing has been done by way of actual tests till

very lately. In the Engineering News for ]May 7, 1896, the editor com-
ments as follows:

A good deal has been published in the newspaper press and elsewhere during the

past few years concerning the scheme of laying steel rails upon ordinary highways
as a means of making a better or cheaper road than is furnished by the ordinary

macadam construction. Just where the scheme originated is doubtful. The idea

has probably occuiTcd to hundreds of men, merely as an idea; but the first to pub-

licly advocate it, so far as we are aware, was the State highway commissioner of

Ohio, Hon. Martin Dodge, in his report for 1893.

As early as 1891 the writer had published, unofficially, a plan for

laying steel tracks for use on country roads.

The three principal advantages to be sought in the new construction

are cheapness, durability, and reduction of power required to move
a vehicle.

As to the last two elements, all are agreed that the steel track solves

the problem. In reference to the cost and manner of construction

there is great diversity of opinion. Many of the plans tirst submitted

and publislied provided for a substructure of wood, in some form, to

support the steel tracks. In 1894 Mr. F. Melber, of Pittsburg, Pa.,

and Mr. W. I. Ludlow, of Cleveland, Ohio, both submitted plans to

the National Road Conference, which met at Asbury Park July »"• of

that year. These plans, afterwards published by the Department of

Agriculture in Bulletin No. 10 of the Office of Road Inquiry, show
wooden substructures of plank, not only to support the steel track,

but also to form the treadway for horses or other animals. 'I'iiis

wooden substructure adds to the cost of construction without adding
to the real value or utility of the road, and can therefore be oniillcil

with advantage, provided we can soadapt tlie steel track t<j th«> roadbc*!

tliat it will combine with the materials composing the latter in such a
way as to form a substantial and integral part of it. This result is

effected in the manner indicated by the cross section in fig. 89. Mr.

Abel Bliss, of New Lenox, 111., and Mr. Melber have each put down,
as private experimenters, a short section of 25 or '.)0 foot to represent
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their ideas of llio best form of construction. These sections are, Ivow-

ever, too short to furnish any full and sufficient tests as to the value

and utility of such roads as we liave under consideration.

It was not until the fall of 1807 that any public authority was j^iven

by any public officer or officers to undertake to test the value or

utilit}' of the steel-track wagon road. At that time the county com-

missioners of Cuyahoga County, Ohio, authorized the writer, by con-

tract, to lay 500 feet of steel track on the Brecksville road, immediately

south of the citj' limits of Cleveland. The form choseu for this

track was one designed and recommended by Mr. Melber, but without

the wooden substi-ucture provided for by him in 1804. This track

was not completed till June, 1808, and has been somewhat disturbed

and obstructed since bj' reason of grading done adjacent to the track

by the contractor, who was chai-ged with carrying out more extensive

improvements on the Brecksville road. This track, wiien completed.

Fici. b9.—Cross section of steel-track wagon road.

presented a fine appearance, and will doubtless give satisfactory

results, but sufficient time has not yet elapsed to test it thoroughly

in every respect.

TESTS OF UTILITY OF STEEL-TRAOK WAGON ROADS.

All steel tracks heretofore placed upon highways have been laid

without the aid of the Government; but the Secretary of Agi-iculture

determined to undertake, through this Office, a test as to the utility

of the steel track, made and laid ,so that vehicles without tlanged

wheels might have the great advantage of a smooth track, heretofore

enjoyed only by vehicles with the flanged wheels. The wiiler, upon

l)eing ai)pointed Director of the Office of Road Tn<iuiry, ininuMliately

began preparations to build a sample steel-track wagon road which

should permit of making tests as to the cost, value, and utility of such

a road. For this i)urpose he secured a suitable space on the gi-ounds of

the Trans-Missiswi[)i)i Exposition atOnuiha, where the results might bo

seen by the greatest number of people, and constructed such a road

as he liad lecommended before, but which had never been fully tested.

The ntad thus laid consists of two paralh'l lines of steel plates, 8 inches

wide, laid at a sufficient distaiu'e apart to receive the wheels of vehi-

cles of the standard gauge. 'J'hese plates have a slightly projecting

flange upward and on the inner edge, so as to prevent the wheels of

ordinary vehicles, which have no flanges, from easily leaving the track.

At tiie same time the flanges, being only one-half inch, are not of a
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Fig. 1.— Horseless Carriage propelled by Electricity on Steel-track Wagon Road.

Fig. 2. The Steel Track as a Bicycle Path.
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height to i)ievejit the vehicles from leaving the track for the purpose

of passing other veliicles whenever the driver so desires. These steel

Ijlates are not supported by wooden cross-lies or longitudinal stringers

of any kind, but are provided with flanges projecting both downward
and outward. These flanges are embedded in the concrete of the

roadbed so as to form a sul)stanlial part of it, and the steel plates are

supported at every point ])y a substructure of cement or other enduring

niatei'ial.

In addition totheioad built at Omaha, upon wliicli the traction tests

were made, INlr. E. G. Harrison, road expert of the Office of Road

Inquiry, was directed to lay a short section of 150 feet of steel-track

road at the agiicultural experiment station at Saint Anthony's Park,

Minnesota. After completing this, September 24, he laid another

section of 180 feet at the agricultural experiment station at Ames,

Iowa. Both of these sections were made after the same pattern and

style of the Omaha road. Reports so far received from these two sta-

tions indicate that the two sections are coming up to the highest

expectations.
THE FUNCTION OF CROSS-TIES.

The cross-ties used are not for support, but only to maintain the

steel plates at a uniform distance from each other and also to prevent

tilting and to maintain the face of the plates in a horizontal position.

The road, when properly finished, contains no perishable nuiterial,

such as wooden cross-ties and sti'ingers, heretofore used and thought

necessary for all steel-track construction, but forms a smooth, firm,

and compact mass harder and more durable than a road can be made
of any other knoAvn material.

ADVANTAGES OF STEEL-TRACK WAGON ROADS.

The three great advantages mentioned elsewhere as being sought

for in the steel-track wagon road are found in this new roadway,

demonstrating

—

(1) That the steel-track wagon road can be built without greater

cost in most cases, and probably with less cost in many eases, than

any other hard and durable road.

(2) That it Avill last many times as long as any other known mate-

rial for road purposes and with mucli less repair.

(3) That the power required to move a vehicle over the steel-track

road is only a small fracticm of the i)Ower required to move the sanu^

vehicle over any oilier kind of road.

This last important fact can be taken advantage of either by increas-

ing the load which a given power would be able to move over a com-

mon road or by diminishing the power necessary to move a vehicle

over the new road. This is shown by the accompanying illustrations,

PI. XVIII shows a heavy load of II tons drawn by twenty horses over

a common road. PI. XIX shows a load of equal weight drawn by one
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horse over a sieel-lrack road. This load was twenty-two times the

vxoiirlit of the animal, and was easily moved with light harness. The

load could be increased up to fifty times the weight of the animal and

still be started and raoved without difficulty. PI. XX, fig. 1, shows

the horseless carriage on the track, which is moved with such ease as

to require but a small fraction of the power ordinarily used for mov-

ing such vehicles. It also shows (PI. XX, fig. 2) a bicycle rider on

the track, indicating the suitableness of this new road for long

bicycle rides through the country, a fact which would doubtless have

an important bearing on the extension of rural mail delivery.

METHODS FOR LAYING STEEL TRACKS.

The method of laying steel tracks should be varied to conform to

tlie material out of which the roadbed is constructed. In a compara-

tively dry and sandy or gravelly soil these tracks might probably be

laid with no other material except the natural foundation of the road-

bed itself, and could be maintained in good repair at very little cost.

Also the flanges at the lower extremity, which project outward, might

l)e omitted, thereby diminishing the amount of metal required in the

rail. What could be done successfully in a sandy or gravelly road-

bed might also be done in any soil that could be kept sufficiently dry,

either by reason of the climatic conditions or the natural dryness of

t he soil. But in all wet and clayey soils there should be a substruct uro

of broken stone under each rail 1 foot deep, also macadam between

the rails and for a distance of 1 foot on each side. The cavity imme-

diately under the rail should be filled with cement, so as to give a

continuous bearing to support the rail at every point. The joints also

slunild be secured by being bolted to a common cross-tie. In building

on a grade of 3 per cent or more, the rails should be corrugated trans-

versely. No experiment has ever yet been made with such a track

upon such a grade, nor is there the material for the corrugated 1 racks.

That will have to be produced by the use of special rolls.

COST OF CONSTRUCTION.

Tlu! cost of constructing the short section of steel-track road already

built was about til per foot, but this is much in excess of the neces-

sary cost when built in longer sections, reciuiring large quantities of

material, and when the rolling mills are equipped witli suitable rolls

to get the shapes desired Avithout the extra cost incurred in making

the " built section."

It is probable also that the weight of steel may be considerably

diminished below that heretofore used without materially impairing

the value of the road. Before making a positive statement as to what

the most desirabh^ weight should be, we must observe^ for a long time

the effect of Iraflic upon i-ails of dilTerent weight, ditVerenl shape, aiul

dllTerent size. It seems probable, however, that a rail weighing ;?0
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pounds to llie yard, one-fifth of an inch in thickness, and witli the

cavity iiuniediately below properly filled, so as to ^ive a continuous

bearing, will prove to be sufficient. This would bring down the cost

of the steel to about $1,500 per mile, and there is every probability

that time and experience will prove this to be sufficient. To that

sum must be added the cost of actually laying the track, and bring-

ing tlie road surface up to it in such a manner as to preserve the sur-

face of the roadbed even with the surface of the steel rail. Allowing

an equal amount for that purpose, which is probably sufiicient, the

road complete could be built for *3,000 per mile.

NEW METHODS IN CONSTRUCTION OF ROADS AND VEHICLES
SUGGESTED.

When John L. Macadam advanced his theor}- of road building in

England in 1816 he called the attention of Parliament to the fact that

it had hitherto devoted attention mainly to regulating the size of vehi-

cles, the width of tires, the number of horses to be allowed for each

vehicle, the amount of toll to be charged, and minor details of that

kind, but had paid very little attention to the improvement of the

roadbed. To-day, on the contrary, nearly all persons interested in

the good-roads problem are exhausting their efforts upon the improve-

ment of the roadbed only, and seeking to imitate or duplicate the stone

roads of the older countries. It is the opinion of the writer that the

stone age in road building has substantially passed, and that it is

possible to introduce new means and methods by which there will be

great gains in four different ways.

(1) The improvement of the roadbed can bo effected without

increasing the cost of its construction; on the contrary, the cost of

construction can be diminished one-half or more.

(2) The weight of the vehicle can be greatly diminished in i^ro-

portion to the load it carries. The bicycle is a notable example of

what has been done in this respect. The value of the bicycle depends
on the fact that it carries a burden many times its own weight. If it

were constructed on the principle of nearly all other vehicles, so as

to Aveigh as much as the burden it carries, or more, it would have no
practical value and would not be in use. It is possible to apply the

same i)rinciple in the construction of other vehicles, at least to the

extent that in all cases they shall carry more than their own weight,

and in most cases many times their own weight.

(3) Having such vehicles as referred to, it is possible to substitute

inanimate power for animal power for all distances upward of 5 miles,

and by such substitution there Avould be a gain equal 1o four-fifths of

the present cost for animal power.

(4) There would be an increase in the speed of vehicles, and conse-

quently a proportional saving in time.

The roadbed as commonly constructed is of great \\ idlli an*! solidity,
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yet the burdens liassin": over these roads are, as a rule, only from 1 to

2 tons in weight. It is unnecessary and unwise to build for li<j;ht

vehicles roads capable of sustaining burdens a hundred limes the

ordinary weight. The roadbed should be haid and smooth, and it can

be made so by substituting steel for stone.

In reference to the vehicle, the fault of excessive weight is the result

of a natural evolution based upon conditions heretofore existing, but

now rapidly passing awaj^ and capable of complete elimination. The

wheels were made high in order to overcome the inequalities of the

primitive roadway and to enable the vehicle to straddle extraoi-dinary

obstructions in the way. This height of Avheel necessitated great

width of gauge in order to prevent overturning the carriage. Great

height and great widtli called for great strength in the vehicle, and

great strength could only be secured by making the vehicle of great

weight w^hen constructed of the materials heretofore used for such

piirposes; so there were constructed and used vehicles whose weight

exceeded that of the burdens they carried, and as a conseciuence the

immense sums of money i^aid for transportation result almost as much
fi-om cost of moving the vehicle as from cost of moving the freight it

carries.

In crder to remedy this defect the first thing to do is to lower the

center of gravity of the vehicle. No real progress was made in the

development of the bicycle until the low wheels were used and the cen-

ter of gravity lowered as much as possible. This example should bo

imitated in the construction of other vehicles. With the lowering of

the center of gravity may easily and safely come a diminution in the

width of the gauge, and with these two steps it is easy to reduce the

weight of the vehicle, especially by substituting the lighter mat/crial

now available, so that the vehicle may be strong enough to cany ten

times its own weight instead of weighing ten times the burden it car-

ries, as is often the case with vehicles in common use. As already

stated, with a smooth track and a light vehicle, placed upon roller

bearings, it is possible to substitute inanimate jwwer for animal power

on all distances of 5 miles and upward, with a saving equal to four-

fifths of the present cost for animal power, and at the same time

giving a great increase in the speed of the vehicle.



WORK OF THE DIVISION OF FORESTRY FOR THE
FARMER.

By GiFFOKD PiNCHOT,

Forester.

WORK IN GENERAL.

No part of ilie work of the Division of Forestry is without a dis-

tinct influence for good upon the farmer. For example, its study of

forest fires, recently begun, has the closest relation to the farmers of

Minnesota and Wisconsin, while in all mountainous regions the pro-

tection of the forest from fire is of vital interest to agriculture. So

with the supply of lumber, to maintain which is the object of the

studies by the Division of methods of lumbering, also recently under-

taken with a view to improving their effect on the future of the

forest without sacrificing the profit of the lumberman. Practical

assistance given to the owners of forest lands has the same general

ol)ject in view. A knowledge of the j'carly rate of growth, in cords

or board feet, of commercially valuable trees per acre of forest is of

great value to every man who owns a wood lot; and this knowledge

the Division is engaged in providing, with particular attention to

trees which, like the Loblolly or Old Field Pine, are sure to increase

in importance as time goes on.

But however close the relation of the others, two branches of the

work of the Division are related to the welfare of the farmer in a

special manner. These two are concerned with the introduction of

suitable trees for planting in the treeless portions of the West, and

with the better handling of the wood lots on farms in the regions

where trees now grow.

TREES FOR THE PLAINS.

Tree i^lanting is a question of the greatest importance to the farmers

of the treeless West. If every otlier proof were lacking, this would

be abundantly shown by the vast amount of planting that has taken

place since the Central West began to grow into its present agricul-

tural importance. Dui-ingseveial decades immense numbers of trees

have been planted, and a vast amount of experience has been accumu-
lated. But so far all that has been learned from failures and suc-

cesses is not readily accessible for the information of fulure planters.

Many of the trees used would better luive been discarded, and very

many iilantations have failed because they were poorly or wrongly

made. The first thing to be done is to compile ami collect an account
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of llio results of actual experience, which of course must be obtained

far less from books than from practical planters, and from a careful

study of good and l)a(l plantations already made. This done, the next

step is to devise new methods of planting, where such are needed,

and to lind, by experimental plantations, what trees, among all those

of the world, arc best suited for the different portions of tlie treeless

West. Some such plantations have been established in previous years.

The stud}^ of what has been done will be taken up during the coming
year, and will be carried forward as fast as the available funds will

permit. It lies at the foundation of the whole subject.

PRACTICAL ASSISTANCE TO FARMERS.

Of the 623,000,000 acres in farms in the United States, according to

the Census of 1890, more than 200,000,000 acres are under wood. This

enormous total, broken up into wood lots over a very large part of the

United States, exerts a most powerful influence on the welfare of the

farmers to whom it belongs. Yet, as a rule, the treatment which

farmers' wood lots receive is calculated to destroy rather than increase

their productive capacitj^ and value. The object of the undertaking

described in the pages following is to devise, and assist the farmer in

applying, better methods by which the forest on his wood lot will be

improved without appreciably increasing the cost of harvesting the

forest crop, or simply to apply such methods where they already exist.

The latter is not often the case, for the reason that European ways of

dealing with forest land are seldom applicable to the handling of

woodlands in America. Practical and paying waj s of handling wood
lots must be devised, for unless the methods applied with the assist-

ance of the Division are successful from a money point of view tlK\v

will not an.swer the general pur[)ose for which they were intended,

which is that of examples. It would naturally be impossible for the

Division to cooperate with all the farmers of the United States. It can

reach the greater number of them only through the published results

of its work.

Examples of better waj's of liandling wood lots calculated to lead

others to imitate them must be satisfactory to the owners, in the first

j)laco. To benefit, the owner and the forest at the same time is tlie real

jirohlem. From this point of view the difference between the ordinary

and improved methods of liandling this forest land is enormous, but,

oil tlie other liaiid, changes in method are not extreme. In other

wortis, the cost of harv<'stiiig the timber crop from a wood lot in the

usual way difTcrs but little, if at all, from the cost of harvesting it so

that its i)roductive value will l)e imi)i<)ved and increased. Thus, the

difference to the farmer in exixuidifure will be very small, while the

difference in result, both to the individual and, from the enormous

area of all wood lots taken together, to the nation at large, will be

very great.
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Farniors in many cases dopond largely on their woo<l lots for n-ndy

cash, received fronT the sale of ties, cord wood, and oilier prod nee, to

supplement any shortcoming? in the }:parly crop. The quality and

quantity of this produce is therefore of the first importance to tliem.

The Division of Forestry has undertaken to give practical advice, on

the ground, as to how best to secure these advantages, and then to

supervise the execution of its own plans, the whole entirely without

cost to the farmer. A copy of the agreement whicli the Department

of Agriculture is prepared to make with the owners of wood lots is

given here, in order to explain more fully just what is intended, and

a working plan, prepared under this agreement, is also given in full

(see pages 301-308) to illustrate more at length the way the work is

done. It must not be forgotten, however, that there are as many best

ways to handle them as there are kinds of wood lots. In other words,

a plan prepared for northern New Jersej^like the one given would not

fit the conditions of southern New Jersey, while it would be suitable,

in its main features, for very considerable parts of New England, New
York, and Pennsylvania.

The following is the agreement referred to, giving the terms on

which the owners of small tracts of forest may cooperate with the

Division:
WOOD-LOT AGREEMEXT.

Washixgtox, D. C, Sejitemher !, isns.

The Department of Agriculture of the United States and John Doe, of Doeville,

county of Bell. State of Pennsylvania, mutually a.2rree together as follows:

1. The Department of Agriculture, in pursuance of investigations in forestry,

and in order to disseminate a knowledge of improved ways of handling forest

lanily, shall, after personal study on the ground b\- its agent or agents, prepare a

plan for harvesting the forest crop and reproducing the forest on the land of the

said John Doe. situated and described as follows: 100 acres, more or less, of second-

growth hardwood forest land, in the town of Doeville, county of Boll, State of

Pennsylvania, on the farm known commonly as the 0!d Doe Place, and in the

northvt'cst portion of the same.

2. The said plan shall be prepared for the purpose of promoting and increasing

the present value and usefulness of the said land to its owner, and to perpetuate

and improve the forest upon it.

3. Upon the completion of the said plan and its acceptance by the said John
Doe, the Department of Agriculture shall supervise the execution thereof, so far

as may be necessary.

-1. The Department of Agriculture shall render all services under this agree-

ment wholly without charge to the said John Doe, nor shall it participate in any
degi-ee in the receipts and expenses arising from the said land, except to defray

the pay and expenses of its agent or agents.

5. The Department of Agriculture shall have the right to imblish and distribute

the said plan and its results for the information of farmers and others wlnun it

may concern.

G. This agreement may be dissolved by either party upon ten days" notice given

to the other.

(Signed)

(Signed)
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Washington, D. C, October 1, 1898.

The working plan above mentioned, being now completed, is accepted, and will

be carried ont nnder the conditions and during tlie validity of the above agree-

"i"»t- (Signed)

It is an essential part of the scheme outlined above to print work-

ing plans prepared in different parts of the country and distribute

them to the fanners in the regions to which they appl3^ These work-

ing plans, with photographs and maps, Avill contain sliort, ])lain, and

practical directions for practical work in the woods, so tliat the own-

ers of similar wood lots will be able to follow the wsame methods of work.

The conditions under which the Division of Forestry undertakes to

assist the owners of wood lots to make the most of them are very

simple. It has nothing to do with the receipts and expenses which

arise under its plans. The farmer must attend to the actual work of

cutting and marketing his Avood, or else furnisli the necessary labor.

Th3 cost of doing so he must pay, and the money it yields goes to

him. On the other hand, all investigations, advice, and supervision

'needed to prepare and carry out a working plan are entirely at the

charge of the Division. The assistance of the Division costs the

farmer nothing except the desire to improve his property and the

willingness to be assisted.

Since the object of this wdiole undertaking is to convince farmers

of the real advantage to them of better ways of handling their wood

lots and to spread this conviction bj"^ the proof of actual examples in

successful operation, which must be satisfactory to the men chiefly

concerned T)efore they can be of use to others, the whole scheme is

arranged so that its success depends on the way it is received by the

farmers. Just so long as the working plans are satisfactory to the

farmers for whom they are made, just so long they stand a chance of

being useful as examples, but no longer. Consequently the wood lot

agreement is so worded that it can be ended at any time upon ten

days' notice by eitlier party. Furthermore, as the acceptance clause

at the bottom shows, if a working plan is not satisfactory to the

owner when it has been made it will not bo put into effect.

These conditions have been made so easy because the ch)se lelai ion

of tlie wood lots to so many millions of our people, the vast ar<>a they

cover, and their very great national imi)oi1ance as sources of fuel,

fencing, and other material, require and justify great efforts to

imi)n)V<' thcii" <'(>ndi1ioji and increase their jjroductivo power.

Applications, which should be made to the Division of Forestry, will

be dealt with in the order of their receipt, except tliat wood lots of special

value as exaniph's will be given the pn>ference when the success of the

work seems to rei^uire it. This plan was (irst mad<» i>ul>lic in Circular

N<>. 21 of the Division of Forestry, which explains the terms under

which not only farmers, but all other owners of timber land, in large

or small tra<*ts, may receive the advice and assistance of the Division.
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WORKING PLAN FOR A WOOD LOT BELONGING TO MR. E. D. PAGE,
AT OAKLAND, BERGEN COUNTY, N. J.

By Henuy S. Graves,

Superintendent of Working Plans.

DESCRIPTION OF WOOD LOT.

Area.—The total area included under the working plan is 70.3 acres, of which

41 acres are covered with merchantable timber, 20.3 acres with a growth of sprouts

about seven years old, and the remaining 9 acres with scattered Red Cedar.

Situation.—The wood lot is situated on the eastern side of the Raroapo Valley

(see fig. 90), on a hill about 200 feet above the river. The land has a moderate

slope, partly toward the northwest and partly toward the southeast.

Rock and soil.—The soil, resulting from the disintegration of the underlying

trap rock and the glacial stones and bowlders, which are scattered plentifully over

the area, is chiefly a clayey loam, or, on low ground, a loamy clay. The tract is

well watered, and the soil is everywhere fresh or moist.

The forest.—With the exception of one small group of trees, the forest is a

second growth, composed chiefly of two age classes, one about fifty and the other

about eighty years old. The prevailing species are Black, White, Rock, and Pin

Oak (see Pis. XXI and XXII), Chestnut, Hickory, Black Birch, Ash, and Pitch

Pine. Other species occur, and are mentioned in the description of the several

divisions given below. The forest has a fair density, and the trees, for the most
part, are tall and clear boled. There have been thinnings from time to time, but

no heavy cutting has been done for about fifty years, except on the southern end
of the wood lot, where about 20 acres were cleared in 1891.

There is a considerable amount of underbrush, and throughout the forest seed-

lings of Oak, Hickory, and Ash are abundant. Rock Oak and Ash reproduce them-
selves better than any of the other trees, but the reproduction of the other Oaks
and of Hickory, Elm, and Sugar Maple is good.

DESCRIPTION of DIVISIONS.

The wood lot has been divided into seven divisions (see fig. 91), each either dif-

fering in character and age from its neighbors or isolated from the rest. These
divisi(.ns are de.scribed in detail, as follows:

Division No. 1.

Area: 20.3 acres.

sanation: Moderate northwestern slope.

Soil: Fresh loamy clay, covered with numerous stones.

Forest: A dense growth of sprouts, mixed with scattered seedlings, of Chestnut,
Oak, Hickory, Ash, Butternut, etc., about seven years old.

Division No. :?.

Area: 6.2 acres.

Siiiiaiion: Moderate northwestern slope.

Soil: For the most part covered with bowlders and stones. Northern end drained
by brook; has rich alluvial soil.

Forest: At the northern end eighty-year to one-hundredyear old Rock and White
Oak, Hickory, and Sugar Maple, reaching a maximum height of H5 to 90 foot,

and a diameter, in the case of Maple, of 2 feet. The trees are straight and
clear boled, and yield in many cases two or tliroe saw logs. The remainder
of the compartment is .stocked with thirty-year to fifty-year old Oal<, Chest-

nut, Maple, Ash, Birch, Hickory, Elm, Ironwood, Eeech, Biisswo<xl, Pep-
peridge, and Hemlo.k.
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Fig. i*ii.—Northern part of New Jersey, sihowing the location of the forest work at Oakland.

Fk;. 111. Wood lot at Oaklaml, X. .f , sbowitiK tlic ilivisioiis.



WORK OF DIVISION OF FORESTRY FOR THE FARMER. 803

Density: In young timber, poor: in old timber, good. Average of the whole

division, 0.7. The density of a fully-stocked forest is 1.0.

Rcprinhiction: The entire division is covered v^ith a moderately thick under-

growth, of which about one-third is composed of young Maples, Oaks, and

Hickories, and the rest of shrubs.

Growth: Very good.
Division No. J.

Area: 9 acres.

Situation: Top of ridge, the eastern portion sloping toward the south.

Soil: Clayey loam.

Surface cover: Clumps and scattered individuals of Red Cedar fifteen to twenty

years old and about 10 to 12 feet high, with a few specimens of broadspread-

ing Oak and Chestnut growing near the old fence. Ground covered with a

firm sod.

Division Xo. 4-

Area: 12 acres.

Situation: Moderate southeastern slope.

Soil: Fresh clayey loam; northern i^ortion swampy.
Forest: Oak ( White and Black) , 50 per cent; Hickory, 20 per cent; Pitch Pine. 7 per

cent; other species (Black Birch, Ash, Red Maple, Cedar, Butternut, Hemlock,

Elm, Yellow Poplar, Aspen, Pepperidge, Beech, Ironwood, Mulberry, Bass-

wood), 33 per cent. The greater proportion of the timber is sixty to eighty

years old; the largest trees, eighty to ninety years; the Pine partly about

sixty and partly about thirty-five years. Average height, 60 feet. Average

diameter of all trees over 8 inches, 10.6 inches. Pitch Pine occurs on a ridge

on the south side, and there the forest is open, with dense underbrush. Many
trees arc dying. In the swamp on the north side are numerous Pin Oaks

and River Birches. In general, the trees are straight and clear boled.

Density: For the whole division, 0.7. On the northern edge are several large

openings where the underbrush is dense.

Repro(lHctio)i: Fair, but hindered in iilaces by a dense growth of Green Osier,

Dogwood, Ironwood, Spicebush, etc.

Grouth: Very good.

Division No. 5.

Area: 15.9 acres.

Situation: Northwestern slope, mostly gradual, but at lower end 10' to 15'.

Soil: Well drained, fresh clayey loam, covered with numerous stones and bowlders.

Forest: Fortj'-year to fifty-year old Black, Rock, and White Oak, Chestnut. Hick-

ory, Black Birch, Ash, and Butternut, chiefly of sprout origin, with scattered

large trees seventy to ninety years old, the latter grown from the seed. About
10 per cent of the forest crop is composed of Red Maple, Hemlock, Red Cedar,

Pepperidge, Pitch Pine, Buttonball, Beech, Aspen, Elm, Ironwood, Bass-

wood, and Black Cherry. Average height, 60 to 65 feet. Average diameter

of all trees over 8 inches, 11.5 inches.

Density: For the whole division, about 0.6. At the southwestern corner there

is a dense growth of Red Cedar and small trees.

Reproduction: Very good. A large (luantity of Rock Oak. Hickory, and Ash
seedlings, and scattered small specimens of other species. Underbrush scanty,

probably on account of the grazirig of cattle.

Grout It: Good.
Division No. <>.

Area. 3.4 acres.

Situation: Gradual southwestern slope.

Soil: A fresh, or in portions moist, clayey loam. A small stream at tlio eastern

end.
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Forest: Oak (chiefly White), oO per cent; Hickory, 9 per cent; Ash. 8 per cent;

Elm, 8 per cent: Red Maple, 8 per cent; other species (Black Birch, Chestnut,

Bntternnt, Cedar, Yellow Poplar) , 17 per cent. Average age, about fifty years.

Average height, 40 feet. Average diameter of all trees over 4 inches, 7 inches.

About half the trees are of seedling origin and half sprouts.

Density: On about half the area, 0.8, with trees straight and clear boled; on the

remainder, not over 0.4, with several large blanks, and with scrubby trees.

Eeproductioii: In the less dense portions there are many Oak seedlings. In open-

ings the ground is covered with grass, and seedlings are few.

Groirt]i: Good.
Division No. 7.

Area: 3.5 acres.

Situation: Slope of 5'^ to 10"^ toward the northwest.

Soil: Fresh clayey loam covered with rocks.

Forest: Thirty-year to fifty-year old Chestnut, chiefly of sproiit origin, mixed with

Oak, Black Birch, Hickory, Black Cherry, Elm, Butternut, Red Maple, and
Aspen. Average diameter (over 8 inches), 11.3 inches; greatest diameter for

Chestnut, 31 inches.

Density: In places rather open, and with one large blank in center of division.

Reprochtrtion: Excellent for Rock Oak, and fair for White Oak.

Grotcth: Good.

ESTIMATE OF GROWING STOCK.

All timber on the wood lot larger than 4 inches in diameter was measured with

calipers. In the absence of American tables for estimating standing timber,

Behm's "Massentafeln" were used. They give the contents of European hard-

wood trees of different species, heights, and diameters. Due allowance was made
for the differences in species and in the character of the forest. The following

tables give the contents of the standing timber over 4 inches in diameter, together

with the annual rate of increment:

Estimated contents and annual groirth of standi luj lind'cr.

OAK AND CHESTNUT.

Num-



Yearbook U. S. Dept. of Agdculturp. 1898. Plate XXI,

Fig. 1 . a THRIFTY White Oaks, O- \. J.

Fig. 2. -White and Black Oaks and Hickory. Oakland, N. J. 'Black Oak on the
RIGHT WILL BE REMOVED.)





Yearbook U S. Dept. of Ae;ncultiii«! 1F9fi Plate XX;I.

Fig. 1. Black Oak, Oakland, N. J.

Fig. 2. Black Oak Sprouts, about Fifty Years old, Oakland. N. J.





Yearbook U. S. Dept. of Agnculture, 1898. Plate XXIll.

Fig 1.—a Group of Oaks, Oakland. N. J. ^Improvement Cutting needed.

Fig. 2. Scattered Red Cedar on an old Pasture. Oakland. N j.
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Estimated contents and annual growth of standing timber—Continued.

HICKORY AND PINE.
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By this method the average annual growth '<vas found to he: For Oak, 2.2 per

cent; Chestnut, 8 per cent; Hickory, 1.9 per cent; Pine. 1.9 per cent; other trees,

1.9 per cent. These averages show the actual growth of the wood, and are used to

determine how much can be cut without injury to the forest. They do not repre-

sent the interest on the capital value oi the land, for as the timber becomes of mer-

chantable size its increase in value is greater than the growth in volume. If the

above averages are applied to the total number of cubic feet on the wood lot, a3 is

done in the above table, which gives the estimate of the growing stock, it will be

found that the wood lot is producing annually

—

Cubic fee*.

Of Oak - - -. 937

Of Chestnut - - C79

Of Hickory 265

Of other material - 323

Total -"T .- 2,204

Tlie annual growth is, then, for the 41 acres on which the timber is of merchant-

able size, 2,C04: divided by 41, or 53.7 cubic feet of solid wood, or six-tenths of

a cord per acre. On the whole 41 acres the annual increase is 24.6, or. in round

numbers, 2.'3 cords.
M.A.RKET.

The wood lot is situated about 1| miles from the railroad station and is connected

with it by a good road. There is a constant market at and in the vicinity of Oak-

land for cord wood, logs, ties, and hoop poles. Provided a snfBcient amount of

material is taken out at one time, there would be no diihculty in selling the tim-

ber on the stump. The following average stumpage prices are quoted by operators

at Oakland:

Oak logs per thousand board feet. .. SO. 00

Hickory logs - do.... G.OO

Chestnut logs do 4.00

Ties each . . . 25

Hoop poles per hundred. . 1. 00

Cord wood per cord.. 1.00

It is customary to allow about 25 per cent for lapwood (branches), which will

bring not over 50 cents per cord.

OB.JECT OF MANAOKMEXT.

The object to be reached in the management of the forest at Oakland is to make

it yield a fair rate of interest on the capital invested through the use of methods

of cutting by which its preservation, welfare, and increasing productiveness «hall

be secured.
PRESENT METHODS OF CUTTING.

At i)resent woodlands in this neighborhood are cut in one of two ways: (1 ) The

land is cleared; (2) trees are selected here and there for special purposes.

Under the first system not only the mature timber is cut, but with it a large

number of young thrifty trees which make but little showing in the present

product, yet in a comparatively short time would bo large enough for logs and

tie.s. The second growth consists largely of sprouts, and twenty-five to thirty

years must elapse before the land will yield a crop of cord wood, or upward of

sixty to eighty years for logs and ties.

In the present instance the owner of the woodland does not desire to convert the

standing timl)fr into money at once at a sacrifice of the producing power of the

forest. Ho iirefers to hohl a certain amount invested in standing timber in order
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to utilize to its full extent the productive capacity of the land. The returns will

be obtained at shorter intervals and will in the long run amount to much more
than if the land is cleared under the ordinary system.

The second method is similar to that recommended in this working plan, except

that under the proposed system the thinnings will be made with s])ecial reference

to improving the timber which is left on the ground and to seeding t};o openings

to valuable species.

METHODS OF CUTTIXO RECOMMENDED.

Two kinds of cuttings will be xi-cd in harvesting the timber at Oakland. First,

the old timber will be cut as soon as it is of merchantable size, but the trees will

be selected so that the openings left by their removal shall I e seeded to valuable

species. This is called a reproduction cutting. Second, the whole wood lot will

be thinned annually or periodically for the purpose of harvesting the increase and

improving the timber which remains. This is called an improvement cutting.

Reproduction cuttings.—It has already been stated that there are large num-
bers of small seedlings in the forest. The reproduction cuttings take advantage

of this young growth, and when the merchantable timber is removed an opportu-

nity is given for the seedlings to develop. Where the young growth is scanty the

cuttings are located with reference to seed trees, so that young growth of valuable

kinds may follow. (See PI. XXI, fig. 3.)

Improvement cuttings.—There are in the forest many crooked and scrubby

trees of valuable kinds and several species of little value, as well as the straight,

thrifty Oaks, Hickory, Chestnut, and Ash. It is the purpose of the improvement
cuttings to weed out the undesirable trees, so that the ground will eventualh' pro-

duce only thrifty specimens of the most useful siiecies. (See PI. XXIII, fig. 1.)

These trees in almost all cases can be cut at a profit. In practically all remain-

ing cases they can be got rid of without loss. This working plan does not con-

template any expenditure which will not be met, or more than met, bj' the return.

The trees which sl)Ould be removed in this way are:

(1) Old, scrubby trees which have broad crowns and are crowding young,

thrifty growth.

(2) Defective and dying trees which will soon be past their usefulness.

(3) Less desirable species, as Red Maple, Pepperidge, Beech, etc., which are

crowding more valuable trees.

(4) Dead trees; if not possible to sell this material, it is probable that some one

could be found to cut it for the wood.

DETAILS OF CUTTING PLAN.

The vv'orking plan is made to cover a period of ten years. Those portions in

which no cutting will be done during this time are left out of account in the

schedule below. It may be said, however, that the timber on Division No. 1 will

be large enough for cord wood in about twenty years, and it is estimated that at

that lime there will be between 27) and 30 cords per acre. The scattered Red
Cedar on Division No. 3 will be large enough for posts in about thirty years.

(See PI. XXIII, fig. 3.) At that time the ground will probably be covered with

young growth of other species, which is ah'eady beginning to come xip in the

open portions.

It has been shown that the annual increase on the 41 acres covered with large

timber is 34. G cords, or the growth for ten j'ears 346 cords. That amount may,
therefore, be cut during this period without trenching on the producing capital

of the forest.

The owner of the forest dosii'es to sell the timber, so far as possible, on the stump.

Since a better contract can be made when a considerable amount of timl'er is
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removed at one time, it is proposed to cut the majority of trees suitable for saw
lumber in one year. This timber is to be removed in reproduction cuttings, and
the total amount of it, including tops, is 1.'35 cords. It is estimated that the sum
total of the openings made hy the removal of this timber would be 4 acres. If

this s)'stem of cutting were extended indefinitely, and 4 acres were reproduced

every ten years, the whole tract of 41 acres would have been cut over in about

one hundred years. At that time the seedlings now established would be one

hundred years old. In other words, the rotation of the timber would be one hun-

dred yer.rs. The Chestnut and Ash would in many cases be ready for the ax in

less than one hundred years, but they would be counterbalanced by other species

which it would be advisable to leave longer than this period.

It is proposed to cut 115 cords in the next ten years by improvement thinnings.

The amount to be removed from each division is given in the schedule fol-

lowing. The various amounts have been determined according to the needs of

the forest. It would be most profitable to cut this material in one year, but for

the good of the forest it will be better to thin twice during this period. In the

latter case about one-half should be cut at the same time as the reproduction

cutting and the remainder in about five years.

Schedule, or special ivorldng plan, for ten years.



UTILIZING SURPLUS FRUITS.

By G. B. Brackett,

Pomologist.

BEST DISPOSITION OF FRUIT AN IMPORTANT QUESTION.

How best to dispose of a crop of fruit and prevent waste is a very

important matter for the consideration of all practical fruit growers;

and it means a great deal more than appears at first thought. When
applied to our nation's fruit industry, it presents for consideration

the product of large areas, upon which large amounts of money and

labor have been expended. Upon the economic and profitable dispo-

sition of the product depends the financial success.

It is well known to every culturist that a crop of fruit can not be

grown that will be first class in its entirety. There always will be

more or less of inferior product in all crops, which should never

be placed on the market to compete with the higher grade fruit.

Such a use causes a glut in the market, which depresses the price of

both grades, and leaves no margin of profit on either; hence, the

necessity of providing for tlie disposition of inferior grades in some
other way to the best advantage possible.

Again, markets may at times become glutted to such an extent as

to afford no profitable sale for even first-class products in their natu-

ral state, thereby resulting in more or less loss, unless they are

prepared artificially in some other commercial form.

The proper solution of this question has great weight in its relation

to the early ripening products, and especially those of a quickly

perishing character and which require immediate consumption or

preservation to prevent loss.

It always should be borne in mind by the producer tliat each bushel

of apples, pears, peaches, etc., of the tree fruits, and each quart of

blackberries, raspberries, strawberries, etc., of the class known as

small fruit, represents a specific cost and outlay of money; hence,

every measure of any kind of fruit product allowed to go to waste

is a loss of just so much invested capital.

Considering these matters in all their relations to the fruit industry

from an economical standpoint, it is readily seen how important it is

that provision for the utilization of the entire crop in some form or

other should be at hand and ready for immediate use on all fruit

plantations, more especially on those remotely situated or otherwise

inconvenient to markets.
809
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PROCESSES FOR SAVING THE CROP.

The several processes wliicli are now in nse and regarded as effi-

cient to preserve a crop and put it in commercial form are:

(1) Sun drying or evaporation with artificial heat.

(2) Canning.

(3) Exti-acting of the juice.

If a plantation is too remote from a market or a preserving factory

to justify carriage of the fi'uit, it will be necessary to work the entire

crop at the plantation into concentrated commercial form through the

use of one or all of the processes above mentioned.

In some localities all the product of an apple orchard, excepting tlie

first-class fruit (which will generally find a ready sale), may be profit-

ably'^ worked into cider for beverage uses and into vinegar.

The product of peach, i^ear, and plum orchards, in case the first

grade does not find readj^ sale in its natural state, can be saved from

waste through the processes of evaporation and canning.

The product of small fruit plantations, being quickl}- i:)erishable,

requires immediate disposition, either in its natural state or preser-

vation by evaporation and canning to prevent losses. In seasons of

great fruitfulness there generally occurs a glutted market, and despite

the best efforts of agents and commission houses some large sliipments

are lost in part or in whole which might be saved by evaporation and
canning.

EVAPORATION.

It is not the intention to go into details in this paper, but to treat

the subject in a general way. Evaporation is the most economical

and profitable process known for the preservation of fruits, and has

almost whoU}' sui)erseded the old process of sun drying. It is suitable

for all kinds of orchard products and some classes of small fruits, and

when properly conducted gives to the fruit the best conditions of a

healthful food. Compared with sun-dried, the fruit preserved by
evaporation will keep better, is more nutritious and digestible, less

acid, and commands a better price in market. Evaporated fruit, by

its cheapness, is within the reach of all the people, and thus is

reganled as the most economical form for general use. The importance

and economy of any process which will safely preserve the products

of our orchards can hardly be estimated, but the one wlncOi will give

the best results with tlie least waste is the ime thatshouhl receive the

greatest attention. The changes that take place and the product

resulting from tliose changes are the same in all slow processes of

drying, whether in the sun or by some of the imperfect evaporators

tliat liave be<!n in use. In order to secure tlie best results of evapora-

tion it is necessary to run the temperature as high as possible without

injury to the fruit and to keep the air in rapid circulation throughout

tlie chamber. It is under these conditions that the slight chemical
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changes in perfectly evaporated fruit take place, the albumen, instead

of being slowly dried, will be coagulated, and greatly assist in the

preservation of the fruit Avitli all the richness and flavor it possessed

in its natural state.

Treatment of the fruit.—Apples are generally peeled, cored,

and dried by the use of machines adapted to the purpose. They are

put upon trays, submitted or not, according to choice, to the fumes of

burning sulphur for a very few minutes for the purpose of bleaching,

and are then passed to the evapoi'ator, where the temperature is suffi-

ciently high to produce the desired results.

There are some who object to the bleaching process, and perhaps

with justification, at least if the treatment is excessive, so that if the

consumer consulted the sense of taste rather than the gratification of

sight there would be less demand for the bleached product.

Pears aud i^caches are usually cut in halves and evaporated with or

without being peeled, and may or may not be submitted to the bleach-

ing process, according to circumstances. Plums or prunes are treated

somewhat differently from most other fruits, and especially is this

true in regard to the ripeness of the fruit. For evaporating, it should

be allowed to remain on the tree until ripe enough to fall to the

ground of its own weight, and some even allow it to remain on the

ground some time after it has fallen. It is then gathered and passed

over graders, which separate it into several grades or sizes and at tl>e

same time remove leaves and all other foreign matter, after which it

is placed in bins to remain a short time for further ripening. It is

now ready for treatment and curing. There are two methods prac-

ticed in curing prunes, about which there is a diversity of opinion.

One is what is known as the dipping process, wdiich consists in

immersing the fruit for a few minutes in a solution of concentrated

lye in the proportion of 1 pound of lye to 12 gallons of water heated

to the boiling point and maintained at that point during the dipping.

The fruit, having been jilaced in wire baskets, is dipped in the solu-

tion, then taken out and rinsed in pure water to remove all traces of

lye and other impurities, placed upon trays, and put into the evapo-

rator. The advocates of this i)roeess claim that the fruit dries more
quickly, thus causing a saving in expense.

The other method is without dijiping in the hot solution. The fruit

is taken from the bins, each grade being kept separate, thoroughly

rinsed to take away impurities, then spread uniforml}' on traj's, aud
at once j)ut into the evaporator. Those who advocate this method
claim that the cured product is superior in all respects to the dipped

fruit and commands a higher price in the market, more than enough
to offset the extra expense of drying.

The time of exposure of the fruit in the evaporator must be deter-

mined by observation and experience and the degree of heat. From
twenty to twenty-four hours is the average time required for drying.
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If exposed too long it not ouly lessens the weight of the product, but

injures the quality; if not long enough, the result will be fermenta-

tion and mold.

Grading.—After the trays are removed from the evaporator the

fruit is put into binSj where it is stirred occasionally and allowed to

remain until it has i^assed through the sweating process. In the case

of prunes, they are passed over a grader, which separates them into

the different grades, as 20's to 30's, 30's to 40's, and so on, according

to size, the grades indicating the number of dried i^runes to the

pound. Evapor.ated apples are graded according to quality and aro

sold on the mai'ket under three different brands, the best as " Fancy "

second as " Choice," and third as " Prime." None ])ut the best qual-

ity of white-fleshed varieties should be used for the highest grade,

"Fancy."

Chops.—After using the main crop of apples for the three grades

above mentioned, there still remains a lower grade that can not be

worked into the above-mentioned class, but which can be profitably

utilized b^' chopping the whole fruit without peeling or coring into

coarse pieces and converting it by evaporation into what is known as

"Chops." This has a considerable commercial value for export

purposes.

Cores and skins.—In the preparation of apples for evaporation the

saving of the cores and skins is an additional source of profit accru-

ing from the commercial disposition of the orchard products. This

nuiy be accomplished by evaporation under the same treatment given

to the solid parts of the fruit. "When properly cured they become an

article of commercial value in the home and foreign markets, and are

used in the manufacture of jellies and wines.

Evaporators.—Many different kinds of evaporators are now
offered for sale, and upon the right selection of one of the many suc-

cess greatly depends. Careful investigation of the various machines

should be made before iiurchasing, with a view to finding the one that

will produce the best results at the least cost, and of such capacity as

shall meet the wants of the purchaser. Great improvements have

been made in evaporators since their first introduction; lience, the

necessity of a thorough study of the latest and most improved. There

are two piinciplcs or methods involved in tln^ process of evaporation

as now practiced; one is b3'tho use of healed air made to circulate as

rapidly as possible thi-ougliout the box or loom in which tlio tiays of

fruit are jilaced, and flic other is l»y means of steam i)i|)('s passing

back and forth through the chamlx'r of tlie evaporatoi-. This hitter

method is of comparatively recent introduction, and is found to be

the most economical and satisfactory where the business is carried on

extensively. Th«' licat is moro evenly distributed tr) all parts of the

room ;iM<l I h«; temperature is unifoi-ni, avoiding;' all danger of scorching
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the fruit, which is liHl)lc to occur in the use of hot air, where some
of the trap's are in close proximity to the fire. The use of steam will

no doubt in time supersede all other methods. But whichever method
is used, if the heat is not sufficient or the circulation of air imperfect,

the product will not be of the best quality of evaporated fruit, but

will instead be more like the sun-dried article, dark colored, tough,

with less of the natural flavor, and the juices may have undergone a

slow process of fermentation.

CANNING.

The canning process is so simple and generally so well understood

in its application to fruits and vegetables that it seems hardly neces-

sary to go into extended details on the subject. The fundamental
princij^le involved is that of sterilizing or destroying the microbes of

fermentation b}^ the application of heat. Fruits properly preserved

in this manner retain much of the natural flavor and richness and
are both healthful and nutritious. Almost every household in the

rural districts may have at hand ready fo]- use all the necessary can-

ning material for putting up a sufficient supply of fruit for liome

consumption. AVith a little experience and study of the methods,

evei'y housewife n\Ry become a proficient canner, and thus be able to

save much of the fruit that otherwise would be lost. Tin cans are

much less expensive and surer of success than any other. They may
be sealed with wax prepared for the purpose, but cans sealed in this

way will only do for home use, as they will not stand transportation.

The safe and only method Jfor sealing cans for commercial purposes

is by soldering the caps, by which more thorough sterilization may be

effected. As heat is the all-important factor in destroying ferment

germs, it is essential that these principles be understood in order to

insure successful work. The fruit after being prepared substantially

the same as for evaporation, and after the addition of a sufficient

amount of sugar to sweeten to taste, should be submitted to a boiling

heat until thoroughl}^ scalded through, and put into the cans at once,

filling them as full as possible and sealing immediately, making them
absolutely air-tight.

In canning, a lower degree than 212° F. is generally unreliable, and
as this degree applied only for a sufficient length of time does not, as

a rule, unduly cook ordinarj'^ fruit, it ma}' be adopted as a safe

standard.

All classes of fruit may bo preserved by this process, but it is

especially satisfactory for such fruits as peaches, pears, and all kinds

of small fruits.

It is therefore a valuable aid in the absence of a convenient market
in saving the surplus of a crop or any portion of it which may become
overripe.
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EXTRACTING THE JUICE.

This Riight properly be termed the clearing-up process as generally

followed. All culls and tailings of the crop arc dumi^cd in the stock

to be worked up for cider and vinegar, as it is not often necessarj^ to

work up by this process any of the first and second grades to save them
from waste. A market can general]}' be found near by for all firm,

first-class fruit, and canneries and evaporators are common at every

town throughout the rural districts, Avhich offer a market for all

second-grade fruit; hence, it is the third grade, composed of dam-

aged and refuse fruit, that tliis process saves to the grower.

Cider.—Cider, for a beverage, to be healthful and palatable, should

be made from clean, sound fruit, and of varieties that contain the

essential constituents for making a first-class article.

All worm-infested, half-rotten, and immature fruit should be thrown

out to be worked with the stock for vinegar, and the manufacturer

should bear in mind that his goods should bo a wholesome as well as

a palatable beverage. Neatness and care in this line are as important

to the consvimer as in any other manufactured pure food.

The process consists in grinding or grating the fruit sufiiciently fine

to jiold up its juice readily under proper pressure.

There are various kinds of machinery manufactured for use in cider

making, but one that will extract the juice most thoroughly is the one

that will be most profitalile.

In selecting machiner^^ the efliciencj' of a j^ress is as important (if

not more important) as that of a grater, for, no matter how thoroughly

the pulp may be reduced, if the press power be insufl&cient more or

less v>'aste will occur in extracting the juice.

Fermentation.—It is a well-known fact that fermentation is due to

the growth of certain fungous yeast plants in the ferinenting fluid,

and it is from this knowledge that an explanation is afforded for manj-

of the difficulties that arise in the process and which point out the

means best adapted to meet them successfully. The condition most

favorable to the i-apid growth of those plants, such as juices rich in

saccharine matter and a warm temperature, produce a quick, active

fermentation, whereas the watery juices deficient in glucose cause

them to grow so weakly tliat a slow fermenlation sets in and creates

great difficulty at first to increase its activity and afterwards* to

arrest it.

The fermentation of cider, as described by Downing, is conducted

as follows: The newly filled casks, with their bungs out, are placed

either in a cool cellar or in tlie open air, and as the scum works out

tlie barrel is kept filled with some of the same must reserved for this

purpose. In a few days tlie rising will commonly cease, which indi-

cates that the first fermentation is over. The bung is now closed,

and in two or three days driven in lirmlv, leaving a small venthole



UTILIZING SURPLUS FRUITS. 61

Open, wbicli should also be stopped a few days later. The clear cider

is now racked off by siphon into a clean cask, and if in a few days it

is found to remain quiet, a gill of finely powdered charcoal is added

to each barrel, when it is closed and left until spring. In March it is

again racked off, and if the cider is not quite bright, three-quarters of

an ounce of isinglass, previously dissolved, is added to eacli barrel.

In a few days it will be fit for bottling, and this may be done at any

time up to May.

Orchard Brandy.—Another ijroduct of the orchard may readily

be obtained from the refuse of apples, when it is thought desirable to-

do so, just as it is from that of grapes after wine making. The pomace

from the press is added to the lees in the first racking, with a suf-

ficiency of water, and refermented. As soon as the active fermen-

tation is over and the lees settle to the bottom, the spirits may at once

be distilled from the liquor, or it may be distilled with better results

from the cider after the first fermentation of the must. In either

case the distillation should be effected by means of the water bath,

or the brandy will have a rancid taste. The brand}' will vary in

flavor and strength according to the richness of the must and the care

with which it has been made.

^'IXEGAR.—The manufacture of vinegar does not in its first stages

exact the same care in treatment as that of cider. The process of

grinding and pressing is the same. The juice is placed in vats or

casks and exposed to tiie action of the air, which causes it to undergo

vinous and then acetic fermentation. After remaining in this condi-

tion for a sufficient length of time it should be di-awn off into clean

casks, care being taken to prevent tlie sediment from entering with

the juice. In these new vessels it must still be exposed to the action

of the air until acidified, when it should be again drawn off into clean

casks, the same care being observed regarding the sediment. In this

second set of new vessels it must still be exposed to the action of the

air until thoroughly acidified, when it should be again drawn off and

closed up tight to prevent putrefactive fermentation.

Vinegar, jjure and wholesome, is generally made from apples and

grape juice, although an equally' fine article may l)e made from refuse

pears, cherries, and other fruits.

Fruit Juices, Unfermented Wine, and Fruit Sirups.—These

may be put up and preserved by the same process as described for

canning fruits, but glass jars or bottles are preferable to tin for this

purpose. For the best results, such fruit juices shouhl be carefully

expressed, strained, and kept quiet until well settled, and only the

decanted pure juice canned or bottled. All such preserved fruit

juices make delicious, wholesome, and nourishing nonalcoholic sum-

mer drinks. They have an appetizing value in cookery. Tlie demand
for such goods is constantly increasing.
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Jellies.—This is ono of the most tasty and attractive forms in which

fruit is put upon the market. Jelly is made from pure fruit juice and
sugar in equal proportions. Apples, quinces, apricots, plums, grapes,

strawberries, etc., may be used in its manufacture. Fruits for jellies

should not be overripe, and should contain a certain amount of pectic

acid, a gelatinous substance soluble in fruit juice, but which, when
combined with sugar, exposed to heat for a certain time and then

cooled, causes the juice to coagulate, thus forming jelly.

There are many jelly manufactories in the United States at present,

and the annual output of the jelly tra<le has been estimated at

20,000,000 pounds. The business is a profitable one, and the demand
for the product is annually increasing, its low price enabling all to

indulge in it. The larger part of the jelly now made is from the

apple. Much apple jelly flavored with other fruit flavorings is sold

for the jelly of fruits less disposed to form jell^^

UTILIZING THE FALLEN PRODUCT.

Through the attacks of insects, which become numerous in some

orchards, and through violent windstorms and severe di-oughts, a por-

tion of tlie product will prematurely fall and be wasted unless means
are used to save it.

This fallen fruit is unfit for any purpose except for swine food, and

it is therefore advisable to tuim hogs into the orchard to forage upon

it, thus converting it into a food for an animal having a commercial

value, and at the same time causing the destruction of the infesting

insect larvie and preventing the future increase and spi-cad of such

damaging agents.

Thus, it will l>e seen that there is no necessity for any waste occur-

ring in any portion of the product of an orchard under economical

management, as all parts of the fruit may be profitably saved ])y the

several methods presented.

What has been said has been more especially in regard to s<iving

the product of the smaller or family orchard, but the principles

involved are the same whether applied to large or small establish-

ments, and the means may be provided according to the necessity of

tlu^ larger or smaller operation.



CONSTRUCTION OF GOOD COUNTRY ROADS.

By Maurice O. Eldridge,

Assistant in Office of Road Inquiry.

INTRODUCTION.

As "the road is a type of civilized society," it becomes the duty of

every enlightened nation to solve the great questions of road con-

struction and maintenance to its own satisfaction and good. Rome's
greatness marked an era in road construction which was never before

surpassed, and which has been equaled only in the present century
and in the most civilized countries.

The condition of the public roads in tlio United States is probably
worse than in any other civilized country in the world. This condi-

tion is due largely not only to the undeveloped condition of the coun-

try and to the allowing of local circumstances to determine location,

etc. , but to the lack of knowledge on the part of many road officials

as to the primary principles of road construction, resulting in the

injudicious use of millions of dollars of the i^ublic money annually.

Quoting an eminent authority, "The increased cost of haulage
actually done is by no means the only loss resulting from bad roads.

The loss of i)erishable products for Avant of access to market, the

failure to reach markets when prices are good, and the failure to cul-

tivate products which would be marketable if markets were always

accessible, add many millions to the tax of bad roads," not to speak
of the detriment to social communication, education, and religion.

In fact the movement for good roads deeply concerns every commer-
cial, financial, and social interest in the land. " We are liandicapped

in all the markets of the world by an enormous waste of labor in the

primary transportation of our products and manufactures while our

home markets are restricted by difficulties in rural distribution wliich

not infrequently clog all the channels of transportation, trade, and
finance."

PRESENT WORK TO BE CONDUCTED WITH A VIEW TO PUTURE
IMPROVEMENT.

All the important roads in tlie United States can bo and probably

will bo macadamized or otherwise improved in the not distant future.

This expectation should govern the present managenuMit of roads

everywhere; no labor or expense should be expended upon them
317



318 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

other than tliat wliicli loads to tlieir ultimate improvement as liard

roads.

Mail)' roads of this country were originally laid out without any
attention to general topograph}', and in most cases followed the set-

tlers' path from cabin to cabin, the pig's trail from his favorite nut-

l^roducing trees to his wallow in the mud and water of the swamps,

or the boundaiy line of farms regardless of grades or direction. Most

of them remain to-day where they wei'e originally located, and where

untold labor, expense, and energy have been wasted in trj-ing to haul

over them and in endeavoring to improve their deplorable condition.

It is a great error to continue to follow these primitive paths with pub-

lic highways. The proper thing to do is to call in a good road engineer

and have the location so changed as to throw the I'oads around the

ends or along the sides of the steejj hills and ridges instead of contin-

uing to go over them, or in raising the roads up on dry, solid ground,

instead of splashing through the mud and water of the bogs and creeks

in the lowlands.

LOCATION.

If a road goes over a hill when it might go around, the labor and

expense put upon it are absolutely wasted, and the sooner its direction

is clianged the better. If a road is not rounded up and surface drained,

it sliould be, not only for present use as an earth road but as a prelim-

inary to macadamizing. If it is not underdrained in all Avet spots,

this should be the first work done. Nothing indeed will pay better

for present use than putting in tile or stone drains.

In laying out a road, straightness should always be sacrificed to

obtain a comparatively level surface. Although this is one of the

most important principles connected with road building, it is one of

the most frequently violated. There is no objection to an absolutely

straight road, but graceful and natural curves conforming to the lay

of the land add beauty to the landscape besides enhancing the value

of property.

Good roads sliould wind around hills instead of running over them;

and in many cases this would not increase their length, as it is no

furtlier around some hills than over them. Moreover, as a general

rule, the liorizontal length of a road may be advantageously increased,

tf) avoid an ascent, liy at least twenty times tlio perpendicular lieight

thus saved; for instance, to escape a hill 100 feet high it would bo

better for the road to make such a circuit as would increase its length

2,000 feet. The reasons fortius aVo manifold, tlio principal one being

lliat a horse can jiull only four-fiftlis as much on a grade of 2 feet in

loo, and gradually less as the grade increases until with a grade of 10

feet in 1<>0 he can di-aw but one-fonrlh as iiincli as he can on a level

road.



CONSTRUCTION OF GOOD COUNTRY ROADS. 319

As a chain is no stronger than its weakest link, just so the great-

est load which can be hauled over a road is the load which can be

hauled up the steepest hill on that road. The cost oi; haulage is,

therefore, necessarily increased in proportion to the grade, as it costs

one and one-half times as much to haul over a road having a 5 per cent

grade and three times as much over one having a 10 per cent grade

as on a level road. As a perfectly level road can seldom bo had, it is

well to know the steepest allowable grade. If the hill be one of great

length, it is best to have the lowest part steepest, upon which the

horse is capable of exerting his full strength, and to make the slope

more gentle toward the summit to correspond with the continually

decreasing strength of the fatigued animal.

It has been estimated that a horse can i)ull better where the road

is slightly undulating; say, Avhere it has a level stretch, then a slight

grade not steeper than 1 foot in 125 feet, and following this a decline

of the same steepness, etc. In this way three different sets of muscles

are brought into action, and while the one is being used the others

are l)eing rested. It is hardly necessary to recommend the construc-

tion of roads according to this principle at present, as we are a long

way from even comparatively level ones. That the principle is a

true one, however, is proved by the fact that a bicyclist finds it easier

and more restful to ride over slightly undulating roads than over

absolutely level ones.

All things being considered, the horizontal grade of a road should

uever be greater than 3 feet to the 100, nor less than 1 foot in 125 feet.

DRAINAGE.

Inasmuch as all things are governed by nature's law, and nothing

by chance, we can only expect to secure economy by a strict observ-

ance and application of those principles which are in perfect harmony
with that law. Water will not flow up hill, neither will it flow off

into ditches when there are no ditches made for it to flow into; on the

contrary, water flows in that direction where the least resistance to

the hiAvs of gravity exists; if that is down the middle of the road, then

j'ou will find after each heavy rain the "tell-tale" gully. Writer,

being the greatest enemy of the road, it should flow freely off the

surface. This is accomplished by i^reparing the bed so that there

maybe a fall from the center to the sides of G inches, never exceeding

9 inches, on a road 30 feet wide; for a road 18 to 20 feet wide, from 3

to 4 inches is enough. A ditch should be constructed on either side

of the road to carry away easil}' and quicklj' all water from the road

and vicinit}'. Tliese ditches should have a continuous fall through-

out their entire length, and their size should depend upon the amount
of water thej^ are expected to carrj'. Water should never be allowed

to flow across a I'oadway; culverts, tile di'ains, or, if nothing l)cttor

can bo had, a hollow log slu)uld be pi'ovided for that purpose.
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In order to have good roads, it is just as necessarytliat water should

not be allowed to attack the substructure from below as tliat it should

not be permitted to percolate tlirough it from above. Especially is

the former provision essential in cold climates, wliere if water is

allowed to remain in the substructure the whole roadway is liable to

be broken up by frosts or destroyed by the wheels of vehicles. AVhere

roads run over low, wet lands or over certain kinds of clayey soils,

surface drainage is not all that is necessary.

Underdrains are easily and cheaply made and, when properly con-

structed with the best tools and materials available, will last for ages.

They should be about 4 feet deep and carefully graded at the bottom

so as to have a fall throughout their entire length of at least 6 inches

for each 100 feet in length. Tile drains should be used if possible,

but if they can not be secured, large flat stones can be carefully

placed so as to form an open channel at the bottom. Slim fagots of

wood or brush bound together in bundles and laid lengthwise at the

bottom will answer fairly well. The ditch should then be filled with

field stones, small stones, or gravel, or, if none of these can be had,

with soil. The drains should be protected by straw, sod, or brush, so

as to prevent the soil from washing in and clogging them.

THE SURFACING OF ROADS.

A great dilTerence in roads lies in the nature of their surface. On
a well-made gravel road one horse can draw twice as much as lie can

on a well-made earth road, while on a hard and smooth stone road he

can pull four times as much. Consequently, where we have good

gravel roads, instead of earth ones, it is possible to make one horse

do the work of two, while on stone roads one horse will do the work

of four. On a level steel road one horse can do the work of twenty

or more horses over a level common i-oad.

After a road has been properly located, graded, and drained, the

imi)ortaiJt (qualities of hardness and smoothness should by all means

be secured. The various surfaces for good country roads will be con-

sidered in the following order: Earth, gravel, and stone.

EARTH ROADS.

For earth roads, as commonly' built, there is little to be said. The}'

should be tolerated only in a new country or where there is absolutely

nothing l)ut earth of which to make thcni. Vet, with earth alone a

passable road can be made and maintained, if sullicient care is taken

to have it thoroughly rolled and drained and the surface kept in a

proper condition.

Whenever the subgrade soil is found unsuitable, it shouM ]>o

removed and replaced with good material rolled to a bearing. On

the i)n'pnn'd sMl)grad<» theeartli should be spread, harrowed if neces-

sary, and then rolled to a bearing.
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Fig. 1.—An Ideal Gravel Road in Soldiers' Home Grounds.
Washington, D. C.

Fig. 2. United States Object-lesson Road at Geneva. N. Y. 'Placing the
Macadam Foundation. i
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With narrow roads, enoiigli material may be excavated Ui raise the

roadway above the subgrade in forming the side ditches by means of

road maeliines. If material can not be secured as indicated, the

required earth should be obtained by widening the excavations, or

from cuttings on the line of the new roadway, or from borrow pits

close by. When the earth is brought up to the final height it is again

harrowed, then trimmed by means of road levelers or road machines,

and ultimately rolled to a hard and smooth surface.

No filling should be brought up in layers exceeding 9 inches in

thickness. During the rolling sprinkling should be attended to

whenever the charactei' of the soil requires such aid for its proper

consolidation. The cross section of the roadway must be maintained

during the last rolling stage by the addition of earth as needed.

On clay soils a layer of sand, gravel, or ashes spread on the roadway
will prevent the sticking of clay to the roller. The finishing touches

to the road surface should be given by the heaviest roller at hand.

Before the earth road is open to traffic the side ditches should be

cleaned and left with tlie drain tiling in good working order.

GRAVEL ROADS.

Where good packing gravel is easih' obtained, a satisfactory road

can be made by covering the prepared surface for a greater or less

depth with this material. (See PL XXIV, fig. 1.) Blue gravel or

hardpan and clean bank gravel, when properly ntixcd and placed,

give a surface almost like concrete in hardness.

The most excellent gravel for road building stands perpendicular

in the bank, compact and firm, and can not be dislodged except by
use of the pick, and when it is dislodged falls in great, solid chunks.

Such material contains just enough cementing properties to enable it

to readily pack and consolidate, and when properly placed on the

prepared roadbed makes a surface which possesses most all the quali-

ties of a good stone road. Rounded or water-worn gravel should never

be used for the surfacing of roads, as such gravel remains loose and
shifting, like materials in a shaken sieve. For the wearing surface

gravel should be comparatively clean, hard, angular, and tough.

Such gravel is easily consolidated, and will not readily i)ulverize into

dust and mud.
The foundations for stone and gravel roads are too often neglected.

It is well to remember that without a durable foundation there is no

durable road. The cross section of the foundation should conform to

that of the finished road, and should bo so thoroughly rolled that

wagons passing over it make no perceptible impression.

A layer of gravel not less than 4 inches nor more than G inches in

thickness should then be spread on, sprinkled thoi-oughly, and rolled

until very compact and firm. Next, spread another layer of the best

gravel available over the surface to a deptli of not exceeding 4 inches.

1 a98 21
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All inequalities, together witli stone and gravels exceeding three-

fourths of an inch in diameter, should then be raked out. It is

again sprinkled and rolled until the desired hardness and smooth-

ness are obtained. The roller is doubtless the most important piece

of machinery connected with the building and maintaining of roads,

and it is well to remember that it can not be used too often, especially

in the spring, when the frosts and rains are so destructive.

KTONE ROADS.

The advantages to be derived from good stone roads are so manifold

that all other material should be discarded where tough road stone is

available for their construction and maintenance. But it is greater

economy to use earth or gravel than to go to the expense of macadamiz-

ing roads with too soft, too brittle, or rotten material. Many use this

because it is more easily prepared. A road should never be surfaced

with anything short of trap rock or serpentine. Inferior material may
often be used with impunity for.the first layer or foundation, but even

this should be selected with great care.

The evils resulting from improper construction of stone roads are

even greater than those from the use of improiDcr material. John L.

Macadam never intended that a heterogeneous conglomeration of stone

and mud should be called a macadam road. Neither did he intend

that the name should be applied to roads constructed of large and

small stones mixed together and spread upon the surface. The sur-

face of a road built in this manner is constantly disturbed by the

larger stones, which Avork to the surface and which are knocked hither

and thither by the wheels of vehicles and the feet of animals. Such

methods of construction can not be too severely condemned.

PROPER CONSTRUCTION OF ROADS.

Broken-stone roads may be conveniently divided into two classes

—

macadam and telford. The jirincipal difference between these two

constructions is as to the propriety or neccssit}' of a paved foundation

beneath the coating of broken stone. Macadam denied the advantage

of this, while Telford supported and practiced it. This point will not

bo argued here, but it is suggested that good judgment should be used

in the selection of one or the other of those systems. The macadam
system is the best under some con«litions, while the telford is more

advantageous under others. The latter system seems to have the

advantage in swampy, wet places, or where the soil is in strata vary-

ing in hardness, or whoro the foundation is liable to got soft in spots.

T7ndor most other (Mrcumstances oxperionood road builders prefer the

maoadam construction.

The earth foundation for oith<M- system is identical. It should ha\o

the same slopes from center to sides as the finished road, with suHi-

cient shouldering to hold the stone in place at the sides. All vegetable
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matter should be removed and the earth made ijorfectly smootli and

of uniform quality. It should then be thorou<2fhly rolled until hard

and dry.

MACADAM.

The first course or foundation of the macadam road can be made of

the coarsest stones from the crusher, provided that lhe\' are of uniform

size, and that each stone shall weigh not over G ounces, and will pass

through a 2^-inch ring. (See PI. XXIV, fig. 2.) Where the road is

to be 8 inches thick this foundation should be 4 inches after rolling.

If the road is to be of gi'eater thickneso than 8 inches, the foundation

should be composed of two courses, sepai-ately rolled.

After having thoroughly rolled this foundation apply enough ground
stone or coar,se sand to fill the interstices. This should be wetted

and thoroughly rolled until a hard and uniform surface is obtained.

Upon this foundation the surface material should be placed, wetted,

and thoroughly rolled. The stones of which this surface material is

composed should be, if possible, crushed to a size of 1 inch in diame-

ter, but if that is not possible they should never be larger in diameter

than 1^ inches.* Ground-stone screenings should then be spread upon
the surface, wetted, and rolled as before, until a hard, smooth surface

is obtained. (See PI. XXV, fig. 1.)

TELFORD.

The telford foundation is composed of stones of various sizes, not
exceeding 10 inches in tength and G inches in breadth on the broadest

side, nor 3 inches in thickness on the narrow side. These stones are

placed lengthwise across the road, breaking joints as near as possible;

the interstices are filled with stone chips, all projecting points are

broken off, and the whole structure is wedged, consolidated, and
made as firm as possible. (See PI. XXV, fig. 2.)

In case the finished road is to be 10 inches in thickness, this founda-
tion should not exceed G inches in depth. If large stones are used,

so as to necessitate a greater thickness than G inches, there should
always be an allowance made for a -l-inch broken-stone surface.

This foundation should be covered with coarse sand or stone screen-

ings, or if neither of these can be obtained, fine loam may be used, so

that all voids may bo filled and the whole brought to a hard and uni-

form surface by thoroughly rolling. A layer of broken stone is then
added and treated as in the macadam system. Where the funds
will permit and the trafilc rcciuires it, a regular two-course macadam
surface may be i)laced ui^on the telford foundation with good result.

' Macadam declared that a stone of over 1 inch in diameter was detrimental in

a road, as it had a tenilency to tip when tho wheels came over it, and thns move
the adjacent material. This rule does not apply to the foundation material,

however, as he allowed C-ounce stones therefor.
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ROAD MAINTENANCE.

Without proper care the most expensive road may go to ruin in two

or three years, and the initial expense of constructing it bo nearly

lost. It is of greatest importance, therefore, that all good roads should

have daily care. They not only wear out, but wash out and freeze

out. Water is the greatest road destroyer.

It is necessary to the proper maintenance of a road that it should

"crown" or be higher in the middle than at the sides. If it is flat

in the center it soon becomes concave, and its middle becomes a pool

or a mud hole if on a level or a water course if on an incline.

A hollow, rut, or puddle should never be allowed to remain, but

should be evenly filled and tamped with the same material of which

the surface was originally constructed. A rake should be used freely,

especially in removing stones, lumps, or ridges. Ruts may be avoided

by using wide tires on all wagons which carry heavy loads. If this

is not always possible, the horses should be hitched so that they will

walk directly in front of the wheels. This can be accomplished by
making the double, or whiffle, tree of such length that the ends may
be in line with the wagon wheels. A horse will not walk in a rut

unless compelled to do so, and, consequently, if all horses were hitched

in this way ruts would eventually disappear from stone roads.

If stones are cracked on a road with a hammer a smooth surface is

out of the question. Use stone chips for repairing stone roads, and
remember that all foreign material and rubbish will ruin the best

road, and that dust and mud will double the cost of maintenance.

Ordinarily the chief work done by country people on highways is

repairing the damage resulting from neglect. Why this negligence?

The adage, *'A stitch in time saves nine," can never bo applied more

appropriately to anything than to the maintenance or rei>air of all

kinds of roads.
CONCLUSION.

Tlio above comprises the general principles of road construction and

maintenance, in conformity with which the art of road making depends
essentially for its success. The projjcr conception and fuUillmeut of

these principles will result in rapidit}', safety, and economy of trans-

portation.



THE PUBLIC DOMAIN OF THE UNITED STATES.

By Max West, Ph. D.,

Of the Division of Statistics,

INTRODUCTION.

There are within the limits of the United States, exclusive of Alaska
and the new island possessions, nearly 573,995,000 acres of vacant

Government land, besides 145,122,000 acres in Indian reservations,

forest reserves, national parks, reservoir sites, and military reserva-

tions, or for some other reason reserved from settlement. The vast

area of Alaska, which is very nearly all public land, to.2:ether with

lesser areas in Hawaii, Puerto Rico, and other new dependencies, will

bring up the total extent of the national donmin, exclusive of reserva-

tions, to nearly 1,000,000,000 acres. The table on page 32G shows the

distribution of the public land by political divisions, and also com-

I)ares the amount of public land in each State and Territory with the

amount appropriated. The latter includes lands owned by the States

and by public and private corporations, as well as all lands either

actually ownedby individuals, or "entered," though not yet patented,

under the land laws of the United States. Since there are in the

Western United States some 262,000,000 acres still unsurveyed, the

figures given should be taken as being only approximately rather than

absolutely correct; and besides the areas shown there are probably

a few small isolated tracts of public land remaining undisposed of in

Ohio, Indiana, and Illinois. The figures refer to the conditions exist-

ing on Juno 30, 1898, as shown by the report of the Commissioner of

the General Land Office, except that corrections and additions have
been made for forest reserves set aside since that time, and for the

public lands of Hawaii. The table shows that more than 30 per cent

of the area of the United States proper is still vacant public land,

while about 7| per cent is reserved.

Future additions to the reservations for permanent forests ami
reservoir sites will no doubt diminish the area open to settlers, but
these additions are likely to be counterbalanced in whole or in part by
the opening of Indian and military reservations to settlement. The
1,000,000 acres granted to each of the arid States by the so-called
" Carey act" will still further reduce the amount of land to be obtained

by settlers directly from the National Government, but doubtless

without reducing the total amount of public land available for settle-

ment. At the present rate of disposal to individuals, the vacant lands

in the United States proper would last for nearly a century.
325
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In the ca.se of land grants in ai<l of railroad construction, lands

within the limit.s of the grants ai'e considered " unappropriated and
unreserved" until selected by the grantee, though it is not certain

that the usage of the various land offices is uniform in this respect.

It follows from this mode of classiflcfition that to ascertain the amount
of land .still available for enti-y a deduction should be made from the

amount given as "unappropriated and unre.served" to represent that

portion of railroad grants not yet selected by the railroad companies.

While no exact figures are availp.ble for this purpose, the General

Land Office estimates the total amount of land granted to aid in rail-

road construction at 156,893,408 acres, and as the amount patented

up to July 1, 1898, was but 88,947,802 acres, the remainder is a little

less than 08,000,000 acres. It is, however, very unlikely that jjatents

will actually i.ssue to the grantees for half that quantity of land, for

some portions of the grants had been appropriated by settlers before

the grants were made, and .still larger areas are so mountainous and
barren as to be scarcely worth selecting and patenting. A deduction

of 25,000,000 acres from the area unappropriated and unreserved

would probably be sufficient to cover future patents on account of

railroad land grants. These grants consist of the alternate sections

lying within wide strips of territory crossing the western i^art of the

United States, and in some cases indemnity lands have been granted

beyond the limits of the original grants. The Northern Pacific Rail-

road grant extends in a band 40 miles wide acro.ss Minnesota and
80 miles wide across North Dakota, Montana, the northern end of

Idaho, and Washington; the Union Pacific and Central Pacific Rail-

road grants are in a strip 40 miles wide extending from the Mis.souri

River across Nebraska, southern Wyoming, northwestern Utah,

Nevada, and California, to San Francisco, with branches in Colorado

and Kansas and northward through California and Oregon; the Atlan-

tic and Pacific and Southern Pacific Railroad grants extend from the

Rio Crande in New Mexico across Arizona and California to San Jose,

with a branch to the southeastern corner of California. There are

al.so many smaller grants in the more easterly public-land States,

besides several wagon-road grants in Oregon and el.sewhere.

PUBLIC LANDS FIT TOR PRunUC'TlVK ISKS.

Far moie important than the exact area of the public domain legally

open to settlement is the question how much of this public land is

actually fit for cultivation or for other productive uses. Having
regard to present conditions, it mu.st bo admitted that all the best

parts of the public domain have been appropriated, and that compar-

atively very little good agricultural land remains open to settlement

;

the mineral value of that which remains may be very great, but even

of the uJneral deposits it may be said that the most accessible and
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most easily worked among them have probably been api)ropriate(l.

Looking into the future, the question becomes much more difficult,

for no one can tell even approximately how much of the land now
lying waste may be nltimately reclaimed to productive uses. The one

thing needed, as far as concerns the greater i)art of the 573,995,000

acres of vacant public land in the United States proper, including

nearly all west of the ninety-eighth or one hundredth meridian, is an
adequate suj)ply of water; and this applies to much of the mineral

land, as well as to that which it is desired to reclaim for agricultural

purposes. Vast tracts of arid land in the Western United States con-

tain in an unusual degree all the elements of fertility except water, and
with the aid of irrigation could be made to yield more abundantly than

even the best land of the humid regions. It has been said that "sage-

brush is unerring evidence of kindly soil and abundant sunshine."

Estimates of the amount of this land which can be irrigated with

the water at command vary greatly, but there is none for the arid

region as a whole more authoritative than those of Maj. J. W. Powell,

formerly Director of the United States Geological Survej', and Mr. F.

11. Newell, chief hjdrographer of that Survey. Major Powell esti-

mated that at least 150,000 square miles, or 96,000,000 acres, could be

economically reclaimed by irrigation within the ijresent generation;

or, as he said before a Congressional committee in 1890, that about

100,000,000 acres could be reclaimed by the utilization of perennial

streams alone.' Mr. Newell places the irrigable amount at 74,000,000

acres, ^ or about 7.6 per cent of the total area of the sixteen Western
public-land States and Territories. This is a very conservative esti-

mate, in which financial as well as engineering considerations are taken

into account, and it looks not to the remote future, but only to what

is likely to be profitable and therefore practicable within a generation.

Future improvements in irrigation engineering and methods and dis-

coveines of new underground water supplies, together with the increas-

ing demand for agricultural products resulting from an increasing

population, may in the course of time make it profitable to irrigate a

much larger area; but any attempt to state the ultimate extent of

irrigation would be only conjecture. The amount of land irrigated in

1889, the latest year for which census figures arc available, was in most

of the arid States so small in proportion to the estimated irrigable

area us to bo almost negligible in a rough calculation, so that it will

not be far from the truth to take Mr. Newcll's conservative figures as

representing the probable future increase of the irrigated area. But

it must be remembered that some part of the lands to be reclaimed

will probably be lands now in private ownership. Although the area

'First Annual Report of tho United States Irrigation Survey, 1888-89, pp. VII,

14; Second Annual Report ot same, 1889-90, p. 204.

'The Public Lands and their Water Supply. (Extract from the Sixteenth

Annual Report of the United States Geological Survey, 1894-95, p. 494.)
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now irrigated is very small as compared with the total irrigable area,

the canals and ditches already constructed take most of the water

which is easily obtainable, and the future development of the West
depends mainly upon the construction of storage reservoirs and large

canals, or other difficult and expensive undertakings which are beyond

the i)Ower of individuals or small groups of individuals. Much will

therefore depend upon the jwlicy adopted for attracting capital to the

irrigation industry. It is evident that the work of reclamation must be

undertaken either by public agencies or by large corporations.

PUBLIC RESERVATIONS.

As shown by the table following, the land reserved from settlement

consists mainly of Indian reservations and forest reserves; but there

are also numeroirs military reservations and reservoir sites, seven

national parks, some unconfirmed Spanish and Mexican private land

grants in New Mexico and Colorado, and probably some unpatented

portions of grants in aid of railroads, which are included in the area

reserved. The figures given under the head of "Forest reserves"

include some small areas which do not really belong to the reserves,

though included within their boundaries. The " reservoir sites" do

not include all sites selected by the United States Geological Survey,

but only lands actually Avithdrawn from settlement. The area of the

military reservations in the public-land States and Territories, as shown

by the records of the General Land Office, is 786,838 acres; but accord-

ing to a recent compilation made in the Judge-Advocate-General's

Office, which includes national cemeteries and military parks and reser-

vations purchased by the Government as well as those reserved from the

public domain, the total area for those States and Territories is more than

835,000 acres. The General Land Office figures are here given for the

public-land States, however, as the areas of some of the smaller reser-

vations are unobtainable from any source, and the figures are thus

made comjparable with those given in former General Land Office reports

and in the Sixteenth Annual Report of the United States Geological

Survey. The comparison shows that the area devoted to military reser-

vations in the Western States has been diminished by one-half within

three or four j^ears. Illinois, which the General Land Office report

still treats as a public-land State and credits with 750 acres, is here

included among "other States." The table does not include grounds

occupied by public buildings in the District of Columbia and elsewhere

;

nor does it include the Afognak Forest and Fish-Culture Reserve, the

military reservation at Fort St. Michaels, or any of the other reserva-

tions in Alaska. It is impossible to make the total agree with the total

"area reserved" as given in the General Land Office report, because

in several Commonwealths the sum of the areas of the Indian, forest,

and military reservations alone is greater than the area given by the

General Land Office as reserved.
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Classificatiou of Icuids reserved from settlement in the United States proper.

States and Terri-
tories.
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Making allowance for tlio forest reserv<\s wiiidi liave been set aside

since that time, and also for some areas Avliich have been open«'<l for

settlement, and estimatin*^ the probal)le division of lands enterwl by
settlers between timber and grazing land, the land now nnappro-

jiriated and unreserved is found to consist of abojit 124,."J0O,00O acres

of forest and wiwdland and 3<j5,40<),0()() aci-es of grazing land, with

nearlj' or ciuite as much desert land as before.

Charactei' of the vacant public lands in fifteen Western States and TeiTifories.

States and Territories.

Arizona

California

Colorado

Idaho

Montana
Nebraska

Nevada
New Mexico --

North Dakota

-

Oklahoma
Oregon

South Dakota.

Utah
Washington. --

WyomiBg

Total

Woodland
and forest.

6,900,000

900,000

10, .500, 000

2i, GOO, 000

19,800,000

800,000

8,000,000

200,000

19,300,000

17,000,000

7,100,000

8,700,000

Qraziug
land.

Acres.

29,800,000

23,500,000

29,200,000

i9,eoo,ooo

51,800,000

10,-500,000

40,600,000

46,000,000

20,400,000

7,000,000

10,700,000

12,800,000

16,900,009

6,300,000

a5, 300, 000

Desert.

Acres.

1.5,000,000

19,000,000

Total.

20,000,000

10,000,000

5,000,000

134,300,000 .3^.400.000 ! 69,000,000

Acres.

51,700,000

42,400,000

39,700,000

44,300,000

71, GOO, COO

10,500,000

61,400,000

54,600,000

20,600,000

7,O00,C03

35,900,000

12,800,000

43,900,000

13,400.000

49,000.000

558.700.000

In the present paper the public domain is brieflj' described by
States and Territories (arranged, in the order of the extent of public

lands in each, except that Kansas is treated with the other Western
States), with special reference to the amount of public land which

can in-obabl^' be made available for agricultural i)urposes. In dis-

cu.s.sing the possibilities of the arid region, Mr. Newell's estimates of

the available water supply are adopted, but in some cases other esti-

mates are given also for the .sake of comparison. It will be observed

that estimates made by local engineers are usually, though not in

every case, considerably larger than those of Mr, Newell. The other

data given are also taken almost wholly from oflicial sources, including

State and national publication.s. It should be borne in mind that the

vacant public lands are not wholly unused at the present time, for

grazing is i^ermitted upon them without restraint, and thus they fur-

ni.sh sustenance to a vast number of sheep, cattle, and horses; but

the area of good grazing land belonging to the public domain is in

some localities being rapi<lly diminished by overstocking and too

close grazing.
MOXTAN.\.

About three-fourths of the total area of ^Montana, or 71,5i>7,t>00

acres, is still vacant public land, mainly nnsurveytnl. Including ifs-

ervations of all kinds, about S7 per cent of the State belongs to the
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public domain. Little has been appropriated, except along the rivers,

and even of the land so situated there is some still vacant. The
greater part of the public land consists of mountain ranges, partly

covered with forests, and arid i>lains, useful in their present condi-

tion only for grazing; but some vacant agricultural land is reported in

nearly every section of the State except in the westernmost counties.

More than 1,000,000 acres of "good farm land" are reported by the

General Laud Office in Carbon, Gallatin, and Park counties alone.

Mr. Newell estimates that with the water supply now available a total

area of about 11,000,000 acres can be irrigated. This is a little less

than the amount already disposed of by the Government, but as much
of the latter will probably remain unwatered, the area ultimately irri-

gated will doubtless include large tracts of what is now public land.

The amount of irrigable land might be considerably increased by the

construction of large canals to take water from the Missouri and Yel-

lowstone rivers, but these floAV so far below the surface of the plains

to be watered that the expense would be very great. Much will

depend upon the possibility of storing the spring floods; but according

to the most hopeful view of the case, about one-fifth of the State is

reclaimable from its arid condition. The opportunity for irrigation

seems esx)ccially favorable in the southeastern part of the Stute, in

the Yellowstone basin, the Yellowstone and Big Horn rivers carrying

an amount of water in excess of any jjrobable demand. The greater

l)art of the State, however, lies within the Missouri basin, where per-

haps 1,000,000 acres nuiy be irrigated by an economical use of the

water supply. This central portion of the State is nearly all between

2,000 and 7,000 feet above the sea, the greater part having an altitude

of about 3,000 or 4,000 feet. In the western end of the State are vast

areas of forest and woodland, partly on the mountains.

The climate of Montana is mild for the high latitude, and one of

its features is an early spring. The agricultural products which are

grown most extensively are hay, oats, wheat, barley, potatoes, and
vegetables. Apples and other hardy fruits are also raised success-

fully. The principal industries of the State thus far, however, are

mining and stock raising. The mountains in the western part of the

State are rich in both precious and base metals, while coal is found

also in several places farther east. Transportation facilities are pro-

vided by the Northern Pacific and Great Nortliern railroads, which

traverse the State from east to west, with a few branch lines in the

western half, and by a branch of the Union Pacific system from Idaho.

'JMio Nortliern Pacific Railroad land grant extc'nds in a broad curve

from the eastern boundary to the northwestern corner of the Slato.

NEVADA.

The vacant public land of Nevada amonnls to about (51,358,000

acres, or very nearly seven-eighths of the total arcji—a larger proportion

than in any other State. There are in addition nearly 0,000,000 acres
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reserved from settlement. Of tlie 3,000,000 acres or less no longer in

the hands of the National Government, by far the greater j^art is

included in a 2,000,000-acre grant to the State for the support of

common schools, and in minor grants for various other purpfjses.

The amount taken up by individuals is therefore a very small pro-

portion of tlie State's surface, and it is scattered in small tracts along

the borders of streams, the only considerable areas being in llie western

corner of the State, near Lake Tahoe. The vacant public land is

described in the General Land Office report as mountainous, arid,

grazing land, with little or no timber; but it appears to include also the

greater part of numerous small valleys lying between the inoiintaiu

ranges.

Nevada f<jrms most of tlie western and central part of the Great

Basin, and with the exception of small areas in the northeast and
southeast, contributes no water to the ocean. The streams either

flow into saline lakes or are dissipated by evaijoralion and by sinking

into the ground before forming any considerable bodies of water.

The surface of the State is a diversified plateau, and, exclusive of

mountain peaks, ranges in altitude from 800 feet in the southeast to

7,000 feet in the northeast. The variations in altitude, together with

the great length of the State from north to south, make the climate

suitable for the production both of semitroijical fruits and of the

grains and fruits of the temperate zone. As yet, however, Nevada's

agricultural possibilities have scarcely begun to be developed.

Nevada is often referred to as the most arid State in the Union, yet

the water supply will undoubtedly be found sufficient to reclaim a

large extent of land near the streams and springs, but now forming part

of the desert. The United States Geological Survey's estimate of the

amount of irrigable land in Nevada is only 2,000,000 acres. In 1889

the State board of reclamation and internal imprjoveuients estimated

the amount at 12,000,000 acres. According to the estimate of the

Nevada commission of the National Irrigation Congress, of which the

State surveyor-general was chairman, Nevada has about 6,000,000

acres of arable land capable of irrigation, this estimate being made
on the basis of 1 acre-foot of water to an acre, permitting the applica-

tion of water amounting to 12 inches in depth each year. The pos-

sible sources of this water supply are given as follows:

Sources of icatcr supply for irrigation.
Acro-feot.

Truckec, Carson, and Walker rivers 1,000,000

Humboldt River 1,000,000

Salmon, Brunoau, and Owyhee rivers 400,000

Quinu River 1 75. 000

Rio Virgin 100. •00

Small streams and springs 2, 411 , 000

Total surface waters 5, 096, 000

Subsurface supply, say 9U, 000

Total 0,000,000
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The utilization of the amount of water indicated involves extensive

storajjo of spring floods in reservoirs, as well as the use of underground

waters whore possible. There are many natural reservoir sites along

the principal streams, consisting of the beds of ancient lakes or other

depressions, a number of. which liave l>oen reserved by the National

Government for reservoir purposes. In some cases the amount of

water which can be retained in reservoir sites already known is greater

tlian is needed for the arable land within reach. Artesian waters have

boon obtained in some parts of the State, but not in large quantities.

Springs are numerous, but in some cases contain too much mineral

matter to be available for irrigation. In the Humboldt Basin the

amount of land which has already been alienated, including that

granted to the Central Pacific Railroad, is greater than can probably

be irrigated; but in the remainder of the State the area estimated to

be irrigable, even excluding underground supplies, is greater than the

amount which has been patented. Agriculture without ii-rigation can

not be carried on except in a few of the lower valleys.

Thus far the principal industries of Nevada have been stock raising,

carried on largely on the public lands, and mining. The silver mines

which made the State famous still contain quantities of fairly good

ore, and it has recently begun to be questioned whether Nevada is

not as much a gold as a silver State. Several less precious metals

are also found, as well as a variety of other mineral substances,

including coal, granite, sulphur, gypsum, ahnn, niter, borax, soda,

salt, chalk, soapstone, and mineral soap. ]>ut the mining interests,

as well as the agricultural, sufTer at present from lack of adequate

transportation facilities.
JTEW MEXICO.

New INIexico has about 54,550,000 acres of pul)lic land open to set-

tlement, 8,356,000 acres which are reserved for various purposes, and

15,290,000 which have been appropriated. Most of the land in private

ownership consists of large private land grants from the Spanish and

Mexican governments, but recognized by imtents from the General

Land Office. Vast tracts of land remain undisposed of in the eastern

and southern parts of the Territory, and to a less extent in the north-

western corner, Just east of the Navajo Indian Reservation. This

land consists of botli mountains and arid plains, some portions of

which are too arid even for grazing. There is some timber scattered

through the Territory, and minerals exist in the mountains in great

variety and in unknown quantities.

For its water supply New Mexico is dependent upon the Rio Grande

and the Pecos with their tril)utaries, the Canadian River in the

northea.st, and a few smaller streams which rise near the western

boundary and cross it on their way to the Colt)rado. The Rio Grande

and its tributaries are so far ])elow the h^vel of the surrounding coun-

try as to bo unavailable for irrigation except to a limited extent

where the canvons widen oiil into narrow v;ill<\vs. There ai"e niany
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good reservoir sit f'S, and it is estimated that al)Out 4,000,0UO aeres ean

be irrigated with the aid of Huffieient capital. Wells )»ave ])een fairly

successful in various parts of the Territory.

Alfalfa, wheat, oats, barley, Kafir corn, and sugar Ix-ets are among
the inii)ortant crops of New Mexico. The climate seems to Ix) espe-

cially well adapted also to fruit raising. Throughout most of the Ter-

ritoiy, however, the raising of sheep and cattle will dou)>tless continue

to Ik! the chief industry. The Teri'itory is travers(xl by a number of

railroads, and along the Rio Grande Valley especially the transpor-

tation facilities are good.
ARIZONA.

Arizona contains 51,734,000 acres of Government land open to set-

tlement, besides several large reservations for the use of Indians and
for other i)urposes. Only about 5,085,000 acres have passed out of

the hands of the Government. The vacant public lands are variously

described as mountainous, bi'oken, arid, grazing, and timl^er lands.

It is estimated that nearly one-half the total area of the Territory

is excellent grazing land, and the climate is favorable for stock rais-

ing, which thus far lias been a more irajjortant industry than the

raising of crops. The cultivation of the soil by the aid of iiTigation

is coming to be of moi-e and more importance, however, especially in

the valleys of the Gila and Salt rivers, which are supposed to liave been

used in the same way by some prehistoric people. New canals in

course of construction in these valleys are expected to vrater consider-

able areas of what is now public laud. It is thought that a single

large dam can lye constructed which will hold back enough water to

irrigate all the vacant land in the Salt River Valley, the soil of which

has l)een found on analysis to be richer than that of the Nile. The
Coloi-ado River, which flows through the northern part of the Terri-

tor}^ and forms its western boundary, is confined in such deep canyons

that it is impossible to div^ert its waters, except in the extreme south-

west, where it is hoped that a sufficiently long canal will bring them
out upon •the plains. Mr. Newell estimates the amount of land in

Arizona reclaimable in the near future without too great expen.se at

2,000,000 acres, but the irrigation engineer of the Arizona Experiment

Station has estimated that more than 6,000,000 acres can be irrigated

in the Gila and Salt River valleys alone, and that by utilizing all the

reservoir sites in the Territory at least one-fourth of its entire area

could be reclaimed.

The northern and eastern part of the Territory is a high plateau,

bordered and marked off from the lower lands of the south and west

by abrupt precipices, and covered for the most part by an immense
forest, mainly of yellow pine. Although Arizona as a whole is one of

the most arid sections of the country, there are some places on the

plateau and in the valleys among the mountains where agriculture

is carried on without irrigation. The diversity of climate is so great

that the products include both the grains of the temperate zone and
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semitropic-al fruits—oranges, lemons, figs, raisins, dates, almonds,

olives, and bananas being raised successfully and ripening a month

or six weeks earlier than in any other part of the United States.

Successful experiments have been made in raising sugar beets and

canaigre, and in the Salt River Valley strawberries are said to ripen

every month in tlie year. The most important staple crop continues

to be alfalfa, which supplies the elements most lacking in the soil.

There are mines of copper, gold, and silver, and a variety of other

mineral deposits.

Arizona is traversed by the Southern Pacific Railroad near the Mexi-

can boundary and by the Atlantic and Pacific farther north, and tliese

two trunk lines are connected and supplemented by local railways.

UTAH.

In Utah there are 43,870,000 acres of unappropriated public land,

more than three-fourths of which is still unsurvej^ed. Two large

Indian reservations, together with smaller amounts of land reserved

for other purposes, swell the total of Government land in the State to

40,321,000 acres, the amount appropriated being only 3,259,000 acres.

The public lands which are open to settlement are partly mountain-

ous, and practically all the remainder is so arid as to require irriga-

tion to fit it for agricultural uses. There are only a few places in

the State where "dry farming" has been at all successful.

The western half of Utah forms the eastern part of the Great Basin,

and includes an arid region southwest of Great Salt Lake known as

the Great American Desert, while the portion of the State lying east

of the Wasatch Mountains drains into the Colorado River and its

tributaries. More than half the area of the State is from 4,000 to

6,000 feet above sea level, and nearly all the remainder lies still

higher, many mountains exceeding an altitude of 10,000 feet. The

rugged contour of the country leaves many excellent reservoir sites

which can be utilized without great exi)ense. Besides the works

already constructed, seven or eight reservoirs definitely pit)jected are

designed to reclaim more than 100,000 acres of land now lying waste,

and there are several other reservoir sites selected as such by the

United States Geological Survey. The water supply of Utah, accord-

ing to Mr. Newell's estimate, would be sulficieut, with a good sytslem

of storage, to irrigate 4,000,000 acres; the estimate of the Utah com-

mission of the National Irrigation Congress was 3,054,000 acres, divi<led

as follows:

Sources of tvater suppJij for irrUjation.

Acres.

Salt Lake dniinage system 2, 15r), 520

Colorado drainage pystein proper 1,1 17, 180

Sevipr Valley drainage Bystem 283,500

SoiitbweBterii drainage system &7,800

Total 3,654,000
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About \/.]~)i),0()0 acres of (liis ii-rigable land are on tlui Indian reser-

vations, where agriculture is already earri<'d on by means of irriga-

tiou; and altogether something over 1,000,000 acres of the irrigable

land in the State are aln^ady under ditch,' this being about one-lhird

of the amount of land in private ownersliip. The lands ceded to tlu*

State on its admission to the Union include about 1,304,000 acres of

the irrigable land, so that after a million acres have been reclaimed

under the Care}^ act there will be little, if any, irrigable land to be
obtained by settlers directly from the National Government.
Among the moi-e important agricultural products of Utah are

alfalfa, wheat and other cereals, sugar beets, garden produce, and
fruits, including esi)ecially apples, pears, peaches, plums, and grapes.

Stock raising and mining are among the leading industries.

The Union Pacific and Central Pacific railways meet in the north-

ern part of the Sta'te, reaching thence noi'th and south by means of

the Oregon Short Line, while the Rio Grande Western extends from
Ogden.and Salt Lake southeastward, with short branches in various

othei dii-ections.

IDAHO.

The public land still open to settlement in Idaho amounts to

44,207,000 acres, or nearly 84 per cent of the entire area of the State.

It consists mainl}^ of forest-covered mountains in the northern and cen-

tral portions of the State, and farther south, of lava plains on which
the sagebrush grows luxui-iantly; but some vacant agricultural land

is reported among the mountains in the northernmost counties, where
dry farming is successfully carried on.

Idaho lies to the west and south of the Bitter Root Mountains, the

Snake River traversing its broad southern end and forming part of

its western boundary, where it is joined by the Boise, the Payette, the

Weiser, the Salmon, and the Clearwater. There is thus, on the whole,,

a large and well-distributed water supply, but the largest rivers, the

Snake, Salmon, and Clearwater, are for the most part considerably

below the level of the surrounding country. In the Snake Valley is-

one of the largest tracts of irrigable land in the West, but its recla-

mation as a whole will i-equire large and expensive Morks.

Tlie Payette River receives much of its water from heavily timberetl

areas, where the snow is late in melting, and hence it has a lai'ge and
fairly constant volume, more than sufficient to irrigate all the agricul-

tural land in the valley through which it flows. It is proposed to

divert some of the surplus into the valley of the Weiser, and to use

it both along the Weiser itself and south of its mouth along the Snake.

The Boise River also is thought to be large enough, with economical

use, to reclaim its entire valley. In the southeastern corner of the

State water can be taken from the Bear River to water a large tract

' Broiiffh, " Irrigation in Utah," p. 106.

1 A 98 22
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of laud neai" Chosterlioltl and Uanei-oft at a inodei'aLe cost per acre.

In otlier localities luueh land may be reclaimed by the development

of natural reservoir sites. Artesian wells have brought water to the

surface, or nearly to the surface, in various parts of tlie State, and in

some places it has been found possible to bring the underground flow

out on the land by means of trenches. The amount of irrigable land

in the State is estimated by Mr. Newell at 7,000,000 acres; ' the State

engineer makes a more conservative estimate of 4,000,000 or 5,000,000

acres. In 189G it was estimated that existing canals would iri-igate

1,250,000 acres, only one-fourth of which was then actually under

cultivation.

The leading industries of Idaho are mining and stock raising. The
principal crops thus far have been hay, cereal's, and vegetables; but

the soil and climate have been found to be well adapted to the cultiva-

tion of sugar beets, prunes, apples, peaches, pears, gi-apes, and cherries.

The Snake River Valley has excellent transportation facilities in the

Oregon Short Line Railroad, while the northern part of the State is

crossed ])y the Great Northern and Northern Pacific roads.

WYOMING.

Wyoming contains about 40,035,000 acres of public land open to

settlement, besides 8,21G,G43 acres reserved for various purposes. Of
the latter amount, 1,897,000 acres are in the Yellowstone National

Park, almost an equal amount is in the Wind River Indian Reserva-

tion, and 3,241,700 acres are devoted to forestry.

The vacant public land is valuable chiefly for grazing and timber,

and in many places for coal, oil, and other mineral products; but

there are vast areas which need only irrigation to transform them into

very productive farms. The water supi)ly is fairly abundant and

well distributed, and is estimated to be sutlicient to reclaim 9,000,000

acres. The principal streams available for this purpose are the North

Platte River and its tributaries in the southeast, the Green in the

southwest, the head waters of the Cheyenne in the northeast, and the

Big Horn and Powder rivers, which rise in the central part of the State

and flow northward into Montana. There are still some places where

land can be reclaimed without gi'eat expense by small ditches; but

as these places an' more than (1,000 feet above the sea level, hay is

almost tlie on.ly important crop that can be depended upon to mature

tlieic. The better lands can bo reclaimed only by means of res-

ervoirs and large canals, requiring considerable capital; but in the

Big Horn basin and elsewhere there are large tracts of public land

so situated that the expense of reclamation would be by no means

'In the Sixteenth Annual Report of the United States Qeoloj?ical Survey the

estimate is only 1 ,."»(JO,0U0 acres, the differenre being made tip hy adilitiousto North

Dakota and South Dakota. The figures quoted in this paper are from Mr.

NowelFs paper as published separately.
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excessive. The best agrieulturjil land in the Stale is said to Ik.' tliat

lying along the Platte Kiver and along the noi-thern border east of tlie

Big Horn Mountains. In nearly all cases tlie ditches thiia far con-

structed water only the bottom lands near the rivers, leaving the upper
bench lands, where the soil is even better, to be reclaiuie<l by more
extensive "VYorks in the future.

The tillable lands of Wyoming lie from 3,500 to 7,000 feet or 7nore

above sea level, higher on the whole than the agricultural land of any
other State. There are high mounta;in ranges in the north and west

and a few peaks ne.ar the southern boundary. The climate has been
found to be well adaj^ted to the cultivation of. cereals and grasses,

while the raising of hardy fruits' is also becoming an important

industrj'. There is a lack of railroad facilities in the central and
northwestern pai*t of Wyoming, but the Union Pacific Railroad trav-

erses the southern joart of the State, while the eastern part is served

by the Northwestern and Burlington systems and by local lines, and
the Oregon Shait Line enters the southwestern corner.

CALIFORNIA.

In California the vacant public land aggregates 42,443,000 acres, or

a little more than the amount w^hich has been appropriated. There
are also seven forest reserves, besides the General Grant, Sequoia, and
Yosemite national parks, and several small Indian reservations.

Topographically, California consists of the Sierra Nevada and Coast
ranges of mountains, with a broad, level valley between them and
narrow exterior strips of comparatively low land. Through the cen-

tral valley flow the Sacramento River in a southerly and the San
Joaquin in a northwesterlj^ direction to Suisun Bay and the Golden
Gate. Tributary to these rivers are a number of streams whicli rise

in the Sierra Nevadas, while the Klamath in the extreme north and
many shorter streams flow directly into the Pacific Ocean. There are

also many small streams which contribute their waters to interior

lakes or are used ux3 in irrigation near their source in the mountains.
There is thus an abundant water supply, and California as a whole
can scarcely be called an a/id State. The annual rainfall is not very
deficient in quantity, but during August, September, and October
there is drought; from this it results that while grains can be raised

successfully without irrigation in many of the valleys, artificial water-

ing is essential to orchard crops except in the most humid sections.

Dry farming has been carried on to some extent in every county in

the State, and there is a considerable area along the Sacramento and
San Joaquin rivers which is too Met, and where the problem is one
of drainage instead of irrigation. The great mass of vacant public
land, however, is in the arid southeastern part of the State, east of

the forest reservations in tlie mountains. San Bernardino County,
containing a large part of the Mohave Desert, has 7,500,000 acres of
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public land, and Inyo County, in which Death Valley is situated, has

5,700,000 acres, including some land on which crops might be raised.

In the northern part of the State tlie largest amounts of public land

are in Siskiyou and Lassen counties. In the former there are 2,300,000

acres of mountainous, grazing, timber, mineral, and farming land;

nearly five-sixths of the latter county is still public land, much of

which is irrigable from IToney Lake, Eagle Lake, and other sources,

wiiile tliC remainder consists of nonirrigable grazing land and moun-
tains', partly timbered. Small amounts of agricultural land are still

vacant in a number of other counties.

It is estimated that altogether 17,000,000 acres of California lands

are capable of irrigation, but it isdoubtful how much of the land now
vacant will be reclaimed in that manner; a large part of the avail-

able water supply may be used to irrigate lands which have been

alreadj^ cultivated without irrigation. There are, however, projects

for reclaiming part of the desert in the extreme southeast, especially

near Salton Sink, wiiich, like Death Valley, lies below sea level, and
which in 1S91 and 1803 was covered by natural overflow's from the

Colorado. Artesian wells are extensively' emplojed in southern Cali-

fornia and in the San Joaquin Valley, and many of the natural reser-

voir sites have been utilized.

California, as a whole, is fairly well supplied with railroads, and

both the Santa Fe and the Southern Pacific systems have lines cross-,

ing the large tract of public land in the southeast; but there are some
counties in the north and east of the Sierra Nevadas where the devel-

opment of the fruit industry has been hindered by lack of transpor-

tation facilities.
COLORADO.

In Colorado there are still 3!), 708,000 acres of public land, exclu-

sive of reservations, or nearly twice as much as the amount in private

ownei'ship. The public land is mainly in the mountainous western

half of the State, where almost none has been appropriated except

along the borders of streams; l)ut there is a greater or less amount
of it in every county. JVIoro or less vacant agricultural laud is

reported from every part of the State, as well as large areas of grazing

and mineral lands, the latter including extensive coal deposits. The
vacant land ranges for the most part from 5,000 to 10,000 feet above

sea level, but there is a little as low as 4,000 or 4,500 feet, mainly in

the east.

The rainfall in Colorado is light, l)iit more lliau (io per cent of the

total usually occurs during the cr()[)-growing season, so tliat in good

years dry farming is fairly successful in the eastern part of the State.

The irrigable area is estimated by Mr. Newell at 8,000,000 acres, of

which S!)(),73.'i acres were alrca«ly irrigated in 1889; but State Engineer

Cramer computed in 18;)t that there were 54,152,000 acre-feet of water

available yearly, and that over half the mesa and valley lands, or
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more Hum 20,000,000 acres, could })r<)l);il)ly be irri,i,'a1e(l, Avliilo less

than 2,000,000 acres Avere then under cultivation. Considerably more
than lialf of the surface-water supply is on the western slope of the

mountains, where most of the public land is situated, 1)ut the vallej's

of the Grand, Yampa, and AVhite rivers and their tributaries are

narrow for the most part, and the plateaus are too far above the water

to be irrigated without great ex'iiense. On tlio plains east of the

mountains the only large rivers are the South Platte and the Arkan-
sas, and the amount of water obtainable at present is not suflBcient

for the land already under ditch; but by storage of the spring floods

and b}^ more careful use of water, with the aid of artesian and other

wellSt it is expected to extend the irrigated area very materially, and
it may be made to include some of the lands now vacant. The Rio
Grande, which rises among the mountains in the southern part of the

State, already serves to irrigate extensive areas.

The principal agricultural products of Colorado, besides hay, are

the common cereals, which are raised both with and without irriga-

tion, and the various fruits of the temi^erate zone. The western slope

is becoming famous for its peach orchards and vineyards. Tobacco
has been successfully raised in several counties, and sugar beets can
probably be raised on both sides of the mountains, where irrigation

is possible. Numerous railway lines aftord excellent transportation

facilities throughout the State, except in the northwestern corner.

OREGON.

The vacant public land in Oregon amounts to 35,897,000 acres, or

more than half the area of the State, besides Indian, forest, and
military reservations, which bring the total up to 41, .'505, 000 acres.

Nearly all the land owned by individuals is included in a narrow strip

along the coast and a somewhat wider strip between the Cascade and
Coast ranges, and in a few counties along the northern boundary.

West of the Cascade Mountains the rainfall is so abundant that

agriculture is carried on for the most part without irrigation, the "Wil-

lamette Valley especially being considered an excellent farming coun-

try; and there is still a little A'acant agi-icultural land left in this

humid portion of the State, in Clackamas and Marion counties in the

north, and farther south in Douglas and Coos counties, besides

much timber and grazing land among the mountains. East of the

Cascade Range is a vast plateau, varying in elevation from about

2,000 to 5,000 feet above sea level, and similar in general character to

the i)lains of Idaho, while south of this is that part of the Great Basin

which extends into Oregon. It is in this eastern part of the State

that much the greater part of the public lands are situated, and rough

estimates show that they include fully 4,000,000 acres of agricultural

land, besides large aieas of grazing land and timber. Wluvit and
other cereals are grown hero also without irrigation, but not without
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risk of failure from lack of rain; and irrigation is practiced to n con-

siderable extent, though mainly as yet by means of short ditches.

There are numerous small rivers tril)utary to the Snake and the

Columbia, and while most of the water now runs to waste in the early

spring, it is estimated that by constructing reservoirs and using arte-

sian-well waters about 3,000,000 acres in eastern Oregon can be irri-

gated. Where irrigation is practiced the cereal crops are usually

supplemented by the raising of fruits, vegetables, and forage crops.

Besides agriculture and stock raising, nnning is carried on to some

extent in eastern Oregon as well as in the mountains farther west.

There are several railroads in the Willamette Valley, and the Wil-

lamette River is navigable throughout more than half its course.

Other railroads run along the northern border and across the north-

eastern corner of the State, but through most of eastern Oregon there

are no better means of communication than wagon roads.

AVASHINGTON.

In Washington there are now only 13,-142,000 acres of vacant public

laud, an amount considerably less than that which has been appro-

priated. Indian and forest reservations, etc., make the total public

land about 24,573,000 acres. The largest areas of unappropriated

land are in the northern, northeastern, and central portions of the

State.

Washington is similar to Oregon topographically, being divided by

the Cascade Mountains into a coast region with abundant rainfall

and a region of semiarid lava plains. The Columbia River flows in an

irregular course through the eastern division of the State, and after

being joined by the Yakima on the west and the Snake on the east,

forms most of the southern boundary. The Columbia flows from about

1,000 to 2,000 feet below the surface of the surrounding plains, so that

its waters can not be used to irrigate them; but the Yakima and its

tributaries are used to some extent already, and there are excellent

reservoir sites near their sources in which sufficient water can bo

stored to irrigate a large part of the valley, which includes much public

land. Some streams elsewhere in the State can also be utilized, and
artesian wells are successful near the eastern border, in Spokane and
Whitman counties, and also near the foot of the Cascade Mountains.

Altogether it is thought that 3,000,000 acres east of the mountains are

irrigable. Agricultuie is not wholly dependent upon irrigation, how-

ever, even east of tho Cascade Range. Wheat is raised extensively

without artiflcial watering, especially on the eastern half of the phiins,

and the irrigated areas are devoted largely to fruits, vegetables, and
alfalfa. Th(> vacant i)ublic lands includ<» some tracts in the wheat

belt, as well as much grazing land and vast mouiifaiu ar<'as \aluable

chiefly for liinln'r and minerals.

Washington is w«'ll favored in liic mallei' oi" lianspoilalion, Ix-ing
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crossed by two transcontinental laihva^s, aiul liavini; a number of

local roads in the eastern part. Okanogan County, wliich contains

the greatest area of public land, lacks transportation facilities except

along its southern boundary, but Stevens, Douglas, and Kittitas coun-

ties, which are next in order, have each two railroads.

NOurn DAKOTA.

The amount of vacant public land in Xorili Dakota, 20,574,000

acres, is nearh- equal to the amount which lias been appropriated.

There arc also more than three million acres in Indian reservations.

Most of the Avcstern half of the State still belongs to the public

domain, but in tlio eastern half the amount of public land diminishes

rapidlj', and in the valleys of the James and Red rivers, where dry

farming is most successful, there is hardly any left. In the western

part of the State, where irrigation is most needed, there are only

limited areas in which water can be easily secured. The Missouri

River is so far below the surface of the arable land and has so slight

a fall that its waters can be diverted only with difficulty and at

great expense. Some of the Missouri's lesser tributaries, however,

especially' the short streams flowing from the north, may be made
available for irrigation by the construction of storage reservoirs.

East of the Missouri River the main dependence is upon artesian

wells, which are alreadj- in use throughout a large territory for

various purposes, and which promise to be of great importance in

agriculture. In time much of the public land along the Missouri

south of Bismarck will probably be watered in this manner.

The vacant public land is at i)resent of value chiefly for grazing,

but it is very fertile for the most part, and wherever irrigation is

practicable can be made to produce abundant crops of wheat and
other cereals, hardy fruits, etc., as well as forage crops. There is a

little timl)er in the Turtle Mountain region in the extreme north,

and deposits of lignite coal are found throughout nearly all the

western half of the State.

The public lands in the western part of the State are crossed by
the two northern transcontinental railways running nearly east and
west, and diagonally by the Minneapolis, St. Paul and Sault Ste.

Marie Railway.
SOUTH DAKOTA.

Theic are 12,7Si,000 acres of vacant public laud in South Dakota,

besides the greater part of the Black Hills Forest Reserve and a num-
ber of large and snuill Indian reservations, making the total amount
of public land a little loss than half the area of the State. There is

comparatively little public land left east of the Missouri River, though
there are few counties which have none at all; and there is little land

open to settlement immediately west of the ^Missouri, except in Stan-

ley Count}', because the river is bordered most of the way by Indian
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reservat ions. In the southeastern corner of the State are several small

tracts of swampy grazinj^ land, amouatini? in the cavse of Charles Mix
County to some thousands of acres. Most of the appropriated land

in the "western i)art of the State is alouijf the Cheyenne River and the

streams which flow into its southern fork from the Black Hills, and

the largest areas of vacant land are in the northwestern corner, in the

r>ad Lands of the southwest, and hetween the Clioyenne and White
I'ivors. It is thought that by water stoi-age and the use of artesian

wells at least 1,000,000 acres of South Dakota lands can be irrigated.

Tliere is an extensive and remarkable artesian-well area east of the

^Missouri, and recent investigations make it seem probable that this

area extends also into the public lands of the western and north-

western portions of the State, in which case the estimate of the irri-

gable area will need to be considerably increased.

South Dakota is an imj^ortant cattle raising and wheat and corn

gi'owing State, and does well in the production of flax. A large

part of the State lies in the sugar-beet belt, and fruit raising also

promises to be a very profitable industry. South Dakota is well snp-

plicd with railroads in the east and in the Black Hills region, but the

portion of the State containing most of the vacant land is not easily

accessible.

NEBRASKA.

Rather more than one-fifth of "NTebraska, or 10,548,000 acres, is still

vacant public land. Nearly all of this is in the north central and

northwestern parts of the State, and consists mainly of a sandy soil,

at present valuable only for grazing. Tliere is a little vacant farming

land reported in Custer County, near the center of the State, and

there is some timber on public land in Dawes and Sioux counties, in

the extreme northwest. Mr. Newell estinuites that 1,500,000 acres of

the semiarid western part of the State can be reclaimed for agricul-

tural purposes by irrigation; the secretary of the State board of

irrigation estimates that altogether 0,000,000 acres can bo irrigated.

The canals already built and under construction are estimated to

cover more than a million acres.

Tlie principal rivers of Nebraska are the Platte and its tributary the

Loup, which di-ain the ccnti'ul part of the State, the Niobrara, which

Hows along the northern boundary, and the Republican in the south.

The (low of the Loup and Niobrara is fairly constant throughout the

year. There ai'e also many springs and creeks from wlilch water is

easily obtainable. There are many artesian wells in Nebraska, but

they are most successful in tlie northeastern part of the State, where

there is now little public land. By the use of windmills or other

ma(;hinery, however, underground water may be obtained for irriga-

tion on a small scale in central and western Nebraska. The alkali in

the soil is sometimes troublesome, especially where too much water

is used, but in such cases sugar beets can often be grown with much
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benefit to the soil. Tliere are several i-ailways crossing? X<0)raska,

and one of them traverses the region in Avhich is niost of the public

land.
OKLAHOMA,

The settlement of Oklahoma lias progressed so rapidly that more
than half the available land has been taken up, leaving only 7,007,000

acres of vacant public land. Nearly all the eastern half of the Terri-

tory has been apiDropriated, but Beaver County, comi)rising the strip

of territory formerly known as ''No Man's Land," together with some
of the other western counties, is still mainh' public land. There are

also tracts of vacant land scattered tlirough the central part of the

Territorj^ including some agricultural and grazing land in Custer,

Canadian, Woods, and Kingfisher counties. There is al.so timber in

some of the western counties, and there is said to be some good farm-

ing laud left in Greer County, in the southwest. In -the western third

of the Territorj' cattle raising is now the leading industry, the rain-

fall being often insufficient for farming; but, although the waters of

the Cimarron, the Black Bear, and the Salt Fork of the Arkansas are

unfit for irrigation, while the North Fork of the Canadian River is

considered doubtful, it is estimated that 1,000,000 acres can be irri-

gated from wells and small streams. Artesian water has been found
in Woods County, in the northern part of the Territory. Good crops

of wheat and other cereals, cotton, etc., are raised in eastern and cen-

tral Oklahoma, and wherever irrigation has begun to be employed
the climate has been found very favorable to fruit raising. Cotton is

successfully grown in the southern part. For a new country Okla-

homa is well supi^lied M'ith railroads, for there are a number crossing

the eastern half of the Territory and one running diagonally across

Woodward and Woods counties, while several more lines are more or

less definitely projected.
KANSAS.

In Kansas tliere are only about 1,000,000 acres of vacant public

land, this being but 2 per cent of the total land area, and a much
smaller amount than in any other State so far west. It is nearly all

in the western end of the State, tlie eastern half having only a few
thousand acres of i)ublic land all told, and of poor quality. The
vacant land is for the most jiart broken or rough grazing land, though

some agricultural land is reported.

The principal streams of western Kansas are the Arkansas and
Cimarron rivers in the south, the headwaters and tributaries of the

Republican and Solomon in the north, and between these, the Smoky
Hill River and its tributar}- the Saline. Especially in the extreme

west, where irrigation is most necessary, the streams are either very

small or often dry during the summer, and hence are of little value

to agriculture without a system of storage. It is evident that water

must be obtained veiy largely from underground by means of pumps,
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wiiicli are already in use in many places, l)ein<; driven eitlier l)y wind

or by gasoline or steam engines. The underground water is usually

found near the surface and seems to be extremely abundant; and in

the southwestern i^art of the State, especially in Meade and Hamilton

count ies, there are many successful artesian wells. It is probable that

this undergi'ound supply will ultimately be used throughout western

Kansas to irrigate a small area on each farm. Mr. Robert Hay, chief

geologist of the "United States artesian and underflow investigation,

estimated that the underflow in this part of the State was sufficient

to irrigate from 5 to 20 acres in each quarter section; while Mr. W. G.

Russell, an assistant hydrographer for the United States Geological

Survey in charge of the Kansas measuring stations, relies upon the

rivers to water about 28 acres to a section. The president of the

State Board of Irrigation Survey and Experiment estimates that

altogether about one-sixth of western Kansas is irrigable; Professor

Ilavrorth, of the Kansas State University, calculates that from all

sources more than half the total area of the State can be irrigated.^

Mr. Xewell's estimate allows nothing for Kansas, so that whatever

area is found to be irrigable must be added to his total of 74,000,000

acres.

3IIXXESOTA.

There are still 5,720,000 acres of vacant public land in Minnesota,

besides about 400,000 acres of Indian land opened to settlement since

June, 1898. The vacant land is mainly- in the extreme north, in the

rather inaccessible region north and east of the Red Lake Indian Res-

ervation ; about one-half the whole amount is in the two counties

of Beltrami and Itasca, large areas of Avhicli are still unsurveyed.

Much of the public land in this i)art of the State is covered with

timber, including pine, spruce, poplar, and hard woods, and a part is

swampy; but tliere is also some which lacks only transportation

facilities to make it valuable for farming. There are also unworked

mineral deposits in Itasca, Saint Louis, Lake, and Cook counties;

they are chiefly of iron, but there is a gold-bearing formation in the

northern part of Itasca County, and nickel in the extreme northejist

of the State. West of Duluth, iji the country around Leech Lake and
Millelacs, there are many thousand acres of timber, brush, and swamp;
but the only public land in the southern half of the State is in small

isolated tracts.

ARKANSAS.

Scattered tlirougli nearly every part of Arkansas are tracts of public

land aggregating 3,696,000 acres, or more than one-tenth of the area of

the State. Throughont eastern Arkansas the vacant land is timbered

' Seventh Biennial Report of tho Kansas State Board of Agriculture, 1889-110,

p. 13:}; Ninth Biennial Report, 18OT-9J, p. SiO; Report of the Board of Irrigation

Survey and Experiment, ISO.l-OO, pp. ISO, 190.



THE I'lHLIC DOMAIN' OF THK UNITED STATKS. 347

aiul luii'tly swnmpy, witli a little grazing land in Arkansas, Lonoke,

and Pi'airic counlies; in the soutliwest it is swampy for the most part,

with a few thousand acres of timber in Ouachita ('ounty; while in the

cential and northwestern parts of the State it consists mainly of hills

and low mountains, which are partly covered with timber, and among
which there is some well-watored agricultui-al land.

FLORIDA.

The vacant Government land in Florida, not including the swamp
lands granted to the State, amounts to 1,757,00*) acres, oi- nearly 5 per

cent of the entire land area. About one-third of this amount is in

the northwestern extremity of the State, l3Mng between Alal)ama and
the Gulf of Mexico, the largest amounts being in Walton and Wash-
ington counties; the remainder is scattered about on the peninsula,

and, except at the southern end, mainly in small tracts. The public

domain in Florida consists mainly of low-lying pine land, with some
swamps and marshes not yet selected by the State government.

Extensive deposits of phosphates are found on the western half of

the peninsula, and at the southern end there is a little roekj' land of

no apparent value.
LOUISIANA.

There are 755,000 acres of public land in Louisiana, besides nearly

1,475,000 acres reserved from settlement. Most of the vacant land is

covered with pine, but there is some swampy land, especially in the

extreme southeast, and there are several thousand acres of open

prairie in the south and southwest. Along the MississipjM there is

still some farming land to be had, with rich alluvial soil, but subject

to occasional damage by floods. In the northwestern part of the State

the land still available is sandy, with more or less clay.

ALABAMA.

The vacant public land in Alabama amounts to about 522,000 acres.

It is mainly in the hilly or mountainous region which makes up the

northern part of the State, and part of the remainder is sand}' or bar-

ren; but there are also many thousand acres of unapj)ropriated pine

timber scattered through the southern half of the State, besides a

little hard Avood, and some marshy lands on either side of Mobile Bay
which ought not to be vciy difficult to drain. Some agricultural land

is reported in Clarke County, lying between two navigable rivers an<l

less than 100 miles from Mobile; also a small tract of hilly fai-ming

land in Barbour Count}'.
MICHIGAN.

The vacant public land in ^Michigan amounts to about 505,000

acres, scattered through the Upper Peninsula and tlie northern end

o£ the Lower Peninsula. In the L^pper Peninsula it is in large i»art

sandy soil, partly covered with limber, mainly beech, birch, and hard
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maple, with some pine, spruce, and hemlock. There is no unappro-

priated timber on the Lower Peninsula except a small amount in

Kalkaska County; much of the remainder is a fair quality of agri-

cultural land with light soil, 'i'lie largest areas of i)ul)lic land in

this pai't of the State are in Oscoda, Gladwin, Iosco, Montmorency,

Crawford, and Presque Isle counties.

MISSOURI.

The public land in Missouri amounts to 445,000 acres, situated

wholly in the southern half of the State, and mainly in the extreme

south and southwest. It is nearly all rough or hilly land, covered

with timber for the most part, but near the center of the southern

half of the State, especiall}^ in Dallas, Laclede, and Pulaski counties,

there is some open grazing land. There are said to be also some

tracts suitable for fruit growing, and others probably containing min-

eral deposits of various kinds.

WISCONSIN.

Wisconsin contains only about 413,000 acres of public land, besides

several small Indian reservations. The greater part of the vacant

land is in tlie forest region comprising the eleven or twelve northern-

most counties. The timber is partly pine and partly hard wood, and

vai-ies from dense forest to scattering woodland; there are also con-

sidei-able areas of swampy land. There are several thousand acres

of public land as far south as Adams, Juneau, and Monroe counties,

but most of this is covered by a scattering growth of snuill oak trees,

an<l the soil of the remainder is of poor qualit}'.

MISSISSIPPI.

The public land in Mississippi ainouuls to only 38.'3,950 acres. It is

scattered throughout the State, except in the extreme north, but is

mainly in the southeast corner and in Wilkinson and Franklin coun-

ties in the southwest. It is officially described as agricultural and

timber land.

AL.\SK.\.

Almost the entire area of Alaska is still public land, the only portions

filed upon up to the clo.se of the last fiscal year being less than 3,000

acres of mineral land, one town site, and a few small tracts used

for manufacturing or commercial purposes. The inhabitants are now
occupied mainly in mining, fishing, and ^ur hunting, but in the coast

region of southeastern Alaska agriculture is expected to become of

more an<l more importan(!e. The temperature along the coast is very

moderate for that latitude, with no violent fluctuations; the soil is

fertile, though sometimes re<[uiring to bo drained; the rainfall is

abundant, and there is a vast quantity of accessi])le timber. Grasses,

vegetables, berries, wh(?at, and some other crops are already grown to

a slight extent, and stock raising is practiced on a small scale.
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UAWAir.

The Government lands in the Iluwuiiaii Islands, incliidinj^ those

formerly classed as Crown lands, amounted in August, ]HUH, to about

1,772,640 acres, of an estimated value of 15,581,000. The lands at

present under lease yield a revenue of something over $100,000 a year.

It is estimated that there are about 70,000 acres of i)ublic hind suit-

able for coffee growing, which is said to be the coming industry of

Plawaii, about 25,000 acres of cane lands, and nearly 1,000 acres of rice

lands, besides 451,000 acres now used only for grazing and 681,000 acres

of forest. Most of the remainder is either barren or mountainous,

with the exception of 145 acres of valuable city lots in Honolulu and
Hilo. About two-thirds of the Government land is on the island of

Hawaii, the remainder being scattered about on the other islands of

the giouj).

PUERTO RICO AND PHILIPPINE ISLANDS.

There are public lands in Puerto Rico from which some revenue has

been derived in the past, but no exact information concerning their

extent or character is available.

A very large part of the Philippine Islands is either uninhabited or

inhabited only by wild tribes.

THE LAND LAWS.

The vacant public lands of tlie United States are open to settlement

under various acts of Congress, the main provisions of which,

together with some of the most important regulations made there-

under, are here briefly summarized:

HOMESTEADS.

Any citizen of the United States or any person who has declared

his intention of becoming such, who is the head of a family, or has

attained his majorit}', or has served in the Army or Navy in time of

war, and is not already the proprietor of more than 160 acres of land

in any State or Territory, is entitled to enter a quarter section (160

acres) or any less amount of unappropriated public land, and may
acquire title thereto by establishing and maintaining residence

thereon and improving and cultivating the land for a period of five

years. In grazing districts stock raising and dairy farming are

accepted in lieu of cultivation of the soil. Eacli homestead entry-

man is required to make affidavit that the application is made hon-

estly and in good faith for the purpose of actual settlement and culti-

vation, and not for the benefit of any other person or corporation

or for the purpose of speculation. Persons who served as soldiers or

sailors of the United States in the civil war are entitled to have their

period of service deducted frojn tlie homestead period of five years,

and those who wei-e dischai'ged from service on account of wounds or

disabilities ma}' have tlie whole period of enlistment deducted; but
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at least one year's residence is required in all cases. Homestead

settlers not wishing to complete the five-j^ear term of residence may
obtain title to the land by paying for it in cash after a residence of

not less than six months. In other cases, with the exception of cer-

tain lands formerly reserved for the use of Indians, the only payments

required are certain fees and the cost of publishing notice of final

proof. The fees for 160 acres of land in States lying east of the one

hundred and fourth meridian amount to 114 at the time of making

application and $4 at the time of making final proof; in the States

and Territories lying farther west the corresponding payments are

SIO and $6, respectively. When "double minimum" lands are

entered the payments are somewhat higher. In the case of certain

lands in Oklahoma, homestead settlers are required to pay from $1 to

^•2.50 an acre in addition to the usual fees; on the Chippewa lands,

in ^Minnesota, they are required to pay -^1.25 an acre; and on what

was formerl}' the Great Sioux Indian Reservation, in Dakota, they

are now required to pay 50 cents an acre, besides the fees.

DESERT LANDS.

A resident citizen of any of the arid-land States or Territories may
obtain title to .320 acres or less of desert land therein by paying $1.25

an acre, bj' expending at least II an acre each year for three years in

reclaiming the land by irrigation, in the purchase of water rights, and

in permanent improvements, and by cultivating one-eighth of the

land. One-fifth of the purchase money must be paid at the time of

filing the application and the remainder at the time of making final

proof, at any time within four years; the applicant must also pay for

the publication of notice of final proof. The application must be

accompanied by a map or plan of the land, showing the mode of irri-

gation proposed and the source of the water to be used, and at the

expiration of the third year another map or plan must be filed, show-

ing the character and extent of the improvements. Proof must also be

given each year that at least $1 an acre has been expended in reclaim-

ing the land. Anj'^ number of persons entering separate tracts nuiy

as.sociate together in the construction of canals or ditches for irriga-

tion, and may file joint maps.

The legal definition of desert land is "all lands exclusive of timber

lands and mineral lands which will not, without iri-igation, produce

some agricultural crop." It thus includes hinds nat nrally suitable for

grazing, as well as deserts in the usual sense of the word. The desert-

land law applies only to pul)lic lands in the States of California,

Nevada, Oregon, Washington, Idaho, ^Montana, lUah, Colorado, Wyo-
ming, North Dakota, and South Dakota, and the Territories of Arizona

and New Mexico. No patent will be issued under tliis law to any per-

son or association that already holds more than 320 acres of arid or

desert land.
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GUAXTS OF DESERT LAND TO TIIF, STATES.

The so-called " Caroy act," whicli is really section 4 of the sundry

civil act of 1804, as amended by the corresi)onding act of l«9t>, pro-

vides for the donation to each of the arid-land States of 1,00(^,000 acres

of desert land, conditioned upon the reclamation of the land so granted

by irrigation. Each State applying for land under this section is

required to iile a map of the land showing the proposed mode of irri-

gation and the source of the water. As fast as the lands are irrigated

patents will issue either to the States or to their assigns; but no State

is permitted to dispose of more than IGO acres to any one pei-son, and

any excess of the proceeds above the cost of reclamation is to be applied

to the reclamation of other desert lands.

TIMBER AND STONE LANDS.

Public lands valuable chiefly for timber or stone and unfit foi- cul-

tivation may be sold to citizens of the United States or persons who
have declared their intention to become such, in quantities not exceed-

ing IGO acres to each person or association, at $2.50 an acre.

ISOLATED TRACTS.

Isolated tracts of less than a quarter section of public land, which

have been subject to homestead entry for three years after the sur-

rounding lands have been appropriated, may be advertised for sale by
order of the Commissioner of the General Land Office. Any person

"wishing to purchase an isolated tract must file in the district land

office an affidavit describing the land and pay for the advertisement.

Thirty days' notice is required after the land is ordered into the mar-

ket, after wliicli it is sold at public sale to the highest bidder, but not

for less than |!l.25 an acre. The amount which any person may pur-

chase in this manner is limited to IGO acres.

PRIVATE ENTRY, PUBLIC SALE, ETC.

Public lands of the United States situated in the State of Missouri

are still subject to private entry, and hence may in general be pur-

chased at the rate of ^1.25 an acre; but the alternate reserved sections

within the limits of railroad grants, with certain exceptions, are held

at the "double minimum" i^rice of 12.50 an acre. Certain lands in

other States, including the Osage Indian trust and diminished-reserve

lands in Kansas, are also subject to private entry under special laws.

No public lands are now sold at auction except isolated fractional

tracts, abandoned military and other reservations, and mineral and

other lands authorized to be sold at auction by special acts of Congress.

No person is permitted to acquire title to more than 320 acres of

public land, agricultural in charactei", under all the land laws.

The preemption and timber-culture laws have been repeaU'd, exeei)t

as to claims instituted before March 3, 1891.
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INDIAN LANDS.

The President is authorized to allot lands in Indian reservations to

the Indians in severalty, in amounts of one quarter seetion to each

head of a familj-, one-eighth of a section to each single person over

18 years of age and each orphan under 18, and one-sixteenth of a

section to each other single person under 18 years. When the lands

are valuable for grazing onlj', double allotments are provided for.

The United States holds the land in trust for the benefit of the

allottees for twenty-five years, during which it can not be alienated;

at the expiration of that time the land is conveyed in fee to the

original allottees or their heirs. The Indian Territory, the reserva-

tions of the Seneca Indians in New York, and a certain strip of terri-

tory in Nebraska adjoining the Sioux Nation on the south, are

excepted from these provisions.

Any portion of a reservation ceded b}^ the Indians to the United

States, adapted to agriculture with or without irrigation, is to be dis-

posed of only under the provisions of the homestead law.

MINERAL LANDS.

Mineral lands are excepted from the provisions of the law relating

to other public lands, but all valuable mineral deposits in the public

lands are open to exploration and purchase by citizens of the United

States and those who have declared their intention to become such,

and by associations of such persons, under the mining laws and the

local customs or rules of miners. Mining claims in general ai'e of two

classes, lode claims and placers. In the case of mining claims on

veins or lodes of rock bearing valuable deposits, the maximum sur-

face area permitted by law is a space of 1,500 by GOO feet. Labor
must be performed or imi)rovements made to the extent of at least

$100 during each calendar year after that in which the claim is located

until entry is made and the patent certificate issued. A patent may
be obtained after the performance of labor or completion of improve-

ments to the amount of $500 on payment of $5 for each acre or frac-

tion thereof, the applicant paying also for publishing the notice of

application. IVIill sites on nonmineral land, not exceeding 5 acres in

extent, may also be obtained at the rate of ^5 an acre, and may be

applied for and patented with the lode claim proper.

Placer-mineral claims are subject to entry and patent upon the

same conditions as to labor and improvements, but the price is only

12.50 an acre. I*lacer claims on surveyed land must conform to the

legal sul)(livisions of the jiuljlic lands (including for this purpose 10-

acre tracrls), and the maximum size is lOO acres for an association or

20 acres for each individual. Lands chiefly valuable for petroletim

or otlier mineral oils may bo accjuireil under the i)rovisi()ns of law

relating to placer-mineral claims, and lands chiefly valuable for

building stone may be ac<[uire<l eitlnT 1»y placT entry or under the

law relatini' to timber and stone lan<ls.
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Mineral lands in Michigan, Wisconsin, Minnesota, Missouri, Kan-

sas, and Alabama are excepted from tlie provisions of tlie general

mineral land law, and are either offered at public sale or disposed of

in the same manner as agricultural lands.

Coal lands are sold for $10 an acre, or $20 an acre if situated within

15 miles of a completed railroad. The maximum amount wJiich may
be purchased by an individual is 160 acres; but associations of four

or more persons which have expended $5,000 or more in improving

and working a mine may enter as much as 040 acres.

Saline or salt-spring lands, except in certain States and I'erritories

which have never received grants of saline lands by act of Congress,

may be sold at public auction for not less than $1.25 an acre, and if

not sold when so offered they become subject to private sale at the

same minimum price.

TOWN SITES.

Title to public lands comprised in town sites may in general be

acquired in either of the three ways described below:

(1) The President is authorized to reserve from the public lands

town sites at any natural or prospective centers of population. The
town lots are offered for sale at auction, and those not .sold in that

manner are held subject to private entry; but in no case may a lot be
disposed of for less than its appraised value.

(2) Wlien any persons have founded or desire to found a city or town

on the public domain they may file with the county recorder a plat for

not more than G40 acres, together with a statement of the extent and
character of the improvements, transcripts of which are transmitted

to the General Land Office and to the district land office. The lots

may then be offered at public sale b}' order of the President, subject

to a minimum price of $10 a lot, and those not so disposed of are there-

after subject to private entry at the same minimum price or at such

reasonable increase or diminution as the Secretary of the Interior

may order in view of the increase or decrease in the value of prop-

erty. Before the daj' fixed for the public sale actual settlers are

entitled to purchase the lots which they have improved at the mini-

mum price. If no transcript map and statement are filed in the Gen-
eral Land Office within twelve months from the establisliment of a
town or city on the public domain, the Secr<»tary of the Interior may
cause the survey and plat to be made, in which case the minimum
price of lots is $15. The usual minimum is also increased in fhe case

of lots containing more than 4,200 Si^uare feet.

(3) Whenever any portion of the public lands is settled upon and
occupied as a town site, the corporate authorities, or if the town is

not incorporated, the judge of the counfy court, may enter the land

so occupied at the proper land office, at Uie minimum jn-ice, in trust

for tlie benefit of the sevei-al occupants, in which i-asc liie sale of lots

1 a08 23
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aiul 1h(> disposition of tho pr(X*eetls are conducted as presci'ibed by the

State oi- Territorial legislature.

Ill Oklalionia town sites are entered b^' boards of trustees appointed

b}' tlie Secretary of the Interior, and must contain reservations of from

10 to 20 acres for parks, schools, and other public purposes.

Tile homestead land laws of the United States, with some additional

limitations, were extended to Alaska by the act of May 14, 1898. No
homestead in that district may exceed 80 acres in extent or extend

more than 80 rods along the shore of any navigable water; and along

such shores every alternate space of 80 rods is to be reserved from

entry. Any citizen of the United States or any association of such

citizens occupying public lands in Alaska for the purposes of trade,

manufacture, or other productive industrj-, which is needed for such

l^urposes, may purchase not exceeding 80 acres of such land, not in-

cluding mineral or coal lands, at 1^2.50 an acre, upon submitting proof

that the area embraces improvements made by the claimant. Alter-

nate spaces of 80 rods in width abutting on navigable waters are to be

reserved, but the use of such reserved lands may be granted to citizens

or associations for landings and wharves. Suitable tracts of land are

also to be reserved as landing places for the natives. The Annette

and Pribilof islands and the islands used for the propagation of foxes

are excepted from the provisions of the act.

The Secretary of the Interior may sell timber from public lauds, to

be used in Alaska only, at an appraised value, but such sales must be

limited to the actual necessities of consumption in Alaska from year

to year. Actual settlers, miners, etc., are permitted to use limited

amounts of timber for firewood, buildings, and certain other purposes

free of charge.

The laws of the United States relating to mining claims are in force

in Alaska, and town sites may be entered for tho benefit of the occu-

pants by trustees appointed by the Secretary of the Interior.

The land laws of the United States have no application in Hawaii,

and no provisions have yet been ma<le for tho disposition of public

lands tlierc; but it is provided in the Joint resolution of annexation

that all revenue or proceeds from such lands, exclusive of those occu-

pied for civil, military, or naval purposes or assigned to the use of the

local g(>vernment, shall be used solely f<»rthe benefitof inhabitants of

the Hawaiian Islands for educational and other public purposes.



IMPROVEMENT OF PLANTS BY SELECTION.

By Hekbekt J. WiiBBEii,

Special Agent of Division of Vegetable Physiology and Pathology.

INTRODUCTIOX.

Selection is oue of tlio most important factors in plant breodini;, tlie

natural capacity of all plants to vary furnishing the basis on which

the breeder has to work. The prime factor of selection, or, as Darwin
calls it, the "law of the preservation of the favorable individual

differences and vai'iations and the destruction of those which arc

injurious," consists in the skillful selection and propagation of plants

showing desirable variations. Selection is frequently understood as

meaning simply the use of large, vigorous seed, and a consequent
slight increase in production. While such selection is no doubt
beneficial, a factor of far more importance is that the seed be taken

from vigorous, productive plants. The inherent potentiality of the

mother plant, if it may be so expressed, is a more important consider-

ation than the size of the seed, which is so materially innuenced by the

general productiveness of the plant.

The object of selection is to effect a complete transmission of tlie

desired qualities and to augment them if possible, and the main factor

with which the breeder hjis to contend is the varyiug degree of the

power of inheritance possessed by individual plants.

Plant breeding includes two processes, largely- distinct in theii-

nature: (1) The methods of securing variation, and (2) the fixation

of desirable variations by methodical selection. The first process has

been discussed in previous Yearbooks, the variations arising naturally

and supposed to be induced directly or indirectly by environment
having been the subject of a paper b}' the writer in tlie Yearbook of

189G, Images 89-106, while the variations induced by crossing different

varieties, species, or genera were treated of by the writer in conjunc-

tion with Mr. W. T. Swingle in the Yearbook of 1897, images 380-420.

In the present paper will be discussed the second process—the fixation

of desirable variations by methodical selection and the gradual im-

provement of jilants resulting from the cumulative effect of selecting

through many generations those showing the very slight modifications

which nor-inally occur in all i)lants.

UNITY OF THE INDIVIDUAL.

The unity of the individual taken as a whole is a factor of prime
importance in selection and should be clearly recognized by every one
striving to secure improved pedigree plants. Tf the object in selecting
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any fruit is to decrease seed production it is of prime importance

that tlie seeds l)c selected from plants Avhich have been found, through

examinations of a number of fruits from different parts of such plants,

to have a general tendency toward reduced seed production. The
plants from such seeds are very liable to inherit the tendency to

seedlessness in a greater or less degree, but seeds taken from selected

individual fruits that produce but few seeds, cases of which can be

found on almost an}' tree, are no more apt to produce seedless fruits

than are seeds taken from unselected fruits. Henri de Vilmorin, whose
extensive experience enables him to speak authoritatively on such

points, says that "the unity of character of any single plant is the

main factor in the work of pedigree or grade breeding." His experi-

ments with chrysanthemums forcibly illustrate this point: "I tried

an experiment with seeds of ChrysantheTnum carinatum gathered on
double, single, and semidouble heads, all growing on one plant, and
found no difference whatever in the proportion of single and double-

flowered plants." Had the seeds been selected from plants on which

all the flowers were double or semidouble a very large and probably

even an increased projiortion of double flowers would have been

obtained.

Livingston, who has had such marked success in establishing

improved sorts of the tomato, in explaining the origin of the Paragon

tomato very graphically describes his independent discovery of this

principle of the unity of the individual:

In passing over my fields of growing tomatoes, which were still of all sizes,

sorts, and shapes, my attention was attracted to a tomato plant having distinct

characteristics and bearing heavy foliage. It was unlike any other in the field or

that I had ever seen. It showed itself very prolific. Its fruit was uniformly

smooth, but too small to be of general market value. As I examined it closely,

observing how alike every tomato was on the stalk, wishing they were larger, and
meditating over its possibilities long, it came to me like an inspiration. Why not

select special tomato plants instead of specimen tomatoes?

In selecting Indian corn for seed it is the connnon practice to collect

the best ears at the time of husking, the main object being to secure

ears of good size and shape, and having large, well-formed kernels

and a proper proportion of cob to kernel. This method of selection,

while good so far as it goes, does not take tlie vigor of the plant into

account, and hence does not accomplish all that is intended. The
largest ears ma.y grow on ('omi)aratively unproductive or weak stalks,

and thei-efore to ol)tain the best n'sults .seed coin should bo selected

in the field, and attention given to the habit, productiveness, general

vigor, etc., of the plant, as well as to tlie characters of the ear, kernel,

and cob, and uniformity in ripening. The same remarks apply to the

selection of seed wheat, but the difficulty in selecting wheat from

plants fulfilling all the reciuirements would probably bo too great for

this umMIuhI of selection to b(> feasible as a common practice.

lM(li\i(liials may !)(» vory un<'(|ually endowed with the power of
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transmittin;; tlieir own cliaracloiistics lo tlioir piofjcny, and where

several indivHluals are sele(;ted in breeding for the same feature it

is best to keep the seed from each plant separate. 'J'he principal aim

is to secure the complete transmission of the qualities desired, and in

case the progeny of any plant selected shows a decided tendency to

revert to the orij?inal unselected typo it is best to make future selec-

tions from the progeny of some other plant which has more uniformly

impressed its qualities on its offspring.

The instability of "bud sports" further illustrates the importance

of attention to the unity of the individual wht»n depending on selec-

tion to improve or fix a sort. Frequently a certain branch differs

greatly in form of fruit or leaf from all other branches on the same
tree. Such variations, termed "bud sports," are seldom reproduced

true through the seed from fruit grown on the branch showing the

variation. If such variations are desirable, they may of course be

perpetuated by budding or grafting in the case of plants commonly
propagated by such methods. The different branches on any plant

almost invariabl}^ possess certain characteristic differences, ancf in

selecting an individual from which to obtain seed with a view to

improve any feature, it is imi^ortant that this feature should be com-

mon to all branches of the tree and not limited to any particular one.

METHODS OF SELECTION.

The variations which form the basis for selection and the formation

of new and improved races of plants are the direct or indirect results

of changed environment or of hjbridization and cross fertilization.

Ray Lankester sa^s:

For the present I see no evidence of a productiou of new races on the face of the

earth excepting by the method adopted by these men (breeders, nurserymen, etc.),

viz, by the selection of congenital variations being produced as the result of (but

without any direct adaptational relation to) a disturbance of the material of the

reproductive particles of both sexes, that disturbance being increased if not deter-

mined by change of environment of the parental organisms or the coupling of

remote strains.

Probably the most common way of obtaining initial variations is to

select them from seedlings as they appear, but their advent can be

greatly hastened by artificially changing the conditions under which
the plants grow or by crossing different races or species. As soon as

the desired variation makes its appearance its improvement and
fixation by selection should begin.

In all cases where selection is the means adopted for transmit-

ting a desired feature, largi^ numbers of individuals sliould be grown
in order to provide a greater scope for selection and tiius incre.-ise

the probabilities of securing the variation desired. The testing

grounds and seed farms of large seed establishments are fruitful

sources for variation. In such places a large number of individuals

of the same race are grown together, and in the necessarily careful
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ormiinalioii of all vai'iatioiis from Die type of tlio race (roguing) ia

order to insure the pi-ocluetion of seed true to the type, attention is

forcil)!}" called to all variations, and if any of these promise to be
desirable improvements the intelligent seedsman almost invariably

marks the plants showing such variations and pieserves the seed for

fuilher trial and selection.

Another factor of great importance in selecting to improve I'aces is

the selection of individuals for breeding which exhibit in the most
marked degree the feature to be improved. Galton has shown that

the rate of i-acial changes which accompany different degrees of sever-

ity in selection can be determined with almost mathematical preci-

sion, and emphasizes tlie great necessity of using highly selected

parents. As the result of carefully conducted work, he says: "One
generation of the 99-degree ' selection is seen to be more effective than

two generations of the 90-degree selection, and to have about equal

effect with the 80-degrec selection carried on to pei-petuity. Two
generations of the 99-degree selection are more effective than four of

the* 95-degree and than a perpetuit}- of the 90-degree." Thus, in

selecting wheat or any other plant to increase the productiveness,

it is of the greatest importance that very many individuals grown
under the same conditions should be examined and the seed taken

onlj' from those producing the largest yield.

IMPROVEMENT OF BEA ISLAND COTTON BY SELECTION.

The methods of selection pursued by certain growers of sea island

cotton through many years are the most careful and painstaking

known to the writer, and a description of these methods is given as

an illustration of the actual procedure in continuous selection.

According to tradition and the reports of growers, sea island cot-

ton when first introduced into this country from the West Indies

was a perennial, unsuited to the duration of the seasons of the lati-

tude of the sea islands off South Cai'olina and Georgia, where it sel-

dom matured fruit. However, through the selection of seed from

early-maturing individual plants and through better methods of cul-

ture there has been developed an improved race, which now seems to

be tlioroughly adai)tod to the conditions of growth in the region

referred to. Furthermore, under the continuous and rigorous selec-

tion to which the plants have been subjected the fiber lias been

gradually improved (PI. XXVI), and now that produced along the

coast and on the islands lying off .South Carolina and Georgia is con-

sidered superior to that grown in any other part of the world. The
custom of carefully selecting the seed lias grown with the industry

and may be said to be inseparable from it,, and it is only by such care-

ful selection that the staple can be kept up to its present superior

' The deforces or "percentiles'* here used indicate the variation above the mean
average of any quality, which is considered as 50 degrees.



Yearbook U S, Dept of Agriculture 1898. Plate XXVI

Improvement of Sea Island Cotton by Selection: OO, Ordinary Sea Island
Cotton -ORIGINAL Type from which Selection was made; v.v. Selected
Sea Island Cotton. 'Natural size.^

THE HEllOTVPE PRINTING CO . BOSTON





IMPKOVEMENT OF PLANTS I'.Y SHLECTIOX. 359

oxcelleiK'O. Scv'cral difTerent strains have bcoii dovoloixid aud aro

niaintainod by dJiTeront growers selecting witli different ideals in

v'cw. 'i'hc method described below is that which has Ix^eii employed

for many yeai'S by Mr. W. A. Clark, of Columbia, S. C., on his James
Island plantation, and to him the writer is greatly indebted for the

details. This method and similar ones employed by numerous other

growers are ai)i)licable, with slight variati(nis, to most (^f our common
crops, such as corn, wheat, etc.

FIRST-YEAR SELEITION.

(1) Tlie (ii'st selection is made in the general field, where there are

a great numbei- of individuals growing and consequently abundant

opportunilj- for choice. P2ach i)lant in the field is somewhat hastily

examined, spe<?ial attention being given to the vigor and productive-

ness of the plant, the strength, silkiness, and general quality of the

staple, etc., and a number of those which appear to l)e distinctly

superior to the general crop are marked.

(2) The selected plants are then compared, and sevei-al of the best

selected for more careful comparison, field notes on these being

recorded and preserved for comparison with more critical notes to

l)e taken later. The following is an illusti-ation of field notes copied

from Mr. Clark's selection notes of 1895: "No. 1, stalk medium, pod

medium, bearing close, fairly double, lint fair; No. 2, stalk medium,

pod medium, bearing good, lint fair; No. 3, stalk large, pod large,

bearing close and double, lint fine and long; No. 4, stalk large, pod

medium, bearing exti-a close and double, lint fine and long; No. 5,

stalk medium, pod medium, bearing close and double, lint fine and

long."

(3) Critical house extimlnations of the specially selected plants are

now made at leisure, the fiber being "i^ulled" and carefully examined

and graded according to (a) covering of seed; (6) size of seed; (c)

length of staple; (^7) fineness of staple; {p) uniformitj^ in length (an

important featui-e in preventing loss in manufacture). The following

table, taken from notes made by Mr. Clark in 1805, the selections being

based on critical pulling, shows how carefully the record is kept

:

Results of examinations of specially selected plants.

Factors used in grading.

Covering

Size of seed.

Length

Fineness

Uniformity

.

No.l.
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'"Valuing the first place as 5 and the fifth place as 1, and in like

manner intervening iiositions, the general grade or rank of stalks,

valuation of uniformity being omitted, as it is the same in all, would

be as follows: No. 1, 14 points; No. 2, 4 points; No. 3, 11 points; No.

4, 15 points; No. 5, IG iwints. Nos. 4 and 5 would therefore seem to

rank first."

(4) The next step in the selection is the comjiarison of the ginning

quality, that is, the actual weight of lint to seed in the individual

plants selected. The nearer the Aveight of the lint approaches the

weight of the seed the better. In the early days of sea island cotton

growing in the United States the proportion, of lint to seed by weight

stood about as 1 to 5, but under the influence of continuous selection

the difTorence in ths ratio has been gradually reduced until now it is fre-

quently about as 1 to 3. In order to obtain values easy to compare, Mr.

Clark weighs the seed and lint after ginning and determines the weight

of unginned cotton necessary to produce a standard 300-pound bale.

This is obtained by the follow^ing proportion : Weight of lint is to com-

bined weight of lint and seed as 300 pounds is to X (X equaling the

weight of the unginned product necessary). To illustrate this point,

according to Mr. Clark's notes the five plants above referred to ranked

as follows, as shown by their ginning qualities: No. 5 required 1,001

pounds to produce a 300-pound bale; No. 4, 1,001 pounds; No. 1, 1,038

pounds; No. 2, 1,000 pounds, and No. 3, 1,008 pounds.

(5) To secure further evidence as to the qualities of the selections

and as a check on individual judgment, the ginned fiber is sent,

labeled by number, to an expert cotton commission merchant known as

a factor, who judges the sample from the standpoint of the expert

marketer. Of the above plants, Mr. Clark's factor selected No. 5 as

outranking the others. This number being on the whole sui)erior

to the others, it was finally selected and the seed retained for further

breeding, the other numbers being discarded.

SECOND-YEAR SELECTION.

The seed of the individual plant selected the first year is planted

in Ihe spring of the second year, and as each cotton plant yields from

500 to 800 seeds, 500 or more seedlings will probably be produced.

When these reach the proper stage of maturity, all are carefully

oxamined, as in the preceding year's selections, and several chosen

for further and more careful examination. These specially selected

individuals of the second generation are put through the same careful

tests as to covering, size of seed, length of staple, proportion of lint to

seed, etc., as those of tlie first year's selection, and the plant found to

be of particularly high grade is selected for further breeding. The

seed from the remaining plants (about 500) resulting from the first

year's selection are retained for planting the third year in order to

obtain sufTiciont seed oi a selected strain to i)lant the general cro[).
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THIRD-YEAR SELECTION'.

The seed from the second year's selection is planted in the sjjrini^of

the third year, and when the plants i-each maturity each one is exam-
ined as in the first and second years, and an individual particularly

good in all respects selected for further bi-eeding, as in the previous

years. The seed produced by the plants (some 500 individuals) result -

ing from the single i)lant selected the second year, and which are not

specially selected for further breeding, are retained to plant in the

spring of the fourth year in order to provide sufficient seed the fourth

3^ear to plant the general crop the fifth year. The seed from the 50(J

or more unselected plants of the second year's selections are grown
this year, being sufficient to plant an area of 5 or 6 acres and furnish-

ing enough seed to i)lant the general crop the fourth year.

Ist year [U (InJivwluai plant first Sfclecteil

\

Snd year

Srdyeap
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ounlimially sj:n)\vn from slock descending from a single selected indi-

vidual plant. In llic method of selection above outlined the selection

of a single individual each year only is considered. In i^ractice, each

grower generally selects several plants each year from which to breed

;

for example, two being selected for superior excellence of staple, one

or two for general vigor and productiveness, etc. Each of these, how-

ever, is chosen from Several selected individuals, the same care being

exercised as in the first-year selection. It is always desirable to

choose several special plants each year as breeders, as occasionally a

selected plant may prove erratic and jjrod vice seedlings materially dif-

fering from the type, even after the selection has been carried on for

a number of years with the same ideal in view.

Under this continuous x^alnstaking selection the quality and length

of the fiber has been gradually increased (PI. XXVI) and the projior-

tion of seed to lint gradually decreased. The fiber from unselected

plants is only from 1| to 2 inches long, while that from the selected

strain is about 2^ inches long and is very strong and silky. The finest

grades are used to adulterate silks. These high-bred strains are

maintained only by continuous selection, and if for any reason the

selection is interrupted, there is a general and rapid decline in the

quality of the staple. The cotton i)roduced by these rigidly selected

plants commands a much higher price than the general crop and is

sold direct to manufacturers for special purposes. The price of such

cotton is governed entirely by the excellence of the crop, so no
regiilai- (juotations for the pi-oduct of the highly selected plants are

given in trade journals. The finest grades from the selected plants,

the writer is informed, sell for from 50 to GO cents per pound, while

the ordinary sea island cotton is quoted at from 15 to 30 cents per

pound.

1)1 n'erent growers select with different ideals in view, and the

crop of each jilantation may differ greatl}' in quality and value from

that of adjoining plantations. Mr. Clark selects mainly with a view

to increasing the fineness and leugtli of the staple, and this is done at

tlie expense of quantit}-. His fine i)roduct, however, commands the

very highest price, and this compensates for the small yield. Mr.

"VV. (i. Ilinson, anotlier careful grower of sea island cotton, selects with

a dilTei-ent ideal in view and has produced a strain witli somewhat
coarser fiber^ but yielding heavier; and* although the coanser grade

ma}' not bring so much per pound, yet it may prove fully as lemuner-

atixe iM'cause of the greater productiveness of the sli-ain.

INFLUENCE OF MATURITY OF SEED.

Gaj'deners believe that the maturity of the seed has consideral)lo

influence on the offspring, ])articula«'l3' as to time of ripening, plants

grown from immatun^ seed lieing said to riprti tluMr fruit much
earlier lliari those gr(»wn fi-oin mat in'e seed. In ISS.") (ioodale and later
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Goff observed tliat certain of the early sorts of iiiarkel. vegetables

indicate tliat they may liave ori<^inated in tliis way. Ai-tliur, who has

given this subject careful attention, says: "AnoClicr feature of impor-

tance is the tendency to an increased earliness of ripening' the fruit

on plants raised from immature seeds. In the cumulative trials with

tomatoes by Goff, the strain from green seed ripened from ten days to

four weeks earlier in different years than the corresponding series

from ripe seed." According to C. L. Allen, specialists on Long
Island who give careful attention to growing cabbage for seed, alwa^'s

examine each plant carefully before cutting it when harvesting

their stock seed, and "if the seed is of largo size it is rejected,

becauisc they hold that such seed will make leaves instead of heads.

Besides tliat, these men will not use seed until it is at least three

years old, for the same reason." He states further that "gardeners
with keen observation note the fact that the older melon, cucumber,

and squash seeds ai'e, without having lost their germinating power,

the better, as the proportion of flesh to the seed is greater and the

vines are more i^roductive of fruit and less inclined to throw out

branches." From the evidence at the writer's command it is not clear

how great an influence the maturity of the seed may have in selection

experiments for general features. From Arthur's experience, how-
ever, it is practically certain that while immature seed gives a tend-

ency to earliness, its use commonly results in lessened vitality and
smaller fruits, and therefore fully matured seed should cominonly be

used.
SUITABLE LOCALITY FOR SELECTION EXPERIMENTS.

It is very desirable that plants for selection purposes l)e grown in a

region well suited to the crop under consideration and especially one
having conditions of soil and climate favorable to the development of

the feature wdiich the selections are intended to accelerate and render

stable. According to Allen, cabbage, whicli is particularly sensitive

to changed conditions of growth, furnishes a good illustration of the

necessity of giving attention to these points. "All our improved
varieties of cabbage have come from careful selections in different

localities. We have our best eai'ly types from light soils, which are

favorable for early growths, and our large, late varieties from heavy
soils, which encourage continuous growth, consequently a larger head
and one better adapted to wintering over." If it is desired to produce

a bush bean from a twining or pole variety, the best place to conduct
the selection experiment would be in some locality as far north as tlie

sort will grow successfully, liurpee, Wood, and other seedsmen having
observed that when seed pole beans for the trade ai-e grown in the

far North without poles, which is a conimou i»ractice, they to a great

extent lose their habit of sticking close to the poles. It must not be
thought, however, that climatic conditions fa\'orable to the best

growth of the plant should always be secured, for in iiiauy cases
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exactly (he opposite is desirable. In selecting with a view to obtain-

ing a sort suited to local conditions of soil or climate somewhat
adverse to the best growth of all existing sorts, the plants for selection

must be grown in that location in order that they may be subjected

to the adverse conditions, and those individuals selected which sur-

vive and prosper l)est.

NECESSITV OF CLEARLY DEFINED IDEAL OF TYPE DESIRED.

The most experienced seedsmen and plant breeders claim that a

clearly defined ideal of the type desired is of the greatest importance,

as is also a rigid adherence to this type year after year in making the

selections. Mr. W. W. Tracy, who has had extensive experience both

in selecting seed-bearing plants to keep the variety true to type and
in orignating and improving new sorts b}' selection, says: "My suc-

cess in seed breeding has always been in direct proportion to the clear-

ness of my conception of the ideal I was striving to produce and the

persistency with which I adhered to that ideal in my annual selection

of breeding stock."

Before beginning a selection expei'iment, the variety from which

the selection is to be made should be carefully studied and a definite

ideal formed of a perfect type of the sort desired. Mr. Tracy described

an interesting experiment in selecting corn, which forcibly illustrates

the necessity of adhering to the type in such work:

The resiilt of the work was that the sixth year I had on that same 5-acre field

a crop over 50 per cent of whicli was within the limits of the variation established

for breeding six years before when not one plant in a thousand came within the

limit. * * * In the fourth or fifth year of this selection one lot showed a very

remarkable ability to resist drought. The plants were fairly true to type, and this

new (juality was so desirable that the seed breeder was tempted to save his

'•breeders'' from that lot, but resisted it, and saved them according to rule, but

he also saved the ten best plants from the new departure and planted the seed in

a lot by itself. The result was that only a very few of the plants showed the

drou<.;ht-re:sistiiig quality so noticeable the year before, and all of the ten blocks

varied more and had a smaller proportion of plants true to tyiie than had any
single lot .since the first year.

FIXATION OF SEED RACES BY SELECTION.

When a desirable variation of an\- race of plants is obtained by
liybridizat ion or b^' changed environment or otlierwise it should be

fix*'d, that is, it should Ix* so stamped on the sti-ain by selection as to

render it hereditary and causes it to be produced true through the

seed. ]\Iany of our most valuable sorts of vegetables and agricul-

tural jilants ai"e developed from individuals in the general crop which

exhibit marked differences from the normal type of the race to wliich

they belong and from oilier known races. The plants from the seeds

of such individuals usually in greater part resemble the type of the

original ra<-e, but bv selecting seed llirougli several generations from
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individuals wliicli most noarly rcsfMnlilo the ori<^lnal variation, tlio

changed cliaracters may be rendered hereditary and a new race created.

In sorts propagated vegetatively by cuttings, suckers, slips, etc., such

variations may be utilized without waiting for fixation, as in such

cases simply the poi'tions of the individual sliowing the variation are

grown. The original cause of these fortuitous variations, or "seminal
sports," as they are frequently called, is not definitely known, but

many of them are probably chance hybrids of a first, second, or later

generation, or cases of partial reversion to some ancestral type, while

others may result from environmental conditions. It is difficult to

trace any connection between such marked vai-iations and the condi-

tions of environment, however, while they are exactly what would be

expected to occur in the markedly unlike progeny of a hybrid. All

the fine races and strains of tomatoes originated by A. W. Livingston,

such as Acme, Paragon, etc., were selected from accidental variations,

being simply variations found in large fields of growing tomatoes

and improved and fixed into stable races by selection.

The smooth-seeded upland cotton Klondike is an interesting illus-

tration of the fixation of seed races by selection. Some years ago

Mr. W, A. Clark, whose methods of selection have been described,

conceived the idea of producing a finer gra<le of upland cotton suit-

able for the finer textiles. In view of the injurious elTects of ihe saw
gin upon a long-staple cotton and the difficulty of separating the lint

from a tufted seed with the roller gin, he determined to produce by
selection an upland cotton growing on a clean, black seed, wljich

when once secured could be improved in length and qualitj' of the

stajile by hybridization with the sea island cotton. In the ordinary

sorts of upland cotton, smooth black seeds, similar to those of the sea

island cotton (PI. XXVII, S), are occasionally found mixed with the

ordinary tufted or green seeds (PI. XXVII, U U). Originally, cer-

tain upland sorts, such as Peterkin, had smooth seeds, and the pro-

duction of such seeds in sorts commonl}- having tufted seeds may be
due to hybridization of the ancestors of the plant with the sea island

or some smooth-seeded sorts of the upland.

Mr. Clark selected at random and planted a quantity of smooth
black seeds from the ordinary upland cotton, and the great majority

of the resulting plants produced the ordinary tufted seed, but a few
had mainly smooth black seed like those from which th<^ i)lants were

grown. Seeds were selected from the few plants which produced
mainly smooth black seed, and were planted the second year. This
season a much lai'ger proportion of the plants produced smooth black

seed, but still many produced the ordinaiy tufted seed. SimmIs w<M"e

again selected from the plants producing smooth seed ami |)lantc(l the

third year, and so on thi-ough five geiu'rat ions, when the chai-acter was
fully fixed, and all the plants came true, producing only the smooth
black seed (PI. XXVII, K K).
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To avoid the introduction of any now disturbing elements in the

fixation of hybrids it is usually necessary to inbreed or close fertilize

them, and if this, together with careful selection, is carried on through

several generations hybrids can usually be fixed so tliat they may be

depended upon to reproduce themselves in the main true to seed,

even under difTerent conditions. Hybrids found to be sterile to their

own pollen, which is not infrequently the case, should be fertilized

with pollen from hybrids showing the same characteristics, and prefer-

ably from the same parents.

As generally understood, the so-called fixation of a seed race is

simply the strengthening of the inherent- stability of the individual

so tliat it will impress its characteristics more strongly and surely on

its olTspring. It may well be asked whether this does not also neces-

sarily include the character of more or less marked prepotency to its

own pollen. Most species and natural varieties are more stable than

cultivated races, principall}- because they are markedly prepotent to

their own pollen. It seems quite probable that in some of our mo.st

stable cultivated races prepotency has also been develojied to some

extent. If, during selection, prepotency could be acquired, it would

add greatly to the stability of the race.

After a race is fairly well fixed, as generally understood, it is prob-

able that the character of prepotenc}^ could be acquired by growing

plants of the race in close proximity to plants of nearly related races

or strains and planting the seeds of each individual the second year

in separate plats or rows and again close to plants of related races.

By carefull)' examining the plants grown the second season it could

probably be determined which individuals grown Ihe first year were

least affected by crossing with the related races grown in connection

with them, and in this way any tendency to prepotency detected.

The second year the seed to be used for further planting should be

selected only from the plats of seedlings resulting from plants show-

ing this tendency to prepotency. Furthermore, the seed from such

plats should be selected only from individuals which careful exami-

nation has shown to be true to the type of the race. By continuing

such selection thi-ough several generations it is probable that the race

could be rendered largely prepotent to its own pollen.

Selection experiments, as normally conducted, and the rigorous

"roguing" practiced by all good seed firms, have a tendency to pro-

duce prepotency, all individuals varying from the type (such varia-

tion being caused largely l)y hybridization) l)eing in this way

rejected. The dilliculty in such cases, howevei-, is tliat no attention

isgivfii to tlic unity of t]u> individual so far as prepotency is con-

cerned. Belt .sa3's: "Artificial selection is more rapid in its results,

but less stable than that of nature, because the barriers that man
raises to prevent intermingling of varieties are temporaiy and i)ar-

tial, wliilst tliat whicli nature lixes when .sterility arises is permanent



IMPROVEMENT OF PLANTS BY SELEC'ITON 3C7

and coinplet.e."' l>y .selection, niun can i-ond(!r variations li(Mc<litary

tlii'ougli tlie seed and establisli now i-aces as markedly dilTercnt from

each other in visible charactei'S as different natnral species, hut

unlike these they cross easily and thus are swainped immediately

•when abandoned by man's fostering care.

If some attention were given to securing prepotency in new i-ac(.-s,

before their introduction to the trade, it is probable that there Avould

be less complaint of lack of fixity of type. In sorts which present

marked characteristic features of value even such an expensive way
of securing stability might be justifiable, for by such care the culti-

vated lacc could possibl}' be made to approach natural species and

varieties in stabilitj^.

EFFECT OF CROSS FERTILIZATION IN SELECTION.

The effect of cross fertilization on plants grown for selection is a

factor seldom carefully considered. It is well recognized that the

greatest source of variation among plants is the crossing of individ-

uals, which, though very similar, alwaj's show slight differences, and
doubtless impercei3tibly differ in constitution and structure also.

In the fi.xation of hybrids inbreeding is apparently very necessary,

but doubtless results in lessened vigor. In the case of the cotton

selection described above, however, and in almost all similar cases of

gradual ijnprovement by selection, no attention is paid to the crossing

of different individuals further than growing the selected seed by itself

in a plat isolated from other plants of the same species, to prevent

the selected individuals from crossing with the unselected. In cases

of this sort, and in all cases of gradual imx^rovement by selection of

slightly superior individuals, it is probable that more is gained in

vigor by allowing the free crossing of the different selected plants

than is lost by the greater variation introduced thereby into the

selected strain. Furthermore, in selecting cotton, as described above,

it is impossible to decide at the time of flowering which of the yOO

seedlings resulting from the single selected individual will prove the

be.st, an<l it is obviously impracticable to carefully inbreed all the

flowers on each plant, or even a small per cent of them. If ten to

twenty plants having the best qualrties could be selected from the

500 and bred together, it is probable, considering the greater vigor of

cross-fertilized i^lants, that the result would bo much better than that

from the most careful inbreeding. The 500 seedlings resulting from

the selected individual being planted together and allowed to cro.ss

freely, it is highly probable that some of the numerous seeds developed

on the individual plant finally selected from them for further bree<l-

ing will have been fertilized witli pollen from some similar high-grade

individual among the 500. In selection experiments of this nature,

therefore, it seems desirable to plant the seedlings resulting from a

single plant close together in a square plat, ratlier than in a single
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lonix row, as by so doing mixed cross fertilizalioii is fnvored. It is of

course liiglily desirable that plats of selected plants be some distance

from the general crop to prevent crossing with unselected individuals.

LIMITATIONS OF SELECTION.

^lany horticulturists believe that selection has had the greatest

influence in the development of the various races and sorts of culti-

vated plants, and some go so far as to assert that all other factors are

of minor importance. The skillful plant breeder, however, takes all

elements into consideration, in order to bring about the amelioration

desired. Both hybridization and selection have their definite and dis-

tinct places in every rational system of plant breeding. As explained

above, hybridization and changing the environment artificially are

the principal means of securing desired variations, and selection is

the means by which a variation when once secured is augmented and

fixed. When used alone in the improvement of plants, selection

depends upon the adding up of small, unimportant variations through

many generations, which in the end may possibly result in marvelous

differences; but by this method the breeder has no way to force the

change, and must be satisfied with slight variation and long-continued

selection. However, when marked changes and new creations are

desired, it is to hybridization or to chance sports that attention must

be turned. In the words of Henri de Vilmorin, "Cross breeding

greatly increases the chance of wide variation, but it makes the task

of fixation more difficult. It, however, gives the raiser the only

means in his possession to unite in one the qualities of two different

plants while discarding their weak points. All the different qualities

of the two parents seem to unite in the most varied combinations in

the crossbred products." It would hardly be possible to obtain in

a lifetime by selection a markedly hardy orange or rose, a fragrant

pansy, or a new creation like Burbank\s hybrid walnut or raspberry-

blackberry hybrid "Primus,"' although it is just possible that such

changes could be ultimately secured by this means. The juost feasi-

ble and by far the quickest way to secure such decided variations and

new creations is by hybridizing different species or sorts. Wheri^ it is

desired to render a sort hardier, it should bo crossed with a hardy

relative, and where it is desired to render an odorless flower fragrant,

it should be cros.sed with a scented i-elated sort.

DEVELOPMENT OF NEW RACES BY SELECTION.

The improvements effected by selecting a vaiiation may be slight

in one generation, but, as before explained, if these slight improve-

ments are continued year after year, very marked imi)rovements may

result in the course of time. Bailey says: " It is the slow and patient

' Yearbook for 181)7. Pis. XVIII and XIX iinil fig. Vi.
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care and seloetion day by day wliich p<'riiiHiiontly ameliorate and
improve the vegetable world. Xatun; slai'ts tlie work; man may
complete it."

The origin of our various cultivated plants is doubtless due to the

cumulative effects of more ov less unconscious selection tlirough cen-

turies. The wild progenitors of important cultivated plants are in

many instances unknown, and in but very few eases is -there any
knowledge of the early stages in their develoi>ment. They came down
to historic times in an advanced stage of development. In some
instances the fact of the development of cultivated forms from wild

plants has been i)i'oved by experiment. The experiments of Buck-
man in developing the wild pai'snii), those of Louis de A'ihnorin irt

developing the wild carrot, and those of Carriere in improving the

wild radish have become classical. After several years of selection^

Buckman developed from the wild parsnip an improved form which
he called the Student. This was further improved by ]\[essrs. Sutton

& Son, and was finally sent out. According to llenslow, "it still

remains, after more than forty years, the best parsnip in the trade.""

The changes effected l)y Louis de Vilmorin in the wild carrot clearly

show what can be accomi)lished in this manner. He sowed seed of wild

plants, and found that the offspring flowered continually through the
summer. By collecting seed from plants producing the latest flowers

and sowing them late the following season he encouraged the enlarge-

ment of the root. In this way the carrot was induced to flower uni_

formly in the second year of growth, and hence is now a biennial

instead of an annual, the acquired habit liaving become hereditary.

The selection of wild radish or jointed charlock seeds, carried on for

some time by Carriere, resulted in the production of several varieties-

of radish similar to those commonly cultivated.

A still more interesting case of development from cultivation and
selection is described by Henri de \'ilniorin:

I may relate here, in a few words, an unpublished experiment which I hav&
been conducting for more than twenty years, from 1872 to the present year [1893]

It has consisted in cultivating one of our parsley-worts (Aiithriscus sijlvestris), aa
European weed, in order to change its slender and much-forked roots into fleshy,

straight, and clean roots, say like thosa of the parsnip. Among t!ie first batch of
roots raised from wild see Is a dozen were selected with a tendency in their roots-

to larger and straighter bodies. Each root was planteii separately and its seeds-

harvested separately. Of the dozen lots obtained eight or i;ino were discarded at
once, and roots were selected only in such lot^ as exhibited s)mo trace of varia-

tion. Again, a dozen roots or so were chosen (a drawing made of each root),

which were afterward planted separately. I have sketches of all the roots selected,

so that it is possible to follow all the stages of variation of each plant living at
this day. For the first ten years the clianges were slight, but now they are more-

and more marked with every gon(>ration, and in some of the lots the straiglit and
smooth roots are the most numerous.

I A'J8 24:
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SPECIAL FEATURES ACQUIRED BY SELECTION.

TMPROVKD QUALITY OF FRUIT.

The iinprovoiiuMit in tho texture, shape, and flavor of the tomato

wro\iij;litby selection is a good illustration of what can be accomplished

in this direction. Livingston, who originated so many of our improved

sorts of tomatoes, depended entirely on selecting from large fields of

growing tomatoes certain individuals which showed desirable varia-

tion and selecting from their progeny through several generations to

improve and fix the variation. In describing the origin of the Perfec-

tion tomato, Livingston says : "I selected a plant from a field of Acme
(a purple tomato) and secured what is known everywhere as Living-

stons Perfection tomato (a blood-red tomato), which I introduced in

1880. Tho stalks and foliage are lighter than those of Paragon, but

stronger than those of Acme."" All his numerous new sorts of toma-

toes were from accidental variations selected in this way, and the

sam<i can be said of Bailey's Ignotum tomato. The underlying cause

of such accidental variations is unknown, but is doubtless the result

of accidental hybridization, partial reversion to some ancestor, or to

the variations known as "seminal sports" (fortuitous variations), the

Xiroductionof which seems entirely accidental or depends upon causes

not yet understood.

INCREASED SIZE AND PRODUCTIVENESS

Increased size and pi-oduetiveness are among the most common ;ui(l

important features resulting from selection. The increased length

and quantity of fiber of the sea island cotton, previously described

(PI. XXYI), are good illustrations of this, and doubtless all common
agricultui*al crops could l)e similarly improved. Allen cites an inter-

esting case of increased yield in corn as a result of selection, as

follows: "Four years ago my foreman, at my earnest request, began

the selection of field corn for seed purposes. lie grew the white dent

red-cob variety. Before harvesting the main crop he went over the

field and selected tho lowest-growing, stocky stalks, with two perfect

ears each. lie has followed th<^ .same i)lan ever since, with an increase

of fully 25 per cent in productiveness."

INCREASED SU({AR, STAR( 11, A.VD PROTEID CONTENT.

Louisdo Vilmorin'sclassicalexpcrimcnts in selection, which resulted

in inci'casingl he richness of sugar in the sugar l>eet, shows what exceed-

ingly important results can be obtained by careful attention in select-

ing the seed-producing plants. Tlieso experiments in fact saved tho

beet-sugar industry of Franco and established it on a paying basis.

His method consisted simply in testing tho individual roots to deter-

mine; tlieir richn<;.ss in sugjir, and st^lecting for seed production, or

" motliers," as they are termed, only those showing the largest per-

centage III his early ex pcii men Is tlw ([uantity of sugar was estimated
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by the specific gravity of tlio root, but later a more aceurati,' uielhod

was devised, consisting in cntling out a small cylinder from each root

and testing the richness of the juice by polarization. This nietho<l

does not injure the roots for seed jjurposes and furnishes accurate

data as to richness in sugar content on whicli to base the selections.

Louis de Vilmorin's careful methods have been continued by the firm

of Vilmorin, Andrieux <fe Co., and ])y man}'^ otliers engage<l in the

production of sugar-beet seed, and upon these methods depends the

success of the indu.str3\ The White Improved Vilmorin beet, which

is Vilmorin's selected strain of the old White Silesian, has a world-

wide reputation, and immense quantities of its seed are distributed

annually. It has been the subject of careful and j)orsistent selection for

over thirty-five jears, and its quality of richness in sugar has become
fixed and constant. Mr. Ernest Clarke says that "some thousands

of analyses have shown it to yield up to as high a proportion of sugar

as IG pel" cent of the weight of the roots, If pounds of sugar per

gallon of juice being a very ordinary yield with it." Similar results

have been obtained from the same kind of selections of seed-produc-

ing plants of the Kleinwanzlebener and other races of sugar beets.

The following statement l)^- Mr. Ernest Clarke in regard to selections

made by a single firm will give an idea of the extent to which the

selection work is carried on: ''Messrs. Rabbethge & Giesecke, the

famous cultivators of the Kleinwanzlebener variety, who have been

growing beets for seed for upwards of thirty years, state that in

1889-00 they tested 2,782,300 roots, from which they selected 3,043

roots for seed-growing purposes." The percentage of proteid matter

in wheat, peas, etc., and of starch in potatoes and barley, etc., could

doubtless be increased by similar methods of selection.

CHAXGE OK FOKM.

There is evidence to show that a decided change of form may be

brought about by selection carried through numerous generations.

The origin of the Blanche Feriy sweet pea, described by Tracy, is an

interesting illustration of modifications of this sort:

Some forty years ago a woman in northern New York noticed and saved the

seed of a particiilarly bright-flowered i)lant of the old Painted Lady. She

planted them in her garden and each succeeding year saved and planted seed of

what she thought were th!> best plants. She did not raise many, some years not

moi'e than a d >zou plants and never more than conld be grown in 3 square

yards. She was the wife of a quarryman and her garden was always over lime-

stone ledges, where the soil, though fertile, was very thin, often not over a foot

in depth, and gradually her plants became more compact and sturdy, until after

some ten or twelve years she ce iscd to "bush " them, simply letting th< m support

themselves. After .she had rais.^d them in this way for some twenty-five years a

seedsman noticed their beauty, obtained about one hundred seeds, and fritm them
has come the Blanche Ferry,
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In many instances the form of flowers lias been greatly modified by
selection. Darwin says:

Williamson, after sowing during several years steds of Aneinone coronaria,

found a plant with one additional i)etal. He sowed the seeds of this and by per-

severance in the same course obtained several varieties with six or seven rows of

petals. The single Scotch rose was doubled and yielded eight good varieties in

nine or ten years. The Canterbury Bell (Cnmpanula medium) was doubled by
careful selection in four generations.

CHANGE IN TIME AND UNIFORMITY OF RIPENING.

]Many A'ery valnable improvements in this direction testify to the

importance of the results secured by selection. For instance, the

decided shortening of the period required for sea island cotton to

mature, as previously described, has fitted it for cultivation in cer-

tain portions of the United States, in which it is now an important

crop.

The uniformity of heading or I'ipening of lettuce obtained in the

forcing business is also, as the writer is informed by Mr. P. H. Doi'sett,

of the Division of Vegetable Physiology and Pathology, an inter-

esting and valuable illustration of improvements of this nature

obtained by selection. Careful growers of this crop, particularly in

the vicinity of Boston, where the industry has reached its greatest

perfection, always raise their own seed, claiming that it is impossible

to purchase seed suitable for their requirements. In growing lettuce

under glass it is of the utmost importance that all the plants be ready

for cutting at one time, so that the house may be immediatelj^ reset

with other plants, in this way constantly utilizing the available space.

Several selected strains have been developed Avith this idea in view,

and also with some reference to liabit and vigor of plant, quality,

shape, firmness of head, etc., and, as the writer has been informed,

the i)lants have become so perfectly uniform as to time of matur-

ing that frequently an entire house nuiy be cut in the morning and
rei)lanted the same day.

IMPROVEMENT OF SORTS JJV THE SELECTION OF CUTTINGS, SLIPS,

BUDS, ETC.

Some doubt lias always existed as to whether plants normally propa-

gated vegctatively by cuttings, slips, buds, etc., could bo improved or

permanently modified by a selection of these parts from certain indi-

viduals or parts of individuals by methods similar to those used in

Heed-projiagated plants. Each joint of a i)lant, with its bud and leaf

attached, jiossesses in most cases the faculty of growing into a new
plant much like the parent. These new plants vary the same under

environmental influence as do individuals produced from seed, and
while parts of the same seedling, still they are in a physiological sense

<listin<M. each jiossessing in<li\iilMal characterist ics and constitutions
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dopending upon the coudilions under which tliey were grown. As
is well known, even branches on the same tree may differ in many
characters, and while such variations are not commonly reco^ized

when slight, yet in certain cases they become very marked, and are

then easily distinguished, being known as "bud sports." Mr. B. T.

Galloway saj's:

Every one who propagates ijlants by cuttings knows that hardly' any two of

them possess exactly the same characters. Starting with two rooted cuttings

from the same plant and growing them under as nearly the same conditioas as

possible, one may give a plant that will bloom freely, forming flowers of large

size, and its leaf develoiinient may also be perfect, while the other may be a vege-

table runt, lacking in vigor of leaf and utterly nnable to give anything but small

and imperfect flowers.

Bailey also cites cases showing the change produced by different

climatic conditions on different individuals i)roduced by budding:

We Icnow, too, that the same variety of fruit tree takes on different characters

in different geographical regions, so that in the West and South the Greening

apple is no longer the Greening of Rhode Island. So it is apparent that even
when we divide a plant into many parts and distribute the members far and wide,

and when there U no occasion for concerning ourselves with fixing the type—even

here there is variation.

Darwin says:

Mr. Salter brings the principle of selection to bear on variegated plants pi-opa-

gated by buds, and has thus greatly improved and fixed several varieties. He
inXouiis me that at first a branch often i)roduced variegated leaves on one side

alo:ie, and that the leaves are marked only with an irregular edging or with a few
lines of white and yellow. To improve and fix such varieties he finds it necessary

to encourage the buds at the bases of the most distinctly marked leaves and to

propagate from them alone. By following with perseverance this plan during

three or four successive seasons a distinct and fixed variety can generally be

secured.

For several years Messrs. B. T. Galloway and P. II. Dorsett, of the

Division of Vegetable Physiology and Pathology, have been carefully

selecting violet cuttings to determine to what extent the plants can
by this means be improved in i^roductiveness, vigoi*, and ability to

resist disease, etc. The results already obtained show that produc-

tiveness is remarkably incroa.sed, and they also clearly demonstrate
that violets can bo gradually improved by a continuous selection of

the cuttings used in propagation and of the plants from which these

are obtained. The method consists in selecting a number of the finest-

looking plants before they begin to bloom, placing beside each a stake

to which a blank tag is attached, and carefully recording on each
tag the daily pick of salable flowers from the plant, so that at tlie end
of the season the number of flowers produced by each plant is known.
The cuttings for the ensuing year ar«! taken only from the plants jiro-

ducing the great<'st yields and wliich ai"e known from continual

ob.servation thiough the sea.son to be desirable in other ways. The
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Fig. 93, —Selected rooted cutting of Lady Hume Campbell violet

(from a photograph by P. H. Dorsett).

pedigree cultings thus obtained arc again subjected to selection, and

only those wliicli root well and form good, vigorous young p'ants are

finally used (figs. 93

and 94).

Mr. Dorsett has

recently described

some very striking

results obtained in

1807 by growing

comparison beds of

selected and urise-

lected cuttings of

the Lady Hume
Campbell violet. In

this experiment three

beds were compared,

the first containing

3oG selected plants,

the second 51 G unse-

lected plants, and the

third 352 selected

plants, and all received the same treatment throughout the season.

In beds Nos. 1 and 3, containing selected plants, comparatively few

of the plants had to be

reset during the sum-

mer and fall, but in

bed Xo. 2, contain-

ing unselected plants,

fully 15 per cent

were i-eplaced. Be-

sides this, the se-

lected plants made a

more vigorous and a

healthier growth and
produced a greater

number of better-

colored and longer-

stemmed flowers than

the unselected i)lants.

The following is a rec-

ord of the jiroduction

of each bed during the

season: l>«'d No. 1,

30,000 flowers, average

per plant 81.2; bed No.

Fio. 04.—Uiiscloctcd rooted cuttings of Lady Hume Campbell

violet (from a photograph by P. H. Dorsett).

2, 31,200 (lowers, average per plant 00.4; bod

No. 3, 30,980 Howers, av«"rage pei- i)lant 88.
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It will 1)0 scon by a. compurison of the above <l;ila Ihal " the aversigo

3'ie!(l from llie bodsof seloctcjl plants is {greater in botli cases llian from

the bed of unselected plants, the j^lants in bed No. 1 producing on an
average 23.8 and those in bed No. 3, 27.0 more flowers per plant than

were produced in bed No. 2, a combined average of 80.1 from the

selected j)lants as against 00.4 from the unselected, or a gain of 25.7

flowers per x^lant, and this with practically no additional expense."

The following table, from Mr. Doreett's papei', gives the yield per

month during the season of five selected plants fiv)ni a parent which

the previous season yielded eighty-five flowers:

Yield per month nf five selected inolet x>lantH.
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could probably be entirely controlled ])y a continuous selection of

suckers from healthy fruiting plants.

Prof. L. C. Corbett, of the West Virginia Agricultural Experiment
Station, informs the writer that he is succeeding to a great degree in

breeding out the tendency in certain roses to produce blind branches

by continuously selecting cuttings from flower-producing branches.

Another interesting illustration of modifications obtained by the

selection of vegetative parts is the breeding out of thorns from citrus

trees by bud selection. Seedling oranges and lemons are almost inva-

riably very thornj', but nevertheless the majority of the standard

varieties cultivated are now largely thorhless, owing, it is said, to the

continuous selection of buds from thornless branches. According to

the testimony of orange nurserymen, it is fj[uite certain that thorns

can be bred out in this way in every case, and usually to do so requires

but three or four bud generations. It is probabh; in the case of other

fruit trees that b}' selecting buds or cuttings from branches that are

thornless, or which have fewer thorns than usual, that the thorns could

be entirely bred out, or at least the number gi-ea11y reduced.

Sufficient examples have been given to show ccmclusively that selec-

tion may pla}" a very important part in the improvement of plants

jjropagated by vegetative parts. Doubtless extremely valuable im-

provements, i)articularly increased productiveness and resistance to

disease, can be secured by a careful selection of slips, cuttings, buds,

etc. Equally as careful attention should be given to the selection of

the mother plants from which these parts are taken for reproduction

as is given to the selection of the plants used for seed production.

SELECTION AS A GENERAL AGRICULTURAL PRACTICE.

In the i)receding pages attention has been directe<l to some exceed-

ingl}' valuable results obtained by careful selection methods, for

instance, the increased productiveness of cotton, coin, sugar beets,

etc. The common methods of selection ai'C simple and inexpensive

and should become general practices in agriculture. Every farmer

and horticulturist should devise for each crop a systematic method
of selectif)n similar to that described in tlie case of sea island cotton,

so that the general crop maj'be grown continually from selected i)odi-

gree stock. All common agricultural crops respond to skillful selec-

tion, and in every case valuable results will doubtless reward the

agriculturist's attention to this principle.



CAN PERFUMERY FARMIXJ SK CEED IN THE TMTEl)
STATES?

By EuvvAKU S. Steelk,

Assistant in Division of Botany,

COMMERCIAL DATA.

The statistics of the Treasury Department for 1800-07 show an

importation of "alcoholic perfumery," that is, extracts prepared or

partly prepared for use, amounting in value to *;]74,407.82. To com-

pute the entire import of prepared perfumery it would be necessary

to add trifling amounts for sachets, incense, and i)astiles, and a sum
which can not be specified for the i^erfume contained in impoi-ted

soaps and other toilet articles. Adding to the above-mentioned sum
the values of raw materials, animal and vegetable, imported foi- i^er-

fumery purposes the same year, aggregating ^1,437,730.58, a total

importation of $1,812,234.40 is obtained, exclusive of a lump sum of

$213,210.02 for "all other essential oils and combinations," some por-

tion of which certainly belongs to perfumery. To ascertain tlie entire

consumption of perfumery, there should be added possibly 1100,000

for nuiterials of domestic production. It will thus be seen that less

than one-fourth of the perfumery (the term is here used in its broad-

est sense to include all scenting materials) is impoi-ted in its manu-

factured forms, and that accordingly there already exists in this

country an extensive industry in the way of compounding perfumes,

while the production of i-aw materials is extremely meager. Attention,

therefore, naturally turns to the question whether th«M-e might not be

a development of the production of raw materials.

Excluding musk and civet, which are of animal origin, the materi-

als of pei'fumery consist mainly of essential oils, wliich are extracted

from the flowers, fruits, herbage, and wood of plants. Only sub-

stances of vegetable origin are considered in this paper, and the

alcohol and greases which form the veliicles of perfumery are disre-

garded. Studying the reports of the Treasury Bureau of Statistics,

fifteen perfumery oils can be selected which are the products of

plants that may certainly or probably be grown within tlie limits

of this country. To these are to be added the iris, soui-ce of orris

root, itemized under another head, and at least the lose geranium,

cassie, tuberose, and violet, not specified in the reports, but all

standard perfumery plants and cai)able of being grown within our

range. This is not to assert that all or any of these can be i)roduced

in this country as perfumeiy i)!aMls with cDinnicrcial success. Con-

ditions which admit the growth, even the tiiririy growtli, of a plant

377
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do not necessarily secure the best development of its odor. The

plants named are, then, to be regarded as candidates wliose claims

are to be considered, and which, if found ])i-omising, should be

subjected to trial.

The commei'cial importance of sixteen of these plants as perfumery

sources in general and relatively to one another can be judged from

the following tables, which are compiled from the Treasury reports:'

Qua lit ity, aggregate values, and values per unit of the imports of sixteen articles

used as perfumery materiah for the year ending June SO, 1S07.

Articles. Quantity. Agerresrate
|
Value

value. per unit.

Pounds.

Almond (bitter) oil - - 10.471.90
|

Anise-seed oil
1 .

51,8.'j0
,

Bergamot oil !
04.720. .50

Caraway oil 0, .52.5. 3.5

Cedrat (citron) oil 571
|

Fennel oil l,54G.t>3
|

Jasmine oil - - 9
I

Lavender (including spike lavender) oil 311, .5.58. 42
[

Lemon oil ' 248,617.68 !

Limes, oil of 1.910 i

1,890.78
j

56.023.23

Neroli, or orange-flower oil

Orange oil

Orris (or iris) root 311,430

Rosemary, or anthoss oil 49,028.19

48, 384. 49

44, 336. 99

Roses, attar (oil) of

Thyme (or origanum), oil of

$12,029.00

77,821.00

129,311.78

9.501.00

2,539.00

1,002. CO

398.81

190,050.23

201,857.00

2,096.00.

24,015.03

68, 166. 83

30,141.00

39,723.00

293,495.93

37,931.00

il.15

1.50

1.37

1.00

4.45

.66

44.31

.90

.81

1.10

12.65

1.30

.097

.61

6.07

.86

The alcoholic -perfumery mentioned as imported contains largely

the oils enumerated in the table. The oils of bergamot, citron, lemon,

limes, and orange are obtained from the rinds of the respective fruits.

The oil of lavender and oil of spike, or aspic, combined in the table,

are distinct articles, the latter being much cheaper and used in per-

fumery only for adulteration. The price of trne lavender is thus

misrepresented. In general the prices here indicated must not be

taken as a (criterion of the value of good qualities of pure articles.

The importation for 1897 was a decided advance upon that of pre-

vious years. The following table will show the general tendency of

the inai-ket through a period of years:

Aggregate value of importations of sixteen perfumery articles for tiro jicriods of

three years each, with averages.

Year.

t882,385.fi4

56.3,830.72

188C
' 012,573.74

18M.

18Ki.

Value. Average.

$686,328.70

Year.

1806.

1890,

l.sn7

Valne.

$818,375.79

880,983.25

1,106,.5:».,5S

Average.

$935,239.54

' The Foreign Commerce and Navigation of the United States for the year end-

ing June 30, 1890, Vol. II; same for year ending June IJO, 1897, Vol. I.
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METHODS OF EXTRACTION,

Before consideriii<>; the caiididate plants in detail it will be well

to describe briefly the several methods commonly employed in ex-

tracting essential oils in order that the appropriate method may be

referred to each plant in turn. AVhile the <1eseriptions here given

can only be of the most scanty sort, they will at least indicate in a

general way what must be calculated upon if one wishes to produce

perfumery.

First to be mentioned is the application to the purpose of mechan-
ical means, which is accomplished in various ways. This is practicable

mainly in treating the rinds of the citrus fruits (orange, lemon, etc.),

which are considerable in bulk and contain oil in comparativelj' large

quantities. One process consists simply in expression, the material

being put into a press and subjected to heavy pressure. Another is

to rub the fruit in a metal cup lined with

spikes (ecuelle a piquer, fig. 95,) the oil

settling into a hollow handle, whence it

is at length poured. An ecuelle on a

larger scale, consisting of a drum lined

with spikes, is also used. Another method
consists in squeezing in the fingers sec-

tions of the peel turned inside out and
taking up the oil with a sponge.

The second mode is that of distillation.

This differs in no essential respect from

the methods already- in use in this country

for the extraction of oil of peppermint,

sweet birch, sassafras, etc. Of course an

oil which is worth $5 or #G an ounce de-

mandti finer apparatus and greater care

than an oil not worth that much per pound.

Further, it must not be assumed that all

forms of still are equally good. The absolutely necessary parts of a

still (figs. 00 and 97) are, first, a boiler in which the material is placed

with water; second, some means of supph'ing heat, preferably steam

applied in a steam jacket, but frequentlj'^ merely a fireplace under the

boiler; third, a worm or some equivalent form of tubing, immerse<l in

cold water or otherwise cooled, to condense the steam; fourth, some

kind of a receiver in which the condensed oil and water may be allowed

to separate. Distillation is available for a large number of ]danfs, ;is

will be shown, but not for all.

The third method is that of maceration, in which flowers are

immersed in melted grease, the charge being renewcvl ttMi or fifteen

times at intervals of twelve to forty-eight hours. The product is

either used as pomade, or digested in alcohol, which lakes up the

Fig. 95.—The ecuelle for lacerating

the oil vessels in the rinds of orango,

lemon, etc.; the oil collects in the

hollow handle, whence it is poured
off at a.
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perfunie, making an extract. Lard and tallow thoronghly purified

are used; also the fat of the deer. To make pci-fmned oils, olive oil

is substituted for the fat.

Fu;. !'•;.—Sectional view of perfninory still: ri, h, junction between bead (which is lifted for

admission and withdrawal of material) and pan; c, </, false perforated bottom to prevent
material from burning-; e. /, condenser (tub of cold water with coil, which discharges at e,

and overflow pipe passing off at f).

The fourth method is that of enfleurage or inflowering or absorp-

tion, in which the flowers are placed on thin layers of grease spread

on panes of glass in frames, the flowers being renewed from day to

da3'. To obtain perfumed oils, coarse cotton cloths saturated with

olive oil and laid on frames with wire gauze

instead of glass are used. Enfleui'age is the

most delicate of the methods to ()i)erale and
gives Ihe finest results.

l>y the two latter methods the odor obtained

is nearly that of the living flower; that secured

by distillation is often as difTerent as if it came
from another plant.

It should also be mentioned that various

Fu). 07. -Florentine recipi- clieiuical proccsscs for the extraction of per-

cnt in whi.h the prfMiuct fnmes luivc been proposed, though they have
of di<till.'ition is allowed to . , ... , i i ii ,i i i -i i

settle; tho oil, if heavier ""> hitherto superseded tin- methods described

than water, paases out at to auv great exteul.
«. if lighu-r than wau-r, ^^.^^j^ ,^^ ,^^, considered is the availability of

the plants which have been named in view of

the natural, and incidentally th(» economic, con<litions existing in this

Cfumtry. In this |)apei- the capacities of onr outlying dependencies

ar<' disregarded.
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THE ROSE.

First, i^erhaps, in its claims on otii- present attention is the rose.

Not onl}^ is attar of roses first anionic perfumery articles in value of

importation, but our climate and soil over larj^e areas appear to be

highly adapted to rose growing, wliilc tlie distiUation of tin; attar can

be begun without great outlay or extended experience. Tlie ques-

tion in respect to the rose is not whether, or even where, the rose will

grow, but where the flowers will l)e rich enougli in oil an<l at tlie same

time easily enough produced to compete with other localities at home
or abroad.

According to Sawer:^ "It is perfectly certain that under no condi-

tions is the odor [of the rose] fully developed except in very hot

climates, where the i^ower of the sun affords the maximum benefit of

light and heat." Inasmuch as the American sun is a powerful agent

in summer, even as far north as Canada, the outlook in this regard is

not discouraging. When we examine, moreover, the climatic condi-

tions of the great seats of rose farming in Europe, those regions do not

appear to possess any advantage over large areas in this country. In

Bulgaria, where Turkish attar of roses is mainly produced, the indus-

try is carried on ia fertile valleys on the southern slope of the Balkans.

The climate here is far from tropical. There is cold and snow in

winter, abundance of moisture in the spring and fall, and drought in

summer. Wheat and the ordinary cereals are produced in the same
region. The rose harvest begins about the third week in May and

lasts about a month. A second great seat of rose farming in Europe

is the space between the Maritime Alps and the Mediterranean, in the

extreme southeast of France. The citrus fruits, cassie, and many,

other perfumery phiuts are here grown, and perfumei-y materials are

also imported for manufacture. This is, in fact, tlie great i)erfumery

center of Europe, the town of Grasse being the emporium of the dis-

trict. The climate is genial, but not free from the visits of cold winds,

and tender j^lants require protection from frosts. The climatic char-

acter of the region appears not to be very different from that of our

Gulf coast.

Attar of roses is also produced in Asiatic Turk<\v, in Fersia, and in

India, but the great bulk of the European and American supply is

furnished by the regions mentioned.

Of peculiar interest, as bearing upon the (luestion of the adapted-

ness of this country to the production of oil of roses, is the enterprise

in rose farming undertaken some years since by the distinguished

firm of Schimmel & Co., at Leipsic. The extreme falsification of

the Turkish article led tliis house to establish rose i)lantations in the

home country in order to place a perfectly pure attar upon the mar-

ket. This e!iteri)riso appears to have been maintained up to tlie

'Sawer, J. Ch., Odorographia [ser. 1], p. 24, 1892.
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prosent time -with some measure of success, though liampered by tlie

diflieulty <>f persuading dealers to pay the requisite price for a pure

article.

It is manifest that if a rose industry can live at all in Saxony, it can,

so far as depends on natural conditions, not only live hut thrive over

large areas in the United States.

These comparisons, together with the known luxuriance of the rose

in the South and in California, justify the conclusion as highly proba-

ble that, so far as climate and soil are concerned, the production of

attar of roses in this country is entirely feasible.

The delimitation of the area over which rose farming for this pur-

pose can be successfully conducted is not at present iiossible. A few

hints can be given to aid the judgment of an experimenter. In the

East attar of roses could doubtless be produced well up toward the

northern boundary; but the production in the North would labor

under so great relative disadvantages that it can hardly l)e thought of

as a commercial industry. The case is altogether different in the ter-

ritory' beginning, say, with South Carolina and extending south to

Florida and west to Louisiana, and in the i)roductive districts of at

least tlip southern half of California. The abundant heat and suffi-

cient but not excessive moisture of the South would seem to favor

both the growth of the i)lant and the development of the odor. With

respect to the vigor of the rose, it is not necessary to resort to proba-

bility; but the flowers never having been tested for yield of attar,

their availability will remain slightly in doubt prior to special inves-

tigation. Not all lands within the area designated can be thought of

for rose culture. The rose must have a rich soil, and the hammock
lan<ls of the coast belt and the fertile sections of the interior must be

chosen to the exclusion of all sandy barrens and other lands unsuited

to general agriculture. It is not impossible that the ui)lands some-

what removed from the coast may prove better adapted to the devel-

opment of odor than. the hot lowlands. The conditions which secure

a rank vegetation do not always bring out the fine (lualities of a plant;

and there is evidence, in the case of the rose, that heavy manuring,

while increasing the quantity of the yield, is prejudicial to itsqualit^v.

In California the experimenter should avoid the fogs and cold

wiiMls of the coast, but otherwise may be guided by what is already

known of the thrift of i-oses as grown for ornament. There is room

for question whether the dry air of that region will secure the best

development of odor, even though the soil bo abuiulantly nuiislened

by irrigation. This doubt can only bo settled by the trial of proper

varieties treated in proper methods. Where the sun is hot, much

dep<^nds upon the flowers being gathered before it rises. TIk^ indica-

tions are favorable enough to warrant patient experiment.

The roses employed for attar making in Europe are, in Bulgaria,

the icmI damask rose {Rosa dmnasccna Mill.), and in Iho soulh of
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France the l^rovence rose, .'i liybrid ' (;r variety of Ihe liundi-ed-li-af

rose [Rosn rentifoJia L), to wliieli also lielougs the well-known cal)-

bage rose. Theic is a strong presumption tliat rose farming, if tried

in America, should begin with these long-tri«'d sorts. Yet they are

both subject to the disadvantage of being spi'ing bloomers only, ex-

cept that the damask rose has a short autumnal season. The main

period of bloom, accordingly, lasts only about a month. It is mani-

fest that if a perpetual bloomer could b<' found having the necessary

vigor and freedom of bloom, and jielding the requisite quality and

quantity of oil, it Avould be an immense advantage, as it would enable

a grower, especiall}' in tlie South, to work his plantation five or six

months in the year. The fact that no such rose has come into use in

Europe can not be admitted as decisive proof that one can not be

found or developed. Mr. P. J. Berckmans, of Augusta, Ga., a high

authoi-ity, states that the variety of the Bourbon type known as

Gloire de France has the true odor of attar, being at the same time

a perpetual bloomer. It must be admitted, however, that this improve-

ment would have to contend Avith the fact that perpetual bloomers

generall}' flower less freel}' at any one time than do spring bloomers.

ROSE (JERANIUM.

It seems most natural to refer next to the rose geranium, in view of

the affinity of its odor to that of the rose. The oil of rose geranium

is not separately itemized in the Treasury reports, but is undoubtedly

imported in considerable quantity, partly in the cajiacity of an adul-

terant and partly, perhai)s, among unclassified oils. Though unfortu-

nately employed largely in a falsified attar of roses, the oil of geranium

is in itself a legitimate perfumerj'^ material, agreeable even if not equal

to true oil of rose. It is furnished by three well-known species of Pchtr-

goniuni, namely, P. capitatuDi Ait., the common rose geranium of

our windows and gardens; P. radula Ait., similarly cultivated and
sometimes called skeleton-leaved geranium; and P. odorafissiinum

Ait., the nutmeg geranium, also grown in greenhouses, etc., and to

be recognized by its fragrance and by its round, crenate, undivided

leaves, which are velvety like those of a horseshoe geranium, though

much smaller, (See fig. 98.)

The Pelargonium is grown for distillation in Algiers, the island of

Reunion, Spain, Corsica, and Italy, and in the perfumery district of

the south of France. The best oil is pro<luced from plantations in

dry ground, where the plants are stunted in growth; but for the sake

of quantity they are now grown in low, moist, irrigated ground, where
the growth is forced to 30 inches, ami three crops a yeav can be

gathered, though the product is much inferior. The plant is har-

vested "a little before the opening of the llowers, when the lemonlike

'According to Heuze, Les Plantes Industrielles. Vol. III. p. 150, it is a hybrid

between Rosa centifolia L. and Ji. (fullirit L.
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odor Avhic'h it at fiist j^osscsses gives i)lacc to the odor of rose"

(Sawer). The whole plant is placed in the still, and in Provence

rose petals are sometimes added to improve the quality.

There can be no doubt that the rose geranium can be grown in

abundance in jiroperl}' selected locations in the coast belt of the

South and in southern California. Mr. E. Moulie, of Jacksonville,

Fla., who has personally investigated geranium groAving in Algiers,

believes that the advantages in Florida are quite superior, and that

Fiti. !W.—Geranium leaves: o, common rose geranium (Pelargonium capiiatuiu); 6, slieleton-

leaved geranium (Pelargonium radula).

an oil of geranium can bo i)i'oduced there o<|ual 1o th(> l)est> French.

He finds that the plants can be mainlained through the winter by

heaping up the eartli a few inches around them, the stumps sprouting

vigorously in the spring. If plantecl so fai* north that only one crop a

year could be gathered, all hope of profit, would be taken away. If

the present groweis must be imitated in i)referriug <|uanfify to (jual-

ity, the alluvial flats of the Southern rivers will no doubt furnish

luxuriant crops. Even in tliar case there will be ademand for the

dry-land product to mix with and anielioiMle llie lowi.ind ai-ticle.
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CITRUS TREES.

The sweet orange {Citrus aurantimn L.) ; the bitter or Sevill<! orange,

the bigarade (fruit) and hujaradier (tree) of the French {Citrus hiyara-

dia Loisel., C. aurantiuin higaradia Brandis); the bergamot orange

{Citrus hergamia Risso, C. aurantium bergamia Wight & Arn.); the

lemon {Citrus limonum Risso, C. medica Umonum Brandis); the cit-

ron {C. medica L.); the sour lime {Citrus acida Roxb., C. medica

acida Brandis); the sweet lime {Citrus limetta Risso, C. medica

limetta Brandis); tlie shaddock, pomelo, or grape fruit, etc. {Citrus

decumana Murr.)—all, or almost all, yield perfumes, some of them

very important. The bergamot and cedrat (citron) oils and the oils

of lemon, limes, and orange, mentioned in the list on page 378, are

obtained from the rinds of the respective fruits by mechanical proc-

esses, or an inferior article by distillation; it is claimed, however,

that a distilled oil of good quality may be obtained by removing-

the "rag" or spongy part of the rind. The neroli or orange-flower

oil is extracted from the flowers by distillation. A finer and differ-

ent product is obtained from the flowers by the maceration process.

Orange-flower water comes over with the neroli in the distillation and

represents the odor of the flowers much more closely than the neroli.

It appears to be the unaltered oil of the flower dissolved in water. The
orange flowers as they naturally fall fi-om the trees are certainly util-

ized for some of these purposes, but it is explicitly stated ^ that at Val-

laurie in Provence, one of the principal centers of the neroli industry,

the buds are picked from the trees when on the point of opening and

the green part of the flower removed by hand. It is altogether probable

that the finest article is obtained in this way. Besides these products-

is to be mentioned the oil of petit grain ("small seed," as the name
may be rendered), obtained by the distillation, originally of the abor-

tive fruits which fall soon after the blossoms, but at present more
of the leaves and young shoots of the bitter and sweet oranges

yielded by pruning. The oil of bitter orange is superior to that of

the sweet, as is also its petit grain oil; but the neroli of the sweet

orange is considered finer than that of the bigarade. The oil of

bergamot is far more valuable than the other orange-peel oils, but is

not easily had in the market in a pure state. It is produced exclu-

sively or mainly in the extreme soutli of Italy, at or near Reggio.

Piesse,^ from a Biitish point of view, writes as follows:

No tree is so profitable to the flower farmer as tlie oranijfe, and oiniLrrants to any
of our warm colonies should make a note of this and tix on their memory that the

leaves of orange yield an otto worth 3 shillings an ounce; that the flowers yield an

otto worth 10 shillings an ounce; that the blossom also yields, by inflowering. a fat

worth 8 Bhillings per pound; that the rind of the fruit yields an otto worth 10 shil-

liugd to H) shillings per pound, and that the fruit, if it can not be sold by the score

in the market, is a relished food for cattle.

' Sawer, Odorographia, htr. 1 . p. H?.

^ Piesse's Art of Perfumery, Charles H. Piesse, ed. . ji. 17;>, 1801.

1 a98 25
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The prices quoted in the table (p. 378) must not be taken as an
index of wliat could bo obtained for a pure article extracted accord-

ing to the best methods. The oil of bcrgamot, according to Piesse, is

so adulterated as to sell for 10 shillings per i>ound, though ^vorth 30 to

40 shillings \vhen i)ure. Neroli and doubtless all the more valuable

oils are also largely adulterated.

Italy and the south of France furnish the bulk of tlie citrine per-

fumes of commerce; but the island of Chios produces much orange-

flower water, the island of Trinidad yields a very fine oil of limes, and

the island of Cura(;ao jields the best orange peel in the world, while

both the bitter and sweet orange are distilled more or less in Jamaica.

Fui. no. — Bertfamot orange, showinjf two forms of fruit (after Risso nnrl Poiteaxi).

It is already settled tliat the citrus fi nits will grow in this country,

and the territoi'ial liinits of their success are ai)i)roxiniat('ly marked

out, but how far their products are available for perfumery remains

largely to 1x3 determined. The citron is not yet grown on a commer-

cial scale and the bergamot ((ig. !»!») will be found only in gardens.

Little as has been done with these trees from a perfumery point of

view, there are a few data which may encourag(^ and give direction to

experiment. 3Ir. E. Moulie, of .lacksonville, Fla., started a perfumery

farm at San Mateo of that State in the fall of 1880, and up to April,

1893, had extracted the oil from ir)O,()O0 fruits of orange and lemon,

besides making use of a large amount of orange and other Ilowers. lie
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isastrongbclic\'or in the capacity of Florida foi- perfunieiy production.

The flowers of tlic orange Averc long ago, and doubtless are still, col-

lected at New Orleans and sold in the city for perfuming rooms. Mr.

\y. B. Rush, who made observations ncai* that city upon the relations

of weather and climate to the dcvolopincnt of llio frauTuticc of the

orange flowers, writes:'

Orange flowers produced in the extreme southern borders [of Loui.sianaJ are

believed to possess a stronger odor and more oil [than those in other countries].

The difference is accounted for in this manner: In the tropics and semitropics

the trees do not begin to bear very much until about twenty years old, while in

this country they begin at about seven. The development is more rapid, the tree

more vigorous, and it is reasonable to suppose a better development of odor in the

flower. The writer v/as informed by an orange grower who had extensive obser-

vations in different countries and fully confirmed this supposition. The flowers

are more fragrant and the fruit more juicy, but not so sweet as in some other

countries.

It will be well to introduce here some observations from the same
article, which will assist in the selection of localities for iieroli pro-

duction :

The humidity of the atmosphere materially affects the flowers: when too wet
the pollen heads are injured and the secretions are imperfect. Dryness has a

similar effect on the pollen and nectar, but does not affect the secretion of the oil.

When the temperature is too low but few flowers are fructified, the oil cells are

limpid, and no nectar is secreted. The most favorable temperature is about GV to

7G° F. Under 60-^ F. the flowers are blighted. When the busy bee is found col-

lecting the nectar. fh« conditions are favorable for the development of the Powers

and fruit, and then (ho flowers contain their most agi-eeable odor.

If this writer's statement that dryness does not affect the secretion

of the oil can be extended indefinite!}', the parts of California where

irrigation is depended upon would l)e suited to this industry. Prof.

E. O. Wooton, formerlj- of the Agricultural College of New Mexico, is

of the opinion, however, that irrigation does not make up for atmos-

pheric humidity at all, or only in a slight degree, and too severe

drought might prove unfavorable to the development of odor. The
question mu.st be settled by direct observation and experiment.

Some valuable experiments with the citrus fruits have already

been made in California. Prof. E. W. Hilgard states that certain

attempts to manufacture oil of neroli at Santa Barbara and at San

Gabriel in Los Angeles County failed on account of the low summer
temperature duo to the Alaskan cun-ent. ^V mere film of essential oil

was obtained whore several ounces should have boon produced. A
similar failure occurred at Santa Barbara with tuboro.se, violet, and

rose, though the plants vegetated luxuriantly. This result agrees

with Mr. Rush's observations upon the odor of orange* flowers above

quoted, as with other information, and no one should henceforth

attempt the production of floral i)orfumes where the flowers are sub-

ject to cool breezes during the blooming season. The case may not

' American Journal of Pharmacy, 1879, it. TO.
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bo entirely the same with the oil of the fruit rind, or at any rate a

motlerate removal from the coast might obviate the difficulty. Not-

withstanding these setbacks, Professor Ililgard states that "oil of

orange and lemon have been made on a smaller or a larger scale for

a number of years past, without appearing to maintain a permanent

foothold as jet." This is perhaps the present state of the case; but

Dr. S. M. AVoodbridge, of Los Angeles, reports that he is successfully

manufacturing oils of lemon, limes, and orange (also of eucalyptus) on

a commercial scale, having a factory capable of using 3,000 pounds

of fruit daily. If experiments at the present stage are even moder-

ately successful this would seem to augur a full success when experi-

ence shall have been extended and economic conditions perhaps

improved.

Mr. A. E. Zumbro, of Riverside, which is situated somewhat farther

floni the coast, has been experimenting with several perfumery plants,

including citrus fruits, since 1894. His experience Avith the latter is

stated as follows:

Oil of lemon can be made from our cull lemons equal in quality to the imported

article as it comes to us in pound copper cans.

I have not yet made an oil of orange equal to the test imported oil of orange

(sweet), but the improvement I have made since the first leads me to hope that a

satisfactory oil can be made from our oranges.

My experience with orange-flower pomade leaves but little doubt that a niar"ket-

able article can be made from our flowers as soon as the cost of labor and supply

of flowerri make its manufacture possible.

It may be mentioned in passing that the same experimenter has suc-

cessfully extracted the oil of lemon verbena {Lippia (Aloysia) citrio-

dora H. B. K.), as has also Mr. Moulie in Florida. The odor is a

choice one of a citrine character, but on account of its cost is little

u.sed by manufacturing perfumers, imitations taking its place.

LAVENDER.

The true lavender {Lavandula angustifolia Mill.) is a plant of the

mint family, which furnishes a staple essential oil, imported in large

quantities at a slightly increasing price. The spike lavender {L.

spica L.) yields a far less valuable oil, used in veterinary medicine,

in soap making, and by ai'tists, but not in perfumery except for

adulteration.

The true lavender (fig. 100) is a somewhat woody perennial herb,

with slender, sti-aight, stems, bearing widely separate pairs of narrow

leaves of a gray color and at the summit a spike of small flowers of

the color known as lavender. Botli the corolla and calyx of the flow-

ers are covered with stellate hairs, among which are embedded glands

wliich yiehl the fragrant, oil.

The plant is a native of the >[editerranean region, an<l in the wild

state seems to prefer arid mounlain sid(»s, where other vegetation is

scorched by the sun; and though in these situations the plant appears



CAN PERFUMERY FARMING SUCCEED?

stunted, its perfume is richer aiKl stronj^er tlian elsewhere. Notwith-

standing its southern origin, hivender is a hardy phint, surviving

with slight protection even at Upsala, in Sweden. It is further sur-

prising to learn that lavend<'i-, having Immmi introduced into England,
has flourished there under cultivation in a renuirkable numner. As
grown at Mitchani in Surrey and Ilitchin in Hertfordshire and some
other locations in the south of England, the plant develops in favora-

ble localities into a bush 5 feet in di-

ameter and sending its spikes 5 feet

high, and furnishes an oil whicli

is claimed to be "far supei'ior in

delicacy of fragrance to that ob-

tained from the wild plant, or from

the same plant cultivated in any
other country." ^ The English oil,

in fact, has sometimes sold for ten

times as much as the F'rench. The
relative value of these oils will pre-

sently be referred to again.

In the Eastern United States

lavender, though grown in some
gardens, is not cultivated to any
great extent. In California it seems
to be more commonly planted, and

there can be little doubt that the

conditions in that State are favor-

able for its production. It is true

that the growing of lavender was
undertaken at Riverside some
years since and quickly failed, but

for economic rather than climatic

reasons. Mr. Zumbro, above quo-

ted, believes that it can be grown on

"dry land" there. The situation

in that region more or less resem-

bles that in which the i>lant natur-

ally grows around the ]Me<literra-

nean. It can not bo ex[)ected, however, that California lavender will

resemble the English. The character of the English i)lant is due to

the special conditions under which it is grown, namely, the mild,

moist air and the calcareous soil. The best FriMich oil must be set

up as a standai'd for California rather than the English. The two

oils are so different in kind that it is considered luirdly suitable to

compare them. The superiority of the English oil, however, has re-

cently' been attacked by Schimmel & Co., su[)ported by other authority,

Fio. 100.—Wild plant of ihe true lavender

[Lavandula anyitstifolia): o, b, calyxes of

flowers, the chief source of the oil.

' Sawer, Odorographia, ser. 1, p. 85&
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who regard the best French oil as finer.' If this view should be

generally accepted, the difference of price will disappear, except in

so far as the peculiar quality of the l*]nglish perfume ma}' enable it

to hold its place. In any case a fine lavender of the French tj'pe

will command a good price; and the quality will depend not alone

upon the plant, but upon the method of distilling. It is not impos-

sible, however, that locations may be found iu this country which

will yield a lavender more resembling the English. The "Black
Belt" or prairie region of Alabama and adjacent States, with its light

limestone soil, would seem ver}'^ inviting for experiments.

THYME.

Different species of thyme, but esijecially Thymus vulgaris L., gar-

den thyme, and T. serpylluvi L., wild thyme, are distilled for their

aromatic oils. The lemon-scented thyme, said to yield the most

agreeable perfume of all, is the garden variety citraius or cilriodoriis

of the latter species. As a perfumery material the oil of thj'me, accord-

ing to Piesse, is suited only for use in soaps, but is well adapted to that

application. It was formerly used as a source of thymol, but appar-

ently is not at present. For whatever purposes used the production is

considerable, some 90,000 pounds per year being distilled in the south

of France, Avh.ich furnishes the bulk of the world's supply. For the

last five years the importation into the United States has averaged

nearly 48,000 pounds, at a price of about 61 cents per pound.

The garden or common thjnne is native iu arid ground in Spain,

Italy, and the south of France, and is grown in gardens in England.

The French oil of thyme is derived wholly or lai-gely from a copious

natural growth of this plant, and hence competition may not be easy.

It would naturally bo experimented with in California along with lav-

ender. The wild thyme is more hardy, growing naturally through-

out Europe as well as in northern Africa. It lias been sparingly

naturalized from Massachusetts to Pennsylvania and in North Carolina.

KOSEMAKY.

Another labiate plant, Rosmarinus ofjicinalis L., is found along

with the common thyme and distilled in considerable quantities.

The oil is imported, though in less quantities than the last. "Otto

of rosemary is very extensively u.sed in perfumery, especially in com-

bination with ether ottos for scenting soap. Eau do Cologne can not

be made without it, and in the once famous 'Hungary water' it is

the heading ingretlient."^ The rosoniar}' has a stimulating effect, to

which is due the refreshing i)rop(Mly of i)erfumes containing it.

' Schimmel & Co, (Fritzsclie Brothers, New York). Semiannual reports, Octo-

ber, 1894; April, 1808.

'Piesse's Art of Perfumery, p. 2i)(].
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Rosemary slioiild be tried aloiijjf willi lavender and thyme i?i the

wai'ui and dry parts of Californi;i and the adjacent region. It is

grown to some extent in England, and the oil produced there, like

tliat of lavender, is specially valuable; it may prove successful along

with lavender in some P^astern State on a calcareous soil.

The sweet marjoram {Origanum majorana L.) is a plant similar in

character and product to the last tlii-co, and woilhy of trial logcthfr

with thom.
ORRIS OR IRIS ROOT.

Orris root has been imj)orted for the last five years at the average

rate of over 238,000 pounds, with an annual value of ^28,880, at a

price of 0.7 to 15 cents per pound, a price averaging much higher than

for an equal period earlier. It is a standard article, affording a per-

fume resembling violet, and the demand is likely to continue. The
root is the product of three species of iris, namely, Iris germanica L.,

I. paUida Lam., and I.floreutina L. The first of these is the common,
deep-colored, scentless flower-de-luce, or blue flag, of our gardens;

the second is similar, but of a paler color; the third is a plant of sim-

ilar size and habit, the flowers white with blue veins, faintlj' sweet-

scented. The thick, knotty rootstocks are the useful part. When
taken up and dried they slowl}'^ develop a perfume which does not

reach its maximum in less than tAvo years. Being extracted by dis-

tillation, it furnishes orris or iris butter. It is also ground up for use

in sachets. The wild plant was formerly gathered, but cultivation is

now i-esorted to, the vicinity of Florence and other parts of Italy

being the seats of its production. The crop is gathered once in three

3'^ears, the root being taken up and cut off just under the crown,

which is returned to the ground to root again and spread for the next

crop.

There is no doubt but iris can be grown in tlie milder parts of this

country where it is not too dry. It appears to belong naturally to

swampy ground, yet Henderson in his Handbook of Plants refers to

the tuberous-rooted kinds (those in which we are here interested) as

ver3- apt to be destroyed by snails or to rot fi-om too much >vet.

Experiment with iris need not be expensive, but the grt)wer can not

expect returns for four or Ave years. I>y planting successive years,

however, the crop would afterwards be annual. Iris germanica some-

times escapes from cultivation in Virginia, which would suggest its

adaptedness to that region, and it might pevhai)s do better in still

warmer latitudes.

BITTER ALMOND.

The oil of bitter almond has been import ed of late years at the rateof

about 0,000 pounds a year, the amount having risen to 10,000 pounds,

however, in 1897-98. The import price was <iuoted at §2 to S:5 per

pound for several years preceding the last, when it fell to $1.1.">. The
fall is probably due to the inclusion in the average of chemical
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substitutes. In Merck's Index for 1896 the retail price is quoted as

1(5.59. The genuine oil of bitter almond seems likely to continue in

demand. ^Messrs. Schimmel & Co., in their Semiannual Report, April,

1897, state as follows: "Almond oil, bitter, is very scanty and remains
in brisk demand notwithstanding all substitutes. It is indispensable

for articles of luxury and for the finer almond soaps."

The sweet and bitter almonds are varieties of Pruniis amygdaJus
Stokes {Amijf/dalu.s coniniunis Jj.), the bitter being distinguished as

variety amara. The almond tree has a general resemblance to the

peach, but its fruit is invested

with a leathery coat instead of

an edible flesh. The valuable

part is the kernel, which in the

sweet is the almond of trade

and in the bitter is poisonous.

In both, however, the kernel

furnishes a valuable expressed

oil which contains no poison,

but is used in medicine and in

a general way like olive oil.

The oil of bitter almonds is ob-

tained by maceration and distil-

lation of the cake left after

pressing the kernels of the bit-

ter, but not the sweet, almond.

It is not properly an essential

oil, but a substance known to

the chemist as an "aldehyde."

It is a dangerous poison, but in

very small amounts is in com-

njon use for flavoring as well

as for scenting.

The swiM't almond thrives in

Caliioiiiia aiul Florida, and at

least survives the winter in

favored districts in Michigan.

The bitter almond appears not

In liavo been grown in tliis country on its own account, but it has
been introduced into California as a stock for the sweet almond and
is al.so used as a pollenizer for the flowers of the latter, which does
not fruit well without cross fertilization. It is e(|ually hardy wiih

the sweet ahnond.

The question of growing tlie l»i1t<'i- almond, Hhmi, in California and
through the South is only a (|ueslioii of prolil. The fact that it yields

also tlie expressed oil might make the dilference between commercial
success and failure. The case seems to deserve experiment.

^?^>^x

Fui. 101.—Cassie or opoponax (Acacia /arncfiifina):

«, head of opcnod flowers; 6, homl of unoiieued
flowers.
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UMBELLIFEROUS AROMATICS.

Mention must be made in passinj^ of several umbelliferous plants

whose seeds yield to distillation oils used to some extent for perfuminj;.

In the list (p. 37S) occur anise, caraway, and fennel, the oils of which

were imported in 1897 to an aj2:gregate value of $88,000, of which b}' far

the largest part belongs to anise. A fact, however, which has a bearing

on the growing of these plants is that considerable amounts of their

seeds are imported, caraway here forming the bulk, with a value of

190,000, making with the oil an importation of almost %100,000 worth

of caraway products. This seems on the face an economic absurdity;

but when it is considered that the price of caraway is so low that the

production in parts of E^urope has been reduced it seems doubtful

whether it can be grown at a profit in this country, though the natural

conditions are favorable in the cooler and moister parts. Fennel hav-

ing run wild on the lower Potomac, the indications are that the domes-

tic supply could easily be grown there or elsewhere, but the demand
is small. The production of anise seed and oil is probably feasible,

and the demand is large enough to make it worthy of consideration.

Anyone undertaking the cultivation of this class of plants should con-

sider also dill and coriander, which are moderately used in perfumery,

VIOLET.

The European or "English" violet {Viola odorafa L. ) is extensively

grown in the south of France and in the vicinity of Florence for the

extraction of its perfume. There are numerous varieties of this violet,

of which the " Neapolitan " is one, and of which the " Double Parnia"

is said to be preferred for i)erfumer}^ purposes. While Viola odorata

is common in England and the cool countries of Europe, its odor is

best developed southward; yet it can not bear the full brunt of the

southern sun and consequently is grown under olive, orange, lemon
trees, etc., though this practice seems to be on the decline.

The perfumery culture of the violet in this country can be thought

of only for the warmer regions. Its culture for general purf)oses is

already highly developed in California, where it is grown under great

oaks and in other shade. But favorable as the natural conditions

maybe there and in the South, it must be considered that the exi)ense

not only of growing but of gathering so small a flower in the quan-
tities required for extraction is verj^ large. Thus, even in Europe the

cost ot the perfume becomes so great that true violet in a pure state,

notwithstanding its attractiveness, is little used. A tincture of orris

root or a composition of orris root with other ingredients is used in

its stead. The cassie odor, next to be mentioned, may also be con-

sidered as to someextent a substitute. Lately a syntlietic violet odor

called ionone has been announced by Schimmel & Co.

Sooner or later violet perfume will probably be extracted to some
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extent in this country in connection Avilli otlier lines of. perfumery

production. An attempt to make it a main line under existing con-

ditions would almost certainly fail.

CASSIE OR OPOPONAX.

A perfume with some affinity to that of the violet is j-ielded by the

Acacia farncsiana (L.) Willd., known to the French and to the per-

fumery trade a3 cassie, but in this country in the South as opoponax.

The name cassie and also that of "huisaehe" are known in Texas.

Opoponax or opopanax is proi^erly the name of an umbelliferous plant

growing in Sicily, S^'ria, and India, which in the Orient affords a gum
resin used in perfumery. Doubtless a resemblance in odor connects

the cassie with this plant.

The Acacia farnesiana is a small tree becoming 20 or 30 feet high,

armed with small spines and bearing pinnately compound leaves with

extremely small leaflets. The source of the perfume is the flowers,

which are borne in small round heads of a yellow color, singly or

clustered in the axils of the leaves (fig. 101). The tree is either

native or introduced through large parts of the tropical and subtrop-

ical regions of the earth. It is extensively grown in the south of

France for its odor, which is extracted by maceration, also by enfleur-

age. The perfume belongs to the finer class, and is highly recom-

mended by Piesse.

The ca.ssie tree grows so naturally in southern Texas that Professor

Sargent regards it as indigenous there. It is spontdineous thence east

and west along our southern borders near towns, being planted for

ornament. The flowers from the wild tree might be utilized in Texas,

but it does not seem probable that that region is adapted to general

perfumery farming. In southern California and in Florida it might

be grown in connection with other perfumery crops. According to

Mr. Moulie, an immense crop of flowers could be secured in Florida

within a period of five years.

There are several other acacias that deserve attention from a per-

fumery point of view, but the limits of this paper forbid specific notice.

TUBEROSE.

The well-known tuberose {PoUanthes tiiberosa L.) is one of the

staples of the flower farms at Grasse, in the south of France. There

is no reason to doubt its success as a perfumery plant in Florida and

other favored locations, so far as natural conditions are concerned.

Nortli Carolina now furnishes bul])s both for this country and Europe,

the bulbs attaining a blooming size by the end of the second year.

In Florida it is found difficult to prevent the bulbs from blooming the

8econ<l year, but for perfumery i>urposes oarly bloom is no disadvan-

tage. In the .soutli of Franco, according to one accotint, llie bulbs

are housed during the winter, but anotlior aiillioiity repres(>nts that
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in some locality lu^t spccificHl a plantation will hist seven or eii^ht

yeais. Mr. Moiilie' in Florida finds it profitable to leave the bulbs in

the ground three years before resetting. By setting out bulbs of dif-

ferent sizes in November he manages to have continuous bloom for

at least nine months of the year, beginning with April or ^lay. Mr.

Moulie estimates a large profit; still, liberal allowance must be made
for the cost of hand-i)icking and careful cultivation and for failures

due to unskillful management. The ijcrfume can be expected to

bring a good price. It is extracted by the enfleurage process.

JASMINE.

The perfume of jasmine is regarded as almost the only one which
can not be imitated, that is, by combination of other odors. It is

highly prized and brings a high price. The oil of jasmine is item-

ized in the Treasury- reports, although the importation is veiy small,

ranging from 9 pounds to 1,010 pounds per year. The price per

I>ound is quoted for one year as low as G4 cents, while in the report

for 1806-97 the price named is $44.31. Of course, very different sub-

stances are here included nnder the same name. The perfume of

jasmine is mostly extracted bj' enfleurage, but there is a very rare

distilled article described by Piesse, to which the last-named price

might belong. In no case could the true oil of jasmine l)e sold for a

fraction of a dollar per pound.

Jasmine is extensively grown in the vicinity of Grasse, the species

there used being Jasminum grandiflorum L., which is grafted on the

more hardy but less odorous J. officinale L. The Arabian jasmine
{Jasmimim samhac (L.) Ait.) is highly esteemed for its perfume in

India, and was recommended by Professor Flueckiger for trial in the

south of France. Neither this nor the grandiflorum will withstand
frost, a difficulty which is overcome at Grasse hy banking the plants

to a certain height during the winter. The production of jasmine in

the warmest parts of this country would be practicable so far as cli-

mate is concerned. The cultivation of the plants and the gathering

of the flowers would necessarily be expensive.

NATIVE PERFUMERY PLANTS.

The present paper barely admits of calling attention to the fact

that a few American plants already yield perfume oils on their native

ground, and that many others ought to receive attention from this

point of view. Oils of sassafras and wintergreen are distilled in

considerable quantities, the former in the South, the latter in the

North. These are used for scenting, but probably more largely for

flavoring. Both are in demand in spite of the exi.stence of synthetic

'Am. Soap Journal and Perfume Gaz., February, 1891, and in a letter. At first

Mr. Moulie replanted each two years.
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substitutes. The oil of wintergreen is now produced mostly or ex-

clusively from the sweet birch {Beiida lenta L.),the oil being identical

with that of true wintergreen and more cheaply obtained. The wood
of the red or pencil cedar yields a finer perfumery oil than the cedar

of Lebanon, and it is now distilled in this country as well as in Ger-

many. The rootstock of the wild ginger {Asarum canadense L.),

known in trade as Canada snakeroot, furnishes an aromatic oil which
has a place in price lists. It is said to be used for strengthening other

perfumes. The leaves of the sweet golden-rod {Solidago odoro. Ait.)

furnish an oil with an anisate odor which is sparingly distilled. The
perfume of the large-flowered magnolia {Magnolia f<Btida L., or, as

better known, 31. grandiflora L.) appears to have been sparingly

extracted in Europe, but it is more often imitated than drawn from
the natural source. Magnolia virginiana L., the sweet bay, swamp
laurel, etc., of Eastern and Southern swamps, exhales a powerful aro-

matic fragrance which might well be available for soaps and perhaps

for finer purposes. Mr. Moulie, in Florida, has utilized the flowers

of the yellow jasmine {Gelseminm seni2yervirens (L. ) Ait. f., not

to be confounded with true jasmine). No attempt can be made at

present to furnish a list of plants worthy of experiment.

ECONOMIC CONSIDERATIONS.

The two p(}ints of difficulty in the way of producing perfumery
materials in this country are lack of information and experience and
the cost of labor. The first of these by itself is no great obstacle.

The art of distillation is already practiced, not only in the cases men-
tioned above, but in the considerable industries of extracting the oils of

pep[)ermint and of eucalyptus. To grow lavender and distill its oil does

not require a specially greater intelligence than to grow and distill pep-

permint. The processes of maceration and enfleurage can be learned

independently, especially by persons of some chemical knowledge or

acquainted with kindred arts; but anj'^one undertaking perfumery
making on a large scale should certainly have expeit assistance. To
know what plants to grow, and whei'e and how to grow them, requires

experiment, which might well be conducted by the State experiment
stations or by persons of means who are willing to risk a little capital

for the public good. But persons of moderate means, who derive

their support fiom other sources, may in suitable localities wisely

conduct exi)eriments on a small scale with the purpose of expanding
their operations in case of success. Nothing good is to be expected

from that class of expei'imenters who, without capital, knowledge, or

patience, are merely seeking bonanzas.

The relation of the perfumery business to the labor question

dep(Mids sonunvliat nj)on the mjinncrin wliich it is undertaken. Three
ty])es of melliod tnii_\' be dist ingnisheil :

(1) A company or a capilalist. may procure land, set. up a ph'int,
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and hire labor to grow and Iiarvest tlie crop, as well as to extract the

perfume. This enterprise might confine itself to the production of

raw material, or might add the pre[)aiation of perfumes for tlie market.

('2) An extracting plant might be established with the purpose of

securing its matei'ial from adjacent growers, whose product at first

might be contracted for in advance. Such an enterprise would follow

the same genei-al method as a creamery, and might be conducted coop-

eratively. A modification of this type would be the plan somewhat
followed in the peppermint business, under which the producerof the

herb hires his product distilled at an establishment making distilling

its business.

(3) Farmers, gardeners, etc., can grow perfumery plants together

with their other crops, and extract their own perfumes. In this case

the perfumery crop would be a side line, at least at the start.

The first of these plans would have the advantages of system and
operation on a large scale and presumably of suitable appliances and
expert direction. It would, however, have to encounter the problems

presented by the labor question in their fullest strength, while the

impatience of capitaUor quick returns would stand in the way of the

gradual surmountalof difficulties. An undertaking of this type pure
and simple would be the least encouraging of all. If, however, the

capitalist were himself an expert and capable of managing the busi-

ness the outlook would be much improved.

The second plan would have the great advantage over the first that

small growers would probably accept a less price for their crop than

it could be grown for with hired labor on the capitalist's farm. The
small grower could often atTord to do this, because by utilizing his own
labor and that of his family more fully he could make an addition to

his income without increasing his expense, and in other cases, because

the retui-ns from his farm by this means, if not large, would at least

be larger than he could gain from other crops. This plan, conducted
cooperatively or otherwise, is a good one, but could be entered upon
more safely where some individual has alreadj' proved by experiment
the i^ossibility of commercial success.

The third plan has much to recommend it, though not as final and
exclusive. The success of individuals on their own farms would
almost surely be followed by entei-prises of the second, and perhaps
of the first tyi)e. Yet the assumption is to be deprecated in advance
of experience that perfumery making can not in souie situations be
profitably conducted as a domestic industry. A small still is not

expensive, nor is the apparatus for enfieuiage. A considerable item

of attar of roses, for instance, might, aside from the rough work of

growing the bushes, be produced by the women and children of a

family. A woman occasionally would be able to produce perfumery
when no other productive industry was available to her.

The case should be mentioned in which wild material or waste



398 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

material of other aiduslries can be had for the gathering. A few

wild phmts are already, and more may be, used for this purpose,

while the fallen orange flowers may be had gratis or for a small

sum by pit-king up—a labor to be expedited by spreading cloths.

That class of labor, which digs ginseng and gathers berries and nuts

for the market, would be forthcoming upon a demand of this kind.

While the cost of labor will still create difficulty, especially for capi-

talistic enterprises, the time seems ready for some advance in the mat-

ter of perfumery farming. Several essential oil industries are already

in existence, and it will doubtless be found, as the overcrowding of

other industries is more and more felt, that new activities of this

class are feasible in particular localities.



THE MOVEMENT AM) KETENTION OF WATER IN SOILS.

By Lyman J. Briggs,

Afsistcmt Chief of DiHsion of Soils.

SURFACE TENSION OF WATER.

All liquids, when perfectly free to move, lend to assume the form of

a sphere, which presents the least surface area for any given volume

of the liquid. This tendency is illustrated in the spherical form of

the raindrop and in the spherical water particles of fog and escaping

steam. The phenomenon is due to the fact that the surface particles

of the drop are more strongly attracted by the particles in the interior

of the drop than by the surrounding air. When a liquid is brought

in contact with a solid which it wets, we have the reverse condition,

that is, the attraction between the liquid and solid particles i« greater

than between the liquid particles, and the liquid spreads over the sur-

face of the solid. In both cases, however, the attraction between the
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Fio. 102.—Two soap buljljles connected by a tube sliowing the movement which t:ikos ]-.lace

duo to the difference in curvature.

liquid ])articles exists, tending to bring the li(iui(l into a splu'i-ical

form. The action is the same as if the surface of the liquid consisted

of a sti-etched elastic membi-ane having a uniform tension. The t(Mi-

sion per unit area which this imaginary membrane must posse.s.s to

bring about the observed phenomena is called the surface tension of

the li([uid. This surface tension changes with the temperatur<» and

with the substances dis.solved in the li((uid, but it is practically

indei)endent of the form and e.xlenl of the surface.

CAPILLARY MOVEMENT OF WATER.

Since the action of surface tension is lo reduce the surface as much
as possible, a curved surface will exert a picssure in the direction

toward which contraction is moving the surface. It is this eapillary

•MO
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Fi(i. Iit3.-Cai)illary

water held be-

pressuro wliicli causes the movement of water in soils. It is imiior-

tant here to distinguish between tlie surface tension, which is inde-

pendent of tlie form of the surface, and tlie pressure of the capillary

water surface resulting from the surface tension, but which is highly

dependent upon the form of the surface.

If a large soap bubble is blown on the end of a tube

and a smaller one blown on a similar tube, and the

two tubes brought together so as to have a clear air

passage from the interior of one bubble to the interior

of the other, as in fig. 102, it might be supposed that

the larger l)ubble, having more surface, would con-

tract and blow air into the smaller one until the two

were of equal size, but the reverse takes place. Each
l)ubble has the same tension per unit area of surface,

but the smaller one, having the greater curvature,

exerts more pressure and contracts until it is but a

mere film across the end of the tube, with the same

radius of curvature as the large bubble, when equilib-

rium is established and all movement ceases. This
tween two soil pressure, which is dependent upon the curvature of
grains (greatly ^ .1 1 <- ^i -ii

enlarged). the surfacc, IS the real cause of the capillary move-

ment of water in .soils.

Fig. 103 represents two grains of soil greatly exaggerated in size,

with a film of water around and between them. Fig. 104 represents

that portion of the water between the grains in more detail. It will

be seen that there is double curvature—a curvature from c to (/, while

the figure has also a narrow waist bounded by the lines a b. This

double curvature plaj's an important [)arl in the capillary movement
of water in soils. If there is veiy little

water attached to the grains, the curva-

ture of the lines c d will be vei-y great, and

the i-esultant pressure outward will be

greater than the inward pressure along a h.

If thei-e is much water between the grains,

the pressure due to the curvature of the

lines (I h may be greater than that result-

ing from the diminished curvature of the

lines c <L From the direction of the

curves the pressure due to the curvature

of the waist a h always tends to operate in

the opposite direcition fi-om the pressure

on the curve c d. If the curvature of the waist is exactly equal lo the

curvature of the line c d, theyvvill exactly balance each other, iuid

such a suifacj! is called a surf;ice of ua jtressure, or a catenoiil.

Fig. 1(1.") illustrates in detail the direction of the resultant and efli-

cieiit i»icssure i\u(' to the eiirxjilure of the surface, as shown by soap

Fi(!. 1(14.—Form of the capillary

water 8urfafc.
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bubbles supported between two parallel wire rin.^s. The middle curve

in the fij^ure is drawn so that the curvature of the waist is exactly equal

to the curvature from top to bottom. This is a surface of no pres-

sure, equivalent to a plane surface of water, and there is no tendency

for the water to move in or out. The out-

side curve in broken lines has a greater

curvature in the waist than from top to

bottom, and there is consequently a pi'es-

sure inward, as indicated by the arrow,

and water tends to be squeezed out from

between the grains if the waist is free to

contract. That there is a pressure inward

is seen from the fact that the films across

the rings at the top and bottom bulge out.

When the waist is small, as indicated by
the inner curve in the figure, the vertical

curvature will be increased and the pres-

sure will be outward, as indicated by the

arrow and as seen bj' the bulging inward of the films at the top and
bottom.

In fig. 100 it is easy to see the application of this to the capillary

movement of water in soils. The figure represents three grains of

soil with a film of water surrounding them. For the purpose of illus-

tration, less water is shown in the space on one side of the middle

Fig. 105.—Variation in the direction

and mai^nitude of the i)res3ure of

the capillary surface due to the

form of the surface.

Pig. 106.—Diagram showing three soil grains surrounded by water ttlms: Straight arrows indi-

cate direction and magnitude of the pressure of the capillary water surfaces; curved arrows
indicate movonieiit of water resulting from difference in pros.sure.

grain than on the other side. In the capillary space where there is

little water, the waist is small and the curvature is great; consequently
there is a pressure outward, and the waist tends to enlarge until it has
the same curvature as the other surface. In the space wliere there is

1 ADS :.'(;
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more water IJie waist is largo, tho curvature is small, and there is a

pressure inward. The waist tends to become smaller until the curva-

ture is the same as on the other surface. These pressures, therefore,

may act together, one to pull and the other to push water through the

thin film surrounding the middle grain until the curvature of the

waists in each space is the same, when equilibrium is established and
movement of water ceases. The one important factor, therefore, which
determines the capillaiy movement of wat«r in soils is the curvature

of the capillary water surface. If two soils are placed in contact,

one being wet and the other drier, welter will move from one to the

other if there is any difference in the

curvature of the capillary water sur-

faces, and this movement may be fi*om

the wet to the drier soil or the reveree,

as will be explained.

If two soils in contact have the same
texture and the same compactness, the

curvature of the capQlary water sur-

faces in the drier soil will be the greater

and Mater will be drawn from the wet
soil until the curvature of the surfaces

is the same, when each soil will con-

tain about the same amount of water.

With 10 per cent of water in a coarse

sandy soil the waists will be relatively

large and the curvature slight. In

a fine-grained silt or clay soil the

same amount of water would be con-

tained in a great manj- capillary spaces,

as there are many more grains in a

unit volume, and the curvature of the

water surfaces would be much greater.

Tliei'cforc water may move by capillary

action from a comparatively dr^' soil of

coarse tejcture into a fine-grained soil

actually containing more water. Further, a loose soil has a less num-
ber of grains and of capillary spaces than a compact soil of the same
texture. With the same percentage of water the capillary water sur-

faces in the ("onipaet soil will have the greater curvature and will

draw water from the loose soil. Hence follows the etlicienciy of sur-

face cultivation and of the "dust mulch" in preventing evaporation

and loss of water from the surface of tlie ground. The dust has

little or no power to draw water up from below, and, conversely, this

explains the efliciency of rolling to draw water to the surface for

germinating seed.

In lin<'-texture<l soils there are not only more; capillary spaces, but

they embrace a largfr propoitioii of ihc whole interstitial space, and

<;48
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2 4. 6
Per cent moisture

Fio. 107. -Uniform distribution of the

water content of au orchard soil at

Niles, Cal.
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when the soil is of considerable depth they have a greater capacity for

water. This is important in its relation to drainaj^e and seepage, a

subject which can not be developed in th<' limits of this i)aper.

rs'FLUENCE OF TEXTURE OF SOILS UPON MOVEMENT OF WATER.

Three illustrations will be given to show the influence of the texture

of the soil upon the movement of water.

Ililgard and Loughridge describe, in Bulletin 121 of the California

experiment station, the conditions in two apricot orchards at Niles,

Cal. The orchards are separated only by a road, and the soils are

believed to be exactly

similar, and, like many
of the western soils,

are veiy uniform to a

great depth. During

the excessive drought

of the summer of 1898

one was continuously^

cultivated, and the

growth was very satis-

factory. The other was
not cultivated, as it was
considered unneces-

sary. The growth in

this case was very small

and unsatisfactory. In

July the moisture con-

tent of the two soils was

determined to a depth of G feet. The cultivated soil, notwithstand-

ing the luxuriant growth, contained on the average 6.3 per cent, while

the other contained only 4.2 per cent.

Fig. 107 gives a diagrammatic representation of the water content

of the two soils at the time of the observations. The water content of

the different depths in each soil was so nearly the same tliat the line

representing the water content of each soil is vertical, indicating that

the water has moved steadily and readily upward and the distribution

of the water has been uniform throughout the depth of the investiga-

tion. A quick adjustment, therefore, must take place througli the

capillai-y spaces to supply the loss duo to evaporation from the sui-face.

Such a quick adjustment is plainly of great advantage in supplying

crops with water and tiding them over periods of drought, provided

the surface iscultivated to conserve the water for the use of the plants.

Fig. 108 shows the moisture conditions in the soil at Takoma Park,

District of Columbia, during a dry period of about two weeks. The
top soil IS a loam, resting on a subsoil of rather heavy clay, and this,

in turn, is underlaid at about 20 inches with a gravelly loam. The
right-hand curve represents the moisture conditions after a period of

2i'

Per cent moisture ^"

Fig. 108.—Movement of watei- from the subsoil up into a layer

already containing a higher percentage of moisture.
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frequent rains. There is about 19 per cent of moisture 3 inches

below the surface, about 20.5 per cent in the clay subsoil, and 18 per

cent in the gravelly loam below. After a rainless period of two

weeks the water content near the surface had been reduced to 15 per

cent. The water contained in the clay subsoil had also been lowered

several per cent, while the water content of the gravelly loam below

had lowered nearly as much, showing the seemingly anomalous fact

of water passing up from a relatively dry subsoil into a layer contain-

ing more water, to supply loss due to evaporation. This is readily

understood from the principles already described, according to which

such capillar}' movements are determined by the relative curvature

8 10 i8/^ U le
Percent Tnoisiitre ""^

Fia. 109.—Movement of water from a heavy subsoil into a light .surface soil during a jieriod of

extreme drought.

of the capillary water surfaces, the adjustment of which often causes,

as in this case, an apparently anomalous movement in a direction

the opposite of what might be expected from superficial observations.

Finally, fig. 109 illustrates still another type of condition in the

soil at Lexington, Ky. This soil becomes continually finer in texture

down to the lowest depth of observation. The diagram represents a

period of seventeen days of dry weather following a period of wet

weather. The right-hand curve again represents the moisture condi-

tions at the beginning of Ihe dry period. In eight days the conditicms

had changed, as indicated by the middle cui-ve, showing that up to

this point most of the loss had been from the surface foot. By this

time the cui-vat ure of the caijillary wati.M- suriaces was the sauH* as in

the heavier chiy below, and thiM-caftiM- the loss was felt throughout (he

lull (lcj)ih of -2 feet and the curves became nearly parallel, sliowing a

nearly pi-oportional loss of water. The curvature of the water sur-

faces in lliis case is seen to be equal only when there is about twice

as inuch walcr Ix'low as above.



SAND-BINDING GRASSES.

By F. Lamson-Scribner,

Agrostologist,

INTRODUCTION.

In many parts of the world, particularly near the coasts, there are

areas of greater or less extent covered with drifting sands. Some of

these sand-covered areas are of such extent as to constitute real

deserts and to be practically unreclaimable. There are others, how-
ever, which, with comparatively little expense, maybe brought under
cultivation or covered with forests. The most notable instance of

reclaiming a barren and sandy waste is that of Gascony, on the west

coast of France. Here some 300 square miles of territory, which
offered nothing to the eye but a monotonous repetition of mountains
of sand, perfectly destitute of vegetation, has been reclaimed; forests

now occupy this once desert waste, and the land affords, through the

introduction of new industries, steady and remunerative emploj'ment
to a comparatively large population. This work in France was under-

taken by the Government in the early days of the present centurj',

and required many years for completion.

FORMATION OF SAND DUNES.

In the United States areas of drifting sands occur along the Atlantic

and Pacific coasts, along the shores of the Great Lakes, along soiiu^ of

the larger rivers, and at various points in the interioi-. (See PI.

XXVIII, figs. 1 and 2.) In some places the drifting of these Siinds is

a serious menace to profitable agriculture, and along the coast there

is often danger, through the shifting of the sands, of seriously inter-

fering Avith navigation. Very little has been done in this country in

the way of binding or fixing these sands. Some work of this nature

has been carried on in the vicinity of San Francisco, Cal., but tlie

most interesting case of the kind is that now being conducted in

Massachusetts, near Provincetown. The Province Lands on Gape
Cod are practically covered with a succession of great sand dunes,

upon winch there is a sparse growth of beach grass and various small

shrubs and weeds peculiar to such locations. The formation of these

dunes results from the action of the winds and waves. The sand is

thrown up along the shore bj' the waves and tides, and as soon as it has

become dry, high winds carry it inland and over tlie surface of the

country until arrested by some fixed object, where a mound is soon

formed, which is gradually increased b\' fresh additions of sand; thus,

the dune is formed, sometimes reaching a height of 2uO feet or more.
405
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The natural foi-ination of these dunes is by no means regular. Breaks

occur here and there in the line, and through these gaps the sand is

driven to form dunes ahead, until the country may present the appear-

ance of seas of sand, with the crest of the waves more or less parallel

to the seashore and at right angles to the prevailing wind. (PL

XXIX.) The whole mass moves slowly forward under the influence

of the strong winds, fresh sand making good the loss from behind.

The rate of movement is variable; sometimes it is as much as 70 feet

per annum and at other times the advance is scarcely jjerceptible.

WORK FOR HOLDING THE SANDS IN PLACE.

These statements in regard to the formation of dunes on the sea-

coast are taken from a published account of the sand dunes of Gascony,

known as the " Landes," but they apply equally well to the Cape Cod

region. The moving of the sands at Cape Cod has been a menace to

the hai-bor of I*rovincetown, and attempts have been made to hold

the sands in place. The United States Government undertook to do

this nearly seventy years ago, but owing to lack of system in the

work very little was accomplished, and no evidences remain of the

work then done. Four years ago the State of Massachusetts began

operations for holding the sands in place, and a brief account of the

work so far accomplished is given under "Beach grass or Marram
grass." It may be well to mention here the general system employed in

the work conducted on the coast of France, and the following descrip-

tion of the method pursued in cutting off the supply of sand is from

the Agricultural Journal (Cape Colony), Vol. VIIT, February, 1895:

Cutting off a further supply of sand.—As has already been said, the

source of the sand is at the seashore, and it is therefore necessary to adopt some

mea.sures to intercept the fresh supplies of sand from the shore to the dunes.

The measure adopted is based on the fact that while air currents are capable of

moving this sand along level or gently sloping ground, they are unable to raise it

above a certain height. It is therefore necessary to construct an artificial barrier

of sufficient height to intercept the advance of the sand from the shore. This

artificial barrier is known as the " Droie Littorale," and its construction is our

first point.

Fortnation of the Dune Littorale.—The old official system of constructing the

protecting dune may bo briefly described as follows: At a distance of from loO to

200 yards from high-water mark a wattle fence some 40 inches in height is erected,

parallel to the general coast liuo and at right angles to the direction of the prevalent

wind. The drifting sand in its forward movement is arrested by this fence, and

mounting up to windward forms a gradual slope toward the sea (fig. 110, a).

After .some little time this fence is overtopped, and a second is put up some 6i

feet from the base of the steej) leeward slope formed partly by the sand which has

been forced through the interstices of the first fence, and i)artly hy the sand which

has blown over the top and i)arallel to the first fence. The sjiaco between these

two fences is soon filled up, and the embryo dune assumes the profile shown in

fig. 110, b. Midway Iwtwcen the two fences a palisade is erected. This palisade

is formed of pine planks, sharpened at one end, 5 feet long, 7 inches to 8 inches

wide, and 1^ inches thick. These i)lanks arc driven into the ground some 20

inches and three-(iuarters of an inch apart, th<ir breadth being at right angles to
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Fig. 1. -Planting Beach Grass at Cape Cod. Mass.

Fig. 2.- Natural Growth of Beach Grass at Cape Cod. Mass.
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FiG. 1.—View at Cape Cod, Mass.. showing general Appearance of the Country.

•¥

Fig. 2. View at Cape Cod, Mass., showing Sand Drifts burying Forest Trees.
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the direction of the wind. As the sand drifts up to the windward or west slope

of the dune it is again arrested by the palisade, thougli part of it filters through

the interstices between the j)]ank8 and forms a steep slope to the leowar<l, which
serves as a support to the plank=. The sand now gradually niounts up, and when
nearly flush with the top of the palisade (fig. 110. <•), the latter is levered up some
24 inches. This i)rocess is continued until the dune is some 2.5 to 30 feet high,

when a cordon of fagots is planted on the summit of the dune just to ^vindward

of the palisade (fig. 110, e). The palisade is now left in this position until a third

fence, which has been erected some 5 or G feet to the east of the leeward .slope, is

overtopped, and the base is increased, without affecting the height, by the sand

blowing over the tops of the palisade and cordon (fig. 110,/). When this fence

is covered the palisade is moved back a few feet (fig. 110, g), and the sand coming
over the tops of the cordon fagots fills in the space between them and the palisade.

The latter is again levered up, and the process continued until the dune assumes

the final profile- required, shown in fig. 110, h. The formation of the artificial

dunes usually requires a period of from fifteen to eighteen years. The growth is

naturally irregular, being dependent on the season. Steady, strong winds are

the most favorable. On the completion of the dune the surface is consolidated Ijy

half burying, in a vertical position. fagot.s composed usually of pine branches.

These fagots have usually a circumference of some 14 to 16 inches and a length

of 30 inches, and are planted from 14 to IG inches apart. Between those fagots

is sown the seed of the beach grass " Gourbef {Ammophila arcnaria), in quantity

about 13 pounds to the acre. The cousolidation is naturally only requisite on the

summit and windward slope. This old system, which is merely a modification of

that of Bremontier, has lately been superseded by the much cheaper and equally

effective method of ]M. Grandjean. The difference between the two systems is

that under M. Gi'andjean's system beach grass is the only instrument employed
to fix the " Dune Littorale,'' save when neglect or accident necessitates the employ-

ment of cordon or fascinage. The method of employment is extremelj- simple, and
under good management and careful supervision the work done is very regular,

though without this good results can scarcely be looked for. The beach grass, of

which a description is given further on, and which is eminently suited to give that

flexible form of resistance so desirable, arrests or lets slip the sand according to

the density of the planting: the greater the density the more is the movement of the

sand impeded, and vice versa. By regulating the planting carefully, the forma-
tion of the dune is kept under control, unless, of course, in case of accident. As
the sand gradually rises, the beach grass, growing vigorously and putting out
fresh rootlets at the nodes as they become covered, keeps pace with it. Of course,

it would be diflicult to give a detailed description of the system, and it could only
be done by numeroiis examples of the method of treatment. It may suffice to s;iy

that beach grass is put out in tufts of some four to five plants each, at a distance

apart dependent on the special requirements of the work, and that care and atten-

tion in preserving this density and immediate repair of any damage, and protection

against any threatening danger, is all that is re(iuisite; nature does the rest. M.
Grandjean "s system is perhaps not so rapid in its work as the older, but still it

possesses undoubted advantages in economy and regularity.

This quotation is made here Kimplj' to afford suiruostions to those

who may have to undeitakc a work of a similar kind in tins country.

The i)urpose of this paper, however, is not to deal with the final hold-

ing of the sands by forest trees or other means used in the work of

sand binding, but to call attention to the various grasses which have
been used for fixing shifting sands and which may be ela.ssed as

sand binders.
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Fio 110 -Formntion of "littornr" sand duno by tho uso of paling's and faints: M", west; E,

oaat; («).«, position of first wattio fenoo; ('.), <•«, position of socoud wuttlo fenoo; (O.aci,

wattle fenrc, with p palisado; ('/), a «, wattio foncoa. with ?.' paUsado whon raised; '.f).a a

wattle f.MM-os, with c cordon of fagots to windward, p palisade, and a tliinl wattle fence on

extreme right; (/.).art,a, watt'.o fences, with c cordon ..f fa,'ots, and ;.' p:ilis;ide elevated;

(!/). a n.a. wattle f.wic,,s. with r cordon of fagots, and />" palisado moved to right or looward;

(h), littoral duno complete, with c cordon of fagots, and ;/" palismle.
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NATIVE GRASSES ADAPTED TO ALMOST EVERY SOIL AND (JLLMATE.

Among the 800 species of j^rasses native to the United States, there

are kinds adapted to almost every condition of soil and climate. There

are some which are found only on the mountain tops or in tlie arctic

regions; there are others whicli do not extend north of the Gulf coast;

some are found along the Atlantic coast region, while otluM-s are oidy

met with in the Pacific slope; there are some wliich grow in dry and

almost desert regions, others which are found oidy in hnv and marsliy

places; there are some which

thrive only in heavy clay soil,

and others which seem to flonr-

ish in soils of almost pure sand.

It is this last group—the grasses

of sandy soils—which will form

the subject of this paper. That

this subject is an important one

is manifest by the frequent in-

quiries addressed to the Depart-

ment for information respecting

grasses of this class. One of

these grasses has played an im-

portant part in reclaiming the

land along the west coast of

France and in defending the

coast of Denmark and Holland

from the encroachment of tlie

sea. It also has been esi)ecially

valuable in the work that is be-

ing conducted in Provincetown,

Mass. Some of these sand-lov-

ing grasses are natives of the

sands of the seacoast and are

rarely found far inland, while

others are confined to the inte-

rior regions of the country. All

have deeply penetrating roots

and a more or less creeping

habit, either by rhizomes (root-

stocks) or by prostrate stems,

which take root at the joints. They nearly all seed fively, and are

projjagated either by seed or by root cuttings or by transi)lanting.

Fic 111.—Beach ^rass ( Ammophila arenaria): a,

empty gluuit's; 6, floret; r, i)aloa.

BEACH GRASS OK MARKAM (;KASS.

Beach grass or marram grass (Ainmopliild. (irenarin, fig. Ill) is the

best known of the true sand-binding grasses, and the one which has

been most employed for holding the sand along the coasts, both in
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this country and in Europe. It 1ms been regarded as of so much
value in some localitie.s that laws have been enacted for its protection

and preservation. It is probably the best grass cultivated as a sand
binder, its peculiar habit of growth making it especially well adapted
for such a purpose. It grows from 2 to 3 or 4 feet high. Its long,

tough leaves are not cut or injured by the blowing sands. The
flowers are in a close, spike-like panicle, terminating the stem; the

creeping underground roots or rhizomes extend horizontally, often for

a considerable distance, and their course is indicated by a succession

of plants which spring from them and which diminish in size as the

rhizomes extend from the parent stock. The peculiar habit of this

grass, and one which especially adapts it for binding sands, is this

power to continue the upward growth when partially buried, sending

out new roots from the nodes as these are covered b}^ the sand. In

fact, this partial burial caused by the sifting of the sand in and
around the stems, seems to be necessary to the existence of the grass,

for it is often noted that in locations where for some cause the sand

no longer shifts this grass gradually dies out. The summer growth

is often buried one-half or two-thirds by the sands which are blown

over the grass during fall and winter seasons, and in the spring there

is a new line of lateral roots sent out from the upward growth of the

main stock. This main rootstock, which carries the successive

growth through the seasons, is often of remarkable length, sometimes

extending downwards 30 to 60 feet or more into the sand, the grass

having grown up with the dunes in their formation.

Beach grass is a native of the sandy shores of the Atlantic coast,

both of this country and Europe, and also occurs along the shores of

the Great Lakes. It is especially abundant on the sandy coasts of

New Jersey, and the natural growth of the grass at Cape Cod (see

PI. XXVIII, fig. 2) has doubtless done much toward preserving Prov-

incetown and its harbor from the encroachment of the sands from

the north and west. Virginia appears to be the southern limit of

beach grass, its place being taken by grasses of other species froin

that State southward. It has been introduced around San Francisco

and, strangely enough, the propagation there was made from seeds

imported from Australia, where the grass was carried many years ago

from Europe.

Heach grass is propagated by seed and by transplanting. The lat-

ter motho<l is, poi'haps, nu)st pi'acticed and the most economical. If

seed is used, it is necessar}' to cover the sand with brush or fagots

in order to hohl it in place while the young plants are starting into

growth, otherwise the seeds are a])! to be either vei-y d(M»[)ly buried or

entirely l)lown away. When propagated by transplanting, vigorous

plants are selected, pulled up by hand, and set out in locations wliere

desired. Usually a bundle of half a dozen plants is held together

by one man, whiU; anotjjor with a long spa<b? makes an opening in the
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sand, into which the beach grass is inserted considerably beh^w ihe

crown, when the spade is withdrawn and the sand pressed around tlie

grass. The manner of transplanting on the Province Lands of Massa-

chusetts is shown in PI. XXVIII, fig. 1.

Experience at Cape Cod has demonstrated that transplanting is

most successful if made in the fall, as at that sea.sou the growth of roots

is greater and the chances of success consequently increased. There

has been very little loss of grass in the transplantings at Cape Cod,

which have been under the immediate supervision of Capt. James A.

Small. The sand has been held in place over the entire area planted,

now amounting to some 00 acres. The first planting at Cape Cod

was made in the spring of 1805, but, owing to lack of experience

in selecting the plants, the area covered by planting at that date does

not present so good a showing as that planted in succeeding seasons,

or even that planted in the fall of the same year. Captain Small

states that no sand has moved where he planted the grass, and now it

is possible for him to scatter seeds of shrubs or trees over the planted

area with a full assurance that a growth maj" be secured. Tlie object

of planting the grass is to hold the sands in place until they can lie

firmly fixed by the growth of trees.

The cost of transplanting beach grass at Cape Cod has been from

$G0 to $Go per acre, and it requires fifteen men and one horse about

two days, working nine hours per day, to cover an acre with plants.

The grass is not planted in rows, but in quincunx or irregular order,

1 to 2^ feet apart, according to the slope. It may be added here that

Mr. Small has now in the grass-planted are<is a growth of fine young
pines of various species, including the native pine [Pinus rigida),

Scotch pine (P. sylvestris), seaside pine (P. maritwici), and Austrian

pine (P. austriaca), and he has successfully grown Scotch broom
{Genista scoparia) and bayberry {Myrica cerifera), the latter a

native shrub of the cape.

There is such an extent of natural growth of beach grass at Cape
Cod that seed sufficient for general distribution or for the markets

might readily be harvested. The grain or seed itself is very small,

but it is inclosed in rather large chatf, so that the "commercial seed"

is very light. The seed may be sown either in the fall or spring,

according to the local conditions or the requirements of the case. If

sown in spring, there is danger of the young plants drying out or

burning up during the summer months. In any case, the samls must

be held in place while the joung plants are making their first growth

and developing a root system. This can be done by laj'ing on brush,

or by any arrangement which will accomplish th(» end in view. The
manner of growth of beach grass is shown in tlie illustration, and it

will, of course, be seen that it is not at all adapted to covering sandy
soil where turf is desired, althougli it may be utilized to hold the siind

until a turf can be secured through tlie growth of other grasses, seeds
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of wliicli may bo sown with the beach grass. For most grasses the

addition of some soil would be necessary even then.

Cattle will graze on beach grass when other vegetation is scarce, and
they will eat the grass with apparent relish early in the season when
the plants are young, or during very wet weather when the stems and

leaves .are somewhat softened. It can not be recommended for fod-

der, however, although it

makes excellent litter, and
is used for this purpose as

Avell as for thatch.

UPRIGHT OR SEA LYME
GRASS.

Sea Ij'me grass {Elymus
(irenarius, fig. 112) is

nearly as valuable as

beach grass and almost as

well known in northern

Europe. This grass is

comiiion along the north-

ern coasts of Europe and
on both the Atlantic and
Pacific coasts of North

America in the higher lati-

tudes. On the Atlantic

coast it does not occur

south of Massachusetts.

On the Pacific coast it is

found as far south as Ore-

gon, whei-e it occurs in

great abundance, grow-

ing on the sand dunes
along I he coast in Clatsop

County (PI. XXX). This

grass grows to the lieight

of from 3 to 8 feet. It

has long, narrow leaves, the upperiiKjsl, however, being very short,

and a dense spike, 6 to 12 inclies long, terminating the stem. The
habit of growth clo.sely resembles that of beach grass, but the leaves

are softer and the .seed IhnuI is more or less downy. The spikelets also

are two to three flowered, while in beach grass they are only one fiow-

ered. Th<5 habit of growth is precisely like that of beach grass. As
the sajid fills in around isolated plants there is the same upward

grf)wth of the main culm, and plants occur on the tops of the highest

dunes, witli the rise of which they have kei)t pace, their main root-

stocks penetrating to its very base. This grass also produces lateral

Fk). U~.— Sea lyme grass (Klymus arennrhis).
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Fig. I.-Sand Dune on the Pacific Coast. iSea-Lyme Grass covering the Top of

THE Dune and large-fruited Carex in the Foreground.'

mHI^^^
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creeping rootstocks, which serve to spread the growth. The manner

of handling this grass in propagation is the same as that described

for beach grass. The seed product is rather more reliable, although

the best way of propagation is by transplanting, by which more cer-

tain and immediate results are secured. This grass is not found away

fi-om the seashore, and no

record is at hand of its ever

having been successfully

propagated inland. At-

tempts are being made by

the Division of Agrostology

to determine whether it will

be possible to utilize this

grass in binding the sands of

interior districts by trans-

planting it from the coast

of Clatsop County, Oregon,

to the drifting sands along

the Columbia River in the

eastern part of the State.

This grass is not regarded

as having any. value for

forage. The seeds, how-

ever, are used for food by

the Digger Indians of Ihe

Northwest.

There is another species

of p]lymus {E. mollis) wliieh

grows in the sand dunes
along the Pacific coast, as

well as on the northern

shores of the Atlantic. It

closely resembles sea Ij^me

grass, but the stems and
flowers are sonu^what softer

in texture and more downy, and tlu^spikelets arc five to seven flowered.

BITTER PANIC GRASS.

Bitter panic grass {Panicum amarum, fig. 113) is a native of tlie

sandy shores of the Atlantic and Gulf coasts, extending northward as

far as Connecticut. At Sandy Hook it grows in largo patches in

apparently pure sand, which it elfectually lu)lds in place. There
appear to be two forms of this grass, the northern form being much
more slender and smaller in every way tlian the form found from Vir-

ginia southward. It has coarse, hai-d st<Mus, 1 to o feet liigh, a strong,

creeping rootstock, and rather broad and comi)aralivel.' soft leaves.

113.— Bittor panic grass {Panicum amariim).
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In llio northern form tho inflorescence is composed of a strict panicle

from <3 inches to a foot in lieight, wliile in the sontliern form the panicle

is mneh larjjer and more oi)en. This grass seeds freely, and althongh

no attempts have been made to cultivate it, it doubtless can readily

be propagated by seed as well as by its jointed and extensively creep-

ing rootstocks. It does not possess the liabit of growth which makes
beach grass so valuable in building up sand dunes, the rootstocks

being more horizontal in their

growth and the stems less in-

clined to send out roots from

the nodes. This grass might

well be used in connection with

beach grass in holding drift-

ing sands, and the two com-

bined would be very elTective

in securing the sands from the

force of the winds. As bitter

panic is a more southern grass,

it may be substituted for

beach grass in the locations

along the shores of the South-

ern States, where sand binders

are required. This grass will

not make a turf such as is re-

(juired for lawns, nor is it likely

that it has any value for for-

age, but it will cover the un-

sightlx' sandy soils with more
pleasing verdure tlian either

beach grass or sea lyme grass.

CREEPING PANIC GRASS.

This little sand binder (Pan-

innn re2')ens,r\g. 114) is widely

distributed in tropical and sub-

tropical regions of both lu'ini-

spheres. It is found along the

shores of the Southern States

bordering on the (4ulf, extending westward to Mexico. It has strong,

creeping rootstocks, rather still', upright stems, 1 to - feet higli, and
small Hi)reading panicles. It has no agricultural value, but it is a

goml sand binder, and on the sand duiu\s of the islands o(T the ooast

of ]Mississij)i)i it oceurs associated with bitt«'r ])ani(' grass, growing
with it upon the outside of tlie sand dunes, which are from 20 to 30

feet high, protecting them from the winds and waves.

There i.s another species of i»anic grass native to this count i y which

Fifi. lU.—Creeping: panic grass (Pcntimm rcpciis):

o, '*, r, spikclets; d, c, f, florets.
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is occasionally found in the sands near the seacoast. It is the s\\itc'h

grass or Panicum rirrjalinn. It is not, however, so distijictly a

sand-binding grass as either bitter panic or creeping panic grass.

Swilcli grass has very strong, scaly rootstoeks, which hf)ld the sand

quite firmly, but they are not extensively creeping. The grass is

seen growing in clumps of greater or less diameter. It attains a

height of 3 to 5 feet, and in some localities is regarded as a fairly

good grass for hay. i>y the

time it reaches maturit}^, r«v ^-^— - S.

however, its stems are quite

tough and woody.

SEASIDE OATS.

From Virginia southward

and along tlie Gulf coast sea-

side oats ( Uniola ijaniculafa,

fig. 115) is not an uncommon
grass, growing in the sands.

It is an excellent sand binder,

and at the same time is a

highly ornamental grass.

The stems grow to the height

of 4 to 8 feet; it has very long,

tough, and narrow leaves and

a handsome ojien panicle, '2

feet long, composed of large,

flat, and showy spikelets.

These panicles are gathered

and sold for dr}^ bouquets,

and are ver^^ nearly as large

as those of pampas grass, but

are not at all woolly. This

is probably one of the best

sand binders for the more
Southern States. Its tough

leaves are not injured b^'the

blowing sands, and it has the

habit of throwing out roots

from successive nodes as the sand drifts in and among the stems, in

this respect resembling beach grass. On the coast of southern and
Lower California there is anotlier species of Uniola or .seaside oats,

Uniola condensafa, which very closely resembles the Atlantic coast

grass and is valuable for the same purpose. The leaves of U. 2xin-

iculafa possess a very strong fiber, and the gnuss may have some value

as a fiber plant. The propagation of this grass can doubtless be
readily effected either b}- seeds or by transplanting, although tliero

is no record of any attempts being made to cultivate it.

Fic;. 115.—Seaside oats {i'niola paniculata).
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SEASIDE BLUE GRASS.

Growing in the sands along the Pacific coast of Oregon and Wash-

ington, and often covering the summits of the highest sand dunes, is

a species of Poa (P. macrcmtha, fig. 110), which may be called sea-

side blue grass for lack of any other English name. This grass

attains a height of 1 or 2 feet. It has leafy stems, which are branched

near the base and rather

small, densely flowered

panicle of comparatively

large spikelets. This grass

is a most excellent sand

binder. It has the same
habit of root growth as

beach grass, which ac-

counts for its presence on

the higher sand dunes. It

is an excellent sand binder,

adapted, perluips, for the

interior, and possesses the

advantage over beach grass

of forming more tender

leaves and stems, which

could be made available

for grazing purposes if so

desired. It belongs to the

same group of plants as

Kentucky blue grass and
is doubtless eiiually as nu-

tritious, although no chem-

ical analj^ses have yet been

made of it. It has the pe-

culiar habit of emitting

stolons or lateral .slender

branches, which are often

4 to () feet long, lying pros-

trate on the sands. These

prostrate brandies are so unlike the upright flowering stems (hat at

first they nuiy be mistaken for stems of some other grass. Wlien

buried by the sand these branches develop roots at the nodes, and new

plants are thus formed. Underground creeping rootstocks are sent

out from the main rhizome, and the length of the latter is often indi-

cated by the heiglit of tlie dune. It may be 10 to 20 fe<'t or more iu

length. The writer saw this grass on the sand dunes near Seasi<lo,

Oregon, where its valuable character as a sand binder and its possibe

value for forage were noted. "\Vh(>tlier it will be possible to propa-

gate this gra.ss successfully away fi-oni tlie seacoast remains to be

Fl(i. no.—SoaHidc l)luo grass { I'oa )ii<irrantlia).
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determined. To settle this question, experiments are now beinjf made
in eastern Oregon, both ])y seed and by transphinting from th<' coast.

kedfield's grass.

The .sand- binding grasses which have been described abovo are all

species belonging to tlie seacoast. Whether these maritime grasses

will be successful in interior regions has not been <leterinined, but

should they fail to be, we are not without resources in the way of sand

binders. Redfield's grass

{Redfi('Jdia flexuosa, fig. 117)

is probabl}' one of the best

grasses for binding loose or

drifting sands in inland re-

gions. It has a rather up-

right stem, 2 to 4 feet high,

with long, narrow leaves,

and very diffusely spreading

panicles. It grows in the

sandy districts of Nebraska,

Colorado, and Kansas, where

the spontaneous growth of-

ten does much service in

holding the shifting sands

by the deeply i)enetrating f . /"^ /\ i V
and widely si)reading rlii- \ -./-^^ "-",,/ .. ;

zomes or rootstocks. It is «
.

regarded as a characteristic
^'

grass of the sand hills of cen-

tral Nebraska, and is a con-

spicuous and almost the only

grass found on the sand

dunes south of the Arkansas
River, near Garden City,

Kaus. The stems and leaf-

age are too tough for use as

fodder except when quite

young, and probably the

grass will never have much value as a forage plant, but its usefulness

as a sand binder is unquestioned. Those in the interior looking for

a grass for liolding the sands in place will do well to propagate this

species.

SAND GRASS.

In the sands bordering the sh(n-es of the Great Lakes and through-

out the Missouri Valley, extending southward to Kansas, sand grass

{Calamovilfa lonyifuUa, fig. 118) is of common occurrence. It lias

strong, creeping rootstocks, with stout upright stems 2 to 5 feet high.

1 A98 27

Fig. 117. Redfleld'3 grass ( Redfieldia fleruosa ): (i. spike-

let; 6, fiorat; c, flower.
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Tho leaves are very long, narrow, and rather firm in texture, and the

torniinal many-flowered panicles are usually spreading, at least when
in hlossoni. As a sand binder, it is fully equal to Rediield's grass,

and being much more common and more widely distributed, it is much
more easily obtainable. No attempts have been made to cultivate

this sand grass, but in its nat-

ural habitat, the sandy bor-

ders of the Great Lakes and

the Missouri River, it idays

a very important and useful

part in holding tho loose sands

of these regions. It produces

seed in abundance, and doubt-

less could be propagated

either T)y seed or root cuttings.

It is recommended for trial

wherever a strong sand binder

is needed. This grass can

have little value for forage,

but the long, tough leaves sug-

gest a possible value for paper

making. In the eastern por-

tions of Oregon and Washing-

ton are areas of considerable

extent which are strongly

sandy. In some places the

soil consists of pure sand,

which has been blown out of

tlie Columbia River. Tho
drifting of this sand in manj-

places has covered arable

lands, buried fruit trees, and

been a source of much annoy-

ance to railroads bj'^ continu-

ally settling upon and cover-

ing llic tracks to such an extent as to stop tralhc. The entire area

cast of the Cascades belongs to the so-called arid regions, and posses.ses

a gra.ss vegetation in some respects peculiar to itself. Among these

grasses arc several which arc specially well adapted for bindingsiinds,

and, as in the case of those already mentioned, these species are

serving an exceedingly valuable purpose in fixing saiuls which other-

wise would be blown about, tlirealening the destruction of valuable

property.
YETJ^OW l.YMK ORASS.

Clii«'f among the saml-binding grasses of this region is yellow lyme

grass {Elyimisjldvescens, fig. lin). This grass grows ui>on tho sand

Fig. lU^.-Sand gr.iss (Caloinnvil/a hmc/ifolia): <

Bpl!>:e!ct; l>, spikclot, empty t'lnmes roniovoil.
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hills, where it attains a height of fi-om 2 to 3 feet; Iho stems are ratlier

stout, and clothed with long, somowliat rigid leaves, tenninatotl hy
slender, usually imbranched straw-colored spikes, 5 to 10 inches long.

The spikclets arc clothed \N'ith rather long, soft, an<l usually yellow-

ish liaii-s, which liave sug-

gested the name given to it.

The rootstocks are long and
creeping, and the grass has

the habit of forming dunes

in the same manner as l)each

grass. As the sand piles up
.around the stems new roots

are thrown out at the joints

and the growth is continued

upward. This grass makes
good ha}' and is readily eaten

by stock.

Another species of lyme
grass found in the same re-

gion {Elymus arenicolus)

is equally valuable as a sand

binder. Mr. A. B. Leckenby
says of this grass tliat it is

one of the best native spe-

cies for sand binding along

the Columbia River where

there is good drainage. It

will not stand being sub-

merged, but will grow
through sand drifts, even
when very dr}-. It is read-

ily transplanted, and is best

propagated cither by trans-

planting or by root cuttings.

These two species of Elymus
are the best among the lyme
grasses for holding mobile sands in the drier regions of the interior,

and possess, in addition to their value as sand binders, considerable
forage value where forage is apt to be scarce.

Fig. 110.—Yellow lymo grass (Elt/mus fiavescens): a,

empty glumes; 6,spikclet,empty glnmcs removed.

SAND BLUE GRASS,

As in the moist regions along tlio coast there is a blue gniss which
is a most excellent sand binder, so in this dry interior region we have
a species of Poa {Poa leckenhyi, fig. 120), which has all the habits and
characters of a grass well suited for liolding moving sands. It gn)ws
from 2 to 3 feet high, is very leafy, usually much branchc*! n»:ir tlio
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base, and has long, narrow, soft panicles, to 10 inches long. This

grass is loss tough and wiry than other sand ])inders, and doubtless

would prove a valuable grass for grazing in regions too sandy for the

growth of ordinary cultivated varieties. The writer has received speci-

nions of iliis grass from Klickitat County, Wasli., where by its natu-

ral growtli it is very useful in

pi-eventing the drifting of the

sands.
CONCLUSION.

In tlie foregoing the princi-

pal grasses which are distinct-

ively sand binders have been
described, both those wliich

grow naturally near the sea-

shore and those wliich are na-

tives of the interior. There
are otlier grasses which are

useful at times in i)reventing

the blowing of sands, but they

are not truly sand-binding spe-

cies. Among these may be

mentioned Johnson grass,

which will grow in very dry

sandy situations, true reed

[Arundo donax), and some of

the bamboos. One of the

wheat grasses, native to east-

ern Oregon and Washington,

is a fairl}'^ good sand binder,

and may eventually become a

popular grass for cultivation

in the sandy districts of tliose

States, as it affords excellent

forage. In the Yearbook for

18!)-!: was published an account

of sand an<l soil binders, and

some of the species not mentioned here are included in that article,

such as Bermuda grass and St. Augustine grass for tlie South, Japan-

ese lawn grass, which has been sparingly imported into this country,

and several others of less importance. In this paper it has been the

intention to include only those species which are distinctly sand-

binding species.

Fig. 12't.— Sand Who (pruHni ['on IrcL-ciilii/i): n, empty
glnmes; h, spikeli^t, etni)ty (?lum"s removed; c,

floret; (/, palea and .stamens; f, pistil.



KEEPING GOATS FOR PROFIT.

By Almont Barnes,

Of the Division of Statistics.

VALUE OP GOATSKINS IMPORTED.

Goatskins, from which is derived the g:reatest amount of the profits

of goat keeping in regions where tlie hirgest numbers of these ani-

mals are usually raised, were in so little demand in the United States

prior to 18G4 that they were not separately classified for duty on impor-

tatioM, but Avere included with "hides and skins" of all kinds, excejit

fur, which together were valued that year at 4i7,505,238, and paid an

import duty of 5 per cent ad valorem. In 18G4 goatskins were first

separately classified, being valued at $1,799,100, while the imported

"hides" were valued at ^0,177,512; and this is the starting point of

their distinct and ofificially stated invoice value. In 1805, with the

duty doubled, importation diminished; but under succeeding demand
and rates of duty, or, as now, duty free, up to June 30, 1808, impor-

tation had increased in value to $15,770,001, and the increase of the

fiscal year 1898 over 1897 was 28.2 per cent.

The foregoing are, as stated, invoice valuations, that is, those

declared as the cost to the shipper at the foreign ports of shipment.

For various reasons, as of insurance, handling, freight, commissions,

profits to the shipper, etc., they are much below the valuations in

our own markets. The average invoice value of desirable skins in

1898 appears to have been 24.3 cents per pound—^15,776,001, the

invoice value, being divided by the invoice weight of 04,900,485 pounds.

But the average market price (the price to purchasers for home use)

of these skins in New York during the j'ear of their importation was
about 39.3 cents per pound, or about 02 *per cent higher than the

invoice value; so that the gross value of the year's importation, upon
the basis of the average price in our home market, and at 02 per

cent above the invoice value, was !j>25,508,249. This is what the con-

sumers really jiaid, and it is therefore the real value of the skins

imported, rather than that expressed in the invoices.

Practically all tlie goatskins entering into the commerce and man-
ufacture of the United States are imported. With the exception of

that portion of the population and its increase mostly upon terri-

tory derived from Spain and jNIexico, the people of this country have

not usually evinced any interest in goat herding for i^rofit, either of

421
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skins or other products. There have been for centuries small herds

in the sparsely populated western territory indicated, and, besides,

a not inconsiderable number of goats in the aggregate has been kept

for milk in the suburbs of cities.

NUMBER OF DOMESTIC GOATS.

Although omitted from the censuses, the goat is remembered in the

assessment lists of several States, separately or included with sheep,

so that an approximate knowledge of the number in the country may
be obtained. Latest data from such sources yield the figures of the

following statement, to which an estimated surplus is added to show

the probable whole number of goats in the United States:

Numbci' of taxed goats in specified States and the estimated number included in

returns xcith sheep and in cities of the United States.

Number.

Arizona 6, 258

California 30.893

Colorado -- 9,492

Florida - -. 15,7G8

Nevada - 3,497

New Mexico - - ^^, "1^77

Texas - 251, 585

Virginia 1,711

Total enumerated o74, 980

With sheep and iineniiinerated - .-. 125,020

Total in the United States 500,000

Montana, Oregon,^ and VN'yoming enumerate "sheep and goats"

together ior assessment, and a few other States include goats with

minor "other stock," as they surely possess but do not name tliem.

Tnose possessed by persons in cities, and making a considerable

aggregate, if assessed arc not numbered for statement. The estimate

of 125,020 for these classes is probably not excessive.

DOMESTIC SUPPLY SHORT OF THE DEMAND.

If all goats in this country were kept with the single object of sup-

plying skins for market, they would fail to supply a small fraction of

the present demand and at the same time remain at their present

number. At 4 i)ounds to the skin, whicli is not far from the average

weight of dry skins, it requires the slaughter of lG,22r.,0iM goats and

kids to yield tlie skins imported during the last fiscal year. This

represents live thtcksof foreign goats aggregating from twenty-live to

thirty millions at least for our present supply of marketaltle skins

alone.

Very few of the goats in the United States are raised for the

' Tho Oregon Agriculturist of September 15, 1898, estimates the Angoras in

that :-tute at G5.000.
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purpose of marketing their skins. In addition to tlie large proportion

of the common stock kept, as stated, in the suburbs of cities, many are

kept in parts of the West with sheep for protection against other

animals, as dogs, wolves, and coyotes; "svhile the increasing flocks of

Angoras arc kept principally for their valuable jield of mohair,

though some account is now taken of the meat. It should be noted

that something like two-fifths of all goats in the United States, and a

much larger proportion of those kept in flocks, are not the common
goats which supply such skins as are imported for leather, but are in

part descendants of these, modified by successive infusions of pure

Angora blood; and in part, but to a less extent, pure Angoras, kept in

California, Texas, Oregon, Idaho, Iowa, Georgia, and South Carolina

in flocks sometimes numbering thousands, and in other States in

smaller numbers. The profitable commercial product of these pure

and high-grade animals is the silkj' fleece.

GOAT PRODUCTS.

In goat keeping on a large scale it is not alone the skins and fleeces

which enter into the account of profit, although these are primary,

especially for distant markets. If the skins, which represent over

fifteen millions of invoice and twenty-five millions of market Aalue

in importations, represented native stock, there would be taken addi-

tionally into the home market and iio.ssiblc profit account nearly the

whole animal—the flesh, tallow, bones, hoofs, horns, and perhaps the

intestines and their contents, which together may constitnte half or

more of the entire marketable value. In addition there may be derived

from the mature females (alwaj's the principal portion of the flock)

during much of their lives a considerable value in milk for household

uses or for market, or which can be convert-ed into the most salable

cheese, such as the Roquefort, Mont D'Or, Le Sassenage, and Levmux
of France and Switzerland. So fully is the goat availal)le as a dairy

animal, when bred to that object, that it is sententiously described

as "the poor man's cow," because of the combination of value with

economy of keeping. A female goat is relatively one of the most
profitable of domestic animals. Herded goats, under suitable and
usually convenient conditions, whether for skin or fleece and by-

products, are as surely profitable.

However, it is not intended in this paper to go into particulars

relating to goats or their products, which may be obtained from
books and essays already published, but rather to direct attention to

the nature and extent of market demands now met from abroad, and
to stimulate by pertinent information, as far as possible, efforts to

meet them with a home supply. This information as further i>re-

sented relates to climate, land, and labor suitable and available for

the raising of goats upon a large scale, and incidentally to the classes

of goats most profitable to keep.
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SUITABILITY OF CLIMATE.

As to climate but little need be said. The goat is easilj^ adaptable

to all countries, and thrives in all climates except that of the polar

regions. Evidently, however, it will tend to be most profitable in

those localities where tlie expense of keeping is the least the year

round. Hardy, agile, enterprising, it always thrives, if unconfined,

in heat or cold, on mountain or plain, but prefers rough, rocky, wild,

an<l elevated land. Species of the family naturallj- or intentionally

modified to any large extent require in consequence more restricted

areas. Thus, the long wool or hair of the Cashmere or the Angora

makes a covering unfavorable to the hardiness of the animal where

there is exposure to cold rains and sleet. A imiformly hot climate

would reduce their fleece product as naturally as a uniformly cold

climate would increase it. But as far as climate alone is concerned,

most of the area of the United States outside, possibly, of Alaska,

is favorable to the goat familj^ generally, and much of the Pacific

coast, the Southwest, and the South to the long-fleeced varieties par-

ticularly. At the same time, it does not appear so far from experi-

ments in places more exposed to weather inclemencies in the whole

extent of the country that the latter will not thrive equally with

sheep with the same care. It is, in fact, proved that the Angora,

with some of the characteristics of the sheep, thrives in Montana,

Idaho, and several other States w'here the climatic variations are

severe. Mr. G. A. Iloerle, corresponding secretary of the American
MohairGrowers' Association, and author of a pamplilet entitled "The
Angora goat: Its habits and culture," published in 1880, says:

There is hardly a State in the Union where Angora goats can not be raised

advantageously if properly cared for (which, of course, has to vary according to

the local conditions). We know that on farms they have done well in Massachu-

setts, Connecticut, Illinois, and other Northern States. Whether in those States

they will do as well under a herder has yet to be learned. The excellence of win-

ter pastures is more important where herded than where they are kept within

fences in but small numbers and easily taken care of in winter. But south of the

Ohio River they should do well everywhere, both»on farms and ranches.

As to the South, and especially its rough, elevated regions, there

can be no doubt of its suitability to the Angora, and therefore even

more to the common or short-haired go.at, botli in climate and food.

Mr. J. T. Henderson, commissioner of agriculture of Georgia in 1885,

in his annual report for that year, states:

Experiments in the raising and keeping of the Angora gout in those mountain

pa.»<turc8 are making a very favorable impression. It is thought, with some reason,

that this particular branch of stock raising may be easily carried to a very large

and important develoi>ment in our mountain connties. The adaptedness of this

locality to the raising and support of the Angora has l)een so marke<l that those

accustomed to the care of this valuable animal are sanguine that wo shall see in

the near tuturo a very imporUiut source of prolit in this branch of industry.

* * * It is hardly possible that the native habitat of the Angora is better

adapted to its keep and development than are the mountam counties of this State.
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These observations hold good for all parts of the South of a similar

character in climate, topography, and feed resources. As to more
even lands at less elevation, Texas, where half the goats in the

country are now kept, including large and thrifty flocks of the

Angora, presents apparently complete demonstration of suitable

conditions.

Wliat may be considered a trial of extreme conditions is now being

made in northern Maine, according to the Textile World of Seplembei',

1897, an industrial journal published in Boston, Mass. It reports the

leasing of wild lands, from which the valuable timber has been taken,

but leaving the lands still uncleared, with wild raspberry and black-

berry bushes spreading over vast areas. Upon this land experiment

is to be made at first by the introduction of five hundred goats, with

an intended increase to one hundred thousand. Angoras are the

variety to be kept, graded up from Angora and common stock.

AVAILABLE PASTURAGE.

Relative to areas suitable for goat keeping upon any scale, from a

few for milk or cheese to large flocks for their fleeces or skins, it may
be confidently asserted that wherever there is a suitable climate there

are also suitable uncultivated lands. Over 42 per cent of the land in

farms in the United States is unimproved; how much of it is unculli-

vable is unknown. The total unimi)roved land amounts to 205,000,000

acres, against more than 375,000,000 improved. This presents a vast

field for selection of favored localities in every part of the country;

and much of the field invites the primitive occupation of herding,

which preceded and prepared the way for agriculture in man}' coun-

tries, with inestimable benefit to the soil.

It is true that considerable portions of the unimproved farm land

is in valuable forests, v^iiich invite preservation as such for various

economic reasons; but it is equally true that a large proportion is

useless as a present or prospective timber reserve, and can be utilized

only in some such way as is herein suggested. In the aggregate, mil-

lions of acres of poor, rough, rock}', or bushy land, distributed through

all the States, call for subjugation and enrichment through animal

occupation, preferably of the goat, which would not only destroy the

growth that invites recurrent conflagrations, but would result uUi-

matel}^ in the introduction of nutritious grasses.

In order to present the areas of unimproved land in farms in true

relation with the improved, and to show the farms of which they are

a part, and at the same time the wide basis upon which the interest

herein considered may bo established, reference may be made to the

report on agriculture of the Eleventh Census.

The State of Maine, for instance, has 0,000,000 acres in farms, of

which 3,000,000, or 50 per cent, are improved and an e<iual number
uncultivated; there are 02,000 farms therein, averaging 100 acres
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each. A loirical deduction is that tliero are about 62,000 farmers in

Maine who have, on an avcraj^e, 50 acres each of unimproved land.

Observation sliows that portions of sueli land are useless for farming

j)ui-posos, and often are in extended areas defined by natural limits.

They are, however, well adapted to goat herding even when good for

nothing else, and would almost invariably be made better thereby.

Relative to Greorgia, it may be said that there is an acreage in

farms of over 25,000,000, of which 9,500,000 are improved, and over

15,500,000, or nearly 62 per cent, unimproved, with 171,000 farms, and
an average of 147 acres to the farm. The^ evidence of the former

commissioner of agriculture of that State as to the fitness of its moun-
tain lands for goats of the Angora breed has been cited, and the same
holds good over most of the other lands of the State for the common
goat, including the average of 73i acres per farm of unimproved land.

Similarly, the lesson may be applied to each State, according to fit-

ness, without material change.

There is, however, in the United States a large, continuous area,

embracing over one-third of the States and Territories, which invites

particular attention in connection with this subject. It includes the

South Atlantic and South Central divisions and a part of the Western
division of the Census groupings,^ or twenty States and Territories,

which, together, contain ncarlj'- 285,000,000 acres in farms, of wiiich

over 122,000,000 are improved and over 162,000,000, or 57 i)er cent,

unimproved. The average size of farms and the average amounts of

unimproved land are greater in this area than elsewhere, and tlie

climatic conditions are more uniform.

This area includes nearly all the central and a part of the western

mountain regions, and lies principally within the belt of least or no

snow. It is in general the most temj^erate region of a temperate zone,

and peculiarl}' suitable for wintering all kinds of farm and range

stock, not only as to climate, but as to subsistence. It furnishes in

abundance such forage as is suitable and preferable for goats, avail-

able to them in most parts during the entire year. Under such cir-

cumstances and conditions whatever profit can l>e derived from herding

them comes nearest to a net profit. There is the additional incidental

benefit that whatever foul land is regularly pastured by these animals

for a few years becomes clean, weedless, and bushless, and usually,

being evenly fertilized by them also, runs inlo nutritious native

grasses. (See PI. XXXI.)

'Sonth Atlantic division, Delaware, Maryland, District of Columbia, Virginia,

West Virjrinia, North Carolina, South Carolina, Georgia, Florida; Smtli Central

division, Kentucky, Tennessee, Alabama. Mississippi, Louisiana. Texas, Oklnhoma,
Arkansas; Western division, Montana, Wyorain^, Colorado, New Mexico, Arizona,

Utah, Nevada, Idaho, Washintjlou, Oregon, California.
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Fig. 1 —Angora Kids.

Fig. 2.—Going to pAbTUNt. 'Separation of Dams fkum K . > bv Means of Brioqe.
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SUPPLY OF LABOR.

As to the question of suitable and sufficient labor so far as it enters

into this subject, the fact that the utilization of unimproved or sur-

plus farm lands is beint; considered as the food basis of goat lierding

will readil}^ suggest that whatever labor may be required must be dis-

tributed through the country at least as evenly as the labor required

for the accompanying improved lands. Goat herding is proposed only

as another and very simple rural industry where others are already

established, and therefore where the labor element is already avail-

able. Its cheapness depends upon the usual considerations to a cer-

tain extent, though not wholly, for herding requires neither the matu-

rity nor the skill on the i:)art of the attendants that usual farm occu-

pations demand. Ordinarily, goats need less attention than sheep,

but where permitted to range an attendant is necessary. It is apparent

that this attendant need not be an expensive one.

But in making marketable whatever is derived from the keeping of

goats, as the skin, wool or hair, meat, or, during life, the milk and its

product, more and varied care is required, calling for average labor

compensation. This labor is in no case continuous, however, for the

principal products, but seasonal, like the harvests. As to the emploj'-

ment of herding, to a large number this would prove congenial and
even recreative compared with other rural occupations. It seems
probable that a large portion of the country considered best for goat

herding on a large scale because of suitable climate and feed range is

equally fortunate in an economical and well-distributed labor element.

In the South Atlantic and South Central States the negro population

is abundant, and in the "Western division States there is a consider-

able Spanish-American population already accustomed to the care of

sheep and goats. As the latter is least determinable and important,

it may here be passed without special consideration. But the i>resen-

tation of the figures of the negro population of the first two divisions,

in conjunction with the details of their unimproved farui lands, State

by State and according to the official reports, will prove interesting in

showing the distribution and amount of generally unskilled labor

upon which dependence must be placed in profitably utilizing, as sug-

gested. Southern unimproved farm lands.
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Area of unimproved farm lands and negro population in certain States in 1890.

South Atlaatic division.

States.

D.elawaro

Maryland

Virfdiiia

West Virginia.

Korth Carolina

Soil Ih Carolina.

Georgia

Florida

Total

Unim-
proved

farm land.

Negro pop-
ulatiun.

Acres.

29:5,037

1,5;>9,482

9,979,4<X)

5,707,326

U, 823. 327

7,929,415

'.5,617,509

2, 528, 793

58,473,a55

2S,386

215,675

035, 438

32,680

561,018

688,931

858,815

1(;6, 180

3,187,126

South Central division.

State.i.

Kentucky
Tennessee

Alabama
Mississippi

Louisiana

Texas

Oklahoma
Arkansas

Total

Total both divi-ious

Unim-
provi'd

farmland.

Negro pop-
ulation.

Acres.

9,593,317

10, 799, (r_'8

12,154,6.57

10,723,1.57

5, 769, 551

30, 660, 722

1,042,695

9,416,313

288,071

430, 678

678, 4t9

742, .559

5.59. 193

488,171

2,973

309,117

«), 159,470
j

3,479,2.51

148, 63:, 825 1 0,606,377

An even distribution of this negro population would j^ive one per-

son to each 23| acres of the unused farm lands, or over 27 to the

square mile of such lands. However reduced by city and town popu-

lation and other than rural occupations, it is evident that there is help

enough of this class, and especially as indefinitely augmented by the

coextensive rural white class, to establish economically, extend, and

conduct this simple but protitablo industry all through the favoring

re.i,Mon specially considered.

No further or closer collection or analysis of statistics is needed to

show the concurrent elements favorable to the growth of this partic-

ular branch of rural enterprise in the United States, in response to a

large, regular, and steadily increasing demand, now met almost wholly

by importai.ons, upon which the consumers pay, besides the necessary

cost of production, preparation, and transportation, the charges of

commercial manipulation and the export duties of foreign countries.

NUMBER OF GOATS IN THE WORLD.

The foregoing considerations relate to goat keeping in general as a

business or branch of business for profit, and apply to it in almost

every form. Details of keeping for special purposes, as for skins,

moliair, or for dairy purposes, need not find a place in a pajjcr not

intended for instfuclion in details; but it is not out of place to show

liere the extent and importance of the goat-keeping industry in all its

branches, particularly as in this country it has been generally under-

rated or ignored. A tabular statement of the number of domestic

goats of all coiink-ies, so far as enumerated, is herewith given, with an

additional estimate. The table is bas(>d upon one published by the

Department of Agriculture in 1806, in Miscellaneous Bulletin No. II of

the Division of Statistics, giving a census and estimate of tlie farm

animals of the world, but amended as to Europe from Teglor's " Book

of the goat" (London); as to the United States, from the numbers
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taxed in States, etc., and as to Latin America, from official publica-

tions and from estimates based upon the number of skins annually

exported. But as the statements for different countries are often for

different j^ears, at the best only a proximate determination of the

number at any stated time can be arrived at. The tendency, admit-

ting undoubted increase, is toward underestimation.

Number of (lovwsticated gouts of all countrieH.

Countries.

North America:

United States

Britisli North America

Mexico

Central America

Leeward Islands, West Indies .

Total North America

South America:

Argentina

Brazil

Chile..

Colombia

British Guiana

Du tch G r. iana

French Guiana

Ecuador

Bolivia

Paraguay

Uruguay
Venezuela _

Peru

Windward Island.s, West Indies

Total South America

Number.

500, (JOO

'200,000

'1,000,0(!0

200, 000

1.50, 000

2,050,000

11,000,000

500, WO
20,(K)0

610, 147

1 1,000

817

a37

' 10, 000

'10,000

14,0.56

10,827

2 1,.500, 9.50

il0,fHK)

108, 098

3,863,838

Countries.

Europe—Continued.
Italy

Spain

Portugal

France

•Switzerland

Germany
Luxemburg
Belgium

Netherlands

Denmark
Norway
Sweden
Russia (European)

Malta ,

Ireland

England

Total Europe «...

Asia:

Russia (Asiatic)

Turkey (Asiatic) .

.

Ceylon

Hongkong
Cyprus

French East India

Total Asia

Africa:

Algeria

Tunis

Cape Colony

Natal

Orange Free State.

Lagos

St. Helena

Number.

1,800,000

M,531,328

97,3,119

M,.509,503

4I6,3:J3

3,091,287

13,426

248,755

164,528

25,323

272,458

70,045

1,407,537

10, 120

M 13, .551

"15,000

21.&3,213

711, .560

M, 540, 408

148,122

721

325, 198

19. 119

8 3,745,128

3,829,740

681.636

•5,631,351

346,099

>» 858, 155

2,095

939

Europe

:

Austria 1,035,832

Hungary ^308, 810

Croatia-Slavonia 90,86:

Bo:snia-Herzegovina 740,287

Total Austria-Hungary 2, 181,791

Servia 509,738

Roumania 209,9'JO

Bulgaria 1,4.53, ,500

Greaco :.',500,000

' Estimated numbers.
' Annual statistics of Venezuela, 1894.

' Agricultur.J statistics of Hungary, 1895.

* Pegler's "Book of the gnat."
* Agricultural statistics of France, 1895.

* E-xcept Turkey in Europe, Montenegro, Scotland, and Wales.
''Census of Turkey, LSiKi; of this number there were l,23(l,0.'>2 Angoras.
*The area and H;4uros hero indicate but a small portion of Asia.

'Bulletin of the National Association of Wool Manufacturers for September, 1»'.»8; of thi?

number 2,811.3i>) are Angoras.
'"In Schnnnor's "The Angora goat," published in London in 189;'>, as cited in the bulletin of

the National Association of Wool Manufacturers for September, iH'.t.s, tho number is said to be
"several millions."
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Xumber of domesticated goats of all countries—Continued.

Countries.
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of the world represented in the table, and ijo place the total for tlie

world at eighty to eij;hty-five millions—first after sheep and W(u»n<i

after cattle, or third in number of the classes of stock of all countries.

This position and importance indicate at once a great permanent and
productive value.

OBJECTS OF GOAT KEEPING.

As already indicated, the useful objects of goat keeping are dis-

tinctly three, viz, for the production of skins, so extensively known
to the commerce of manufactui-ing countries; for the production of

fleeces of hair or wool, used also in increasing quiintity in tlie manu-
facture of clothing fabrics, and for the production of milk, mostly for

home consumption, and of cheese for home use and market. Often

these objects of production are combined to some extent and with

varying j)rominence; for goats best suited economically" for skins for

leather or for hair or wool jiroducts may also be bred as serviceable

dairy animals, while those bred particularly for dair3' purposes are

secondarily valuable, at least, for the final products (skins, meat,

etc.), especially Avhere kept in considerable numbers.

These specified objects roughlj^ but perhaps sufficiently, indicate the

classes of domesticated goats prevalent in various countries, and in-

ferentially the conditions attending their x)revalence. As the greatest

market demand is for skins, the largest herds in various countries are

kept to meet that demand, and as the demand relates less to Ijreeding

than to abundance, the common goat (that least modified frf)m the

native stock) most economically and profitably meets the requirement.

Common goats need the least care and require only the cheaj^est and
most primitive pasturage—bushes and weeds. Tliey furnish a prod-

uct of world-wide use, not dependent upon any kind of culture for its

availability or excellence. Wherever they can be stocked upon
unused or otherwise unusable lands, with the rude and slight care

required, they are almost gratuitously profitable. Thus, the price

paid for imported goatskins is less representiitive of cost of produc-

tion than of the commercial sagacit}' of the producers and their

appreciation of the needs of the market, and suggests an enviable

margin of profit. The price above cost paid by consumei's of this

country is the gratuity paid to foreign producers, importers, etc.,

because of lack of enterprise, ignorance, or wasteful prejudice. Tlie

market price of an article is sensibly affected by nomenclature. In

coffees, for instance, an additional price is paid for the names of

"Mocha" and "Java," though official statistics show, and facts of

production and movement confirm, that not a pound of Mocha coiVeo

has been introduced into this country for at least fift^' years, and,

compared with the supposed consumption, but liltle of Java for

twenty-five yeai'S. So also are paid higher prices for so-called " Cura-

gao" kid and goat skins and goods, while the arid island of Cura^-ao,
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not 15 miles long nor i miles wide, hfivini? but two fresh-water springs

and not o,000 goats, receives its siip[)lies of skins from adjacent

parts of Venezuela and Colombia, which make (hiraf^ao their foreign

shipping port.

Common goats are, of course, the most numerous class wherever

skins are the princii)al object sought, and they furnish, besides, the

milk and meat required by their owners or keepers. Next to these

in aggregate number are the goats kept primarily for dairy products,

in flocks or singly, over a large part of the world. This class includes

select common stock, just as numbers of American dairy herds are

made up wholly or in part of select cows from stock not artificially mod-
ified; but in particular it includes certain strains naturally possessing

high milking qualities, as the Nubian, and kindred or similar breeds of

Bengal and China, to which must be added classes bred with continu-

ous care to the same end, as the goats of Malta, France, Switzerland,

and, in recent years, of England. The Nubian and Bengalese goats are

said to be much alike and most excellent dairy breeds, but unfit to

stand exposure in cold countries. Some have a record, of nearly a

gallon of milk per day while in full milk. Of the celebrated Malta

goats, the United States vice-consul, Mr. Joseph F. Balbi, of Malta,

wrote in 1891 as follows:

The Malta goats are famous for their milk qualities as well as for their hardi-

ness. They supply all the luilk recj^uired here by a population of abont 170.000.

They are exported in fair quantities to Gibraltar, Sicily, and the Levant. Their

daily yield is from U to 2 quarts, some goats yielding as much as 2^ quarts.

The third class includes goats kept primarily for their valuable

fleece products, such as the Angora and the Cashmere, the first pro-

ducing a moderate fleece of fine, long, silky hair, generally about

5 pounds per year, and the other a few ounces of soft downy wool.

(PI. XXXII.) The first alone need be considered, the Cashmere hav-

ing only local value and its product a narrow utility and restricted

demand. On the other hand, the mohair of the Angora has an

increasing demand and wide utility.

The Angora is supposed to have originated in Thibet, although now
unknown there. All the stock outside of Asiatic Turkey having been

drawn therefrom, the species takes its name from Angora, in Asia

Minor, where it is kept pure and in coniiderable numbers. Importa-

tions from there have been made from time to time, at great cost, into

Europe, the United Slates, and more recently int<) Africa, in which

latter counti-y the produ(;tion of mohair for the English market has

become a prominent industry. As the Angora is the goat now attract-

in? i)articular and in(!reasing attention in many parts of tliis country,

more infoi-mation as to its history may be dosiral)le than for the other

classes, premising that wherever the Angf)ra will thrive the others

will certainly do as M'ell.

In the pami)hlet already cited, written by Mr. Hoerle, it is stated
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Fig. 1.—Young male Goats, 8'-- Months Fleece.

Fig. 2.—Female Goats, 5 Months Fleece.
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that the first importation of Angoras into the United States was made
in 1849 by Dr. J. B. Davis, of South Carolina, and consistod of two

bucks and six ewes. Later iini)ortations were made by C. W. Chen-

ery, of Massachusetts; Messrs. Diehl and Brown, of Texas; John S.

Harris, of Idaho; Col. Richard Peters, of Georgia; W. D. Parrish,

and otlicrs. From these, and by crosses and gi-ading up on the com-

mon goat, have come large herds, now jirofitably kept in several States,

principally Texas and California. Messrs. W. G. Hughes & Co., of

Hastings, Tex., successful breeders, under date of October 21, 1897,

in reply to inquiries from the Division of Statistics, state as follows:

There are probabl}' about 200,000 Angora goats that could be reasonably classed

as such in the United States. They can be raised almost anywhere in the States

except in swampy districts; but seem to do best where the climate is dry and the

altitude not less than .jOO feet. On the Pacific coast, notably in California and
Oregon, Angora goats are raised very successfiilly and in large numbers, and
farther south, in New Mexico and Texas, in which latter State are some of the

finest and oldest established flocks in America. Much interest has of late been

taken in the in lustry in Iowa, where many farmers are handling small flocks in

connection with other stock on their bushy lands. Good foundation herds can be

purchased for about $2 x^er head and upward, and males from $10 to $2.'> each, A
thousand head can be run in a flock, where the nature and size of the range per-

mit, but these should be divided up at kidding time.

The handling of Angora goats is somewhat similar to that of sheep, but as they

are far more active and travel more than sheep, the kids have to be left behind in

the pens when the goats go out until they are about six weeks old.

Hilly, bushy lands are best suited to the needs of the Angora goat. In a pasture

of this kind they can be kept in reasonable number without interfering with other

stock, as they will live on what the other stock do not eat.

A statement relative to the Angora in the South, incidental to the

subject of fitness of large portions of that region for goat raising in

general, has already been quoted. In the occasional treatment of

such matters in books, papers, and letters the various i)hases of the

subject are necessarily combined. Thus, in "Sheep husbandry in

the South," by Mr. John L. Ilaj^es, 1878, there is this mingling of

testimony from gentlemen of experience, already noted as importers

of valuable stock. Col. Richard Peters, of Atlanta, Ga., wrote in

1878 to Mr. Hayes as follows:

In this connection, I may say a few words about the Angora goat, very improp-

erly termed the 'Cashmere." I have owned these animals from six different

importations, those brought over by Dr. J. B. Davis in 1848 proving to be superior

in many respects to any of the more recent iniiKirtations. One of the most valu-

able, interesting, and remarkable traits of the Angoras is the rapidity with which
fleece-bearing goats can be obtainrd by using thoroughbred bucks to cross on the

common short-haired ewe goats of the country. * * * I have had great success

with the Angoras and regard them as one of the most valuaV)le acquisitions to the

resources of our husbandry. They have yielded me more substantial pecuniary

profit than any other of my extended stock investments. * * » There can be

no doubt that in the range of tlie Blue Ridge, extending from Alabama to Virgina,

they would find all the refjuirements of their nature, utilize a vast country, and
prove a soxirce of great benefit and profit to all interested.

1 A!»8—28
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Mr. J. W. Watts, of Laurens County, S. C, also Avrote to Mr. Hayes

in December, 1877, as follows:

Even here. 75 miles from the mountains, I have for six years grown most suc-

cessfully the Angora goat, whose flesh I regard as superior to any mutton, and

whose fleece properly handled could there [in the Blue Ridge Mountain region]

be made more profitable than any wool growing. This I can saj' from actual

careful experience with Angoras, which .are of Asia Minor stock, meeting here

few obstacles to their profitable breeding, and which in the Blue Ridge just

beyond me would find an exact counterpart of their native soil and climate. Aside

from their flesh and avooI there is another advantage they offer, which in the

mountains beyond would lie most A'aluable. In a cross I have made with a jmre

Angora buck and a Maltese ewe goat I have raised a ewe goat that will give 4

quarts per day of as good milk as any cow on my plantation. The feed of one of

my cow.s will keep twelve goats. My cows must have certain food or they will not

thrive. My goats will eat anything, almost, and do well ; and with this advantage,

also, that their milk and butter are not in any way affected by their diet.

It is not therefore at all an open question with me after years of practical

experience whether the Angora, alpaca,' and kindred races of the goat tribes

would thrive in our Blue Ridge. They would be more i)rofitable in that locality

than any other branch of industry.

Mr. F. S. Fulmer, of Spring IMills, Appomattox County, Ya., al.so

is reported by Mv. Hayes in his work npon sheep husl)andr3^ as writ-

ing of the Angora as follows:

My Angora goats, fifty in number, pure bred, got their living all last summer in

a pasture where grass (other than broom straw) and clover never grow. So far

this winter I have fed them nothing but coarse cornstalks. In fact, up to this

time, they have kept in a thriving condition almost entirely on acorns, of which

they seem very fond. I treat them as to shelter, etc., .i"3t as I would sheep,

except I am rather more careful to keep them out of cold rains. From my exi)eri-

ence I am led to conclude that the Angora goat, aside from first cost, can be made

to pay better than sheep, especially in the Southern States, where they can have

large range over poor land.

Iji the Annual Report of the Department of Agriculture for 18(j:i is

an article upon the goat, treating, liowevei-, of Angoras particularly

and of supposed Cashmeres, which were really Angoras. The article,

which was Avritten by Mr. Israel S. Diehl, who had l)ecn United States

consul to Batavia, Java, East Indies, .showed that interest had already

been awakened in the business of goat keeping, but which was then

nearly extinguished, apparently, by the events of that era. Some of

the letters contained in this article, giving testimony favorable to the

iudustry, arc here reproduced, as follows:

Col. R. TT. Scott, a fai-mer and stock rais(M- of Frankfort, Ky.,

states:

I have a flock of eighty head (of Angoras) of all grades from half-bloods to pure

bredH, and there is not a single sickly one among them, and few if any that are

not fat enough for mutton. Their food, except in winter, is obtained exclusively

in the pa.stnres. and they are so fond of weeds, bushes, and briers that they will

' Later it has b^en determined that the alpaca is not of the goat species.
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eat them chiefly if they are accessible, and in this way are valuable in cleanin;?

out fields and pastures of noxious weeds and shrubs. * -^ * I intend to keep

about a hundred full bloods, assured by the experience so far that they will f,Teatly

exceed sheep in the value of their fleece, which is from 4 to 8 pounds in weight

annually.

Mr. John Walker, farmer and stock raiser, of Fayette, Mo., wrote

concerning his superior flock of sevent}':

They are very hardy and increase rapidly. The does take great care of their

young. The cost of keeping these goats is less than for any other animal. They
graze upon coarse herbs that are not eaten by any other stock, such as ironweed,

dock, mullein, briers, buds, and broken sprouts. Their wool possesses the highest

felting qualities. My buck sheared 9J pounds and my pure-bred ewe -i pounds.'

Gen. J. S. Goe, of Brownville, Pa., wrote of liis flock of twenty

that " they stood the severe winter well and are promising, and I am
encouraged with the experiment and prospect."

The United States Agricultural Society, which antedated the Depart-

ment of Agriculture, at its exhibition in Philadelphia in 185G, in giv-

ing a i^remium of %ilOO to Col. R. Peters, of Geoi-gia, for the excellence

of his exhibit of Angora goats (then usually misnamed Cashmere),

reported in part as follows:

The fleeces from the matured bucks weigh from G to 7 pounds, those from the

ewes from 3 to 4 pounds. The flesh of the crosses is superior to most mutton, ten-

der and delicious, making lliom a desirable acquisition to our food-producing

animals.

The ease with which they can be kept, living as they do on weedsj briers, browse,

and other coarse herbage, fits them for many portions of our country where sheep

can not be sustained to advantage, while their ability and disposition to defend

themselves against dogs evidence a value peculiar to the race. They are free from
all diseases to which sheep are liable, hardy and prolific, and experience has proven
that they readily adapt themselves to all portions of the United States. The
bucks breed readily with the common goats, the second cross yielding a fleece of

practical utility, while the fourth is but little inferior to that of the pure breed.

A flock of valuable wool-bearing goats can be raised in a few years by using grade
bucks.'-

As the only branch of the goat-kooping industry which has so far

attracted the attention and directly enlisted the capital of many
enterprising citizens of this country is the one which relates to fleece

' In Schreiners '' The Angora goat," London, 1898, occurs the following statement:

"As regards the weight of fleece of goats in Turkey, rams clipping over 14 pounds
and ewes over S.V pounds at twelve months, when full grown, are considered

exceptionally good, yet these weights are often obtained." And again: " It would
seem that 14 pounds for rams and 8^ pounds for ewes are about the maximnm
weights of really first-class fleeces, and that if these weights are much exceeded
the quality of the hair is inferior," etc. It seems evident that the possibilities of

av;>rage weight of fleece is nowhere overestinjated for well-bred American Angoras.

"The fleeces of the Angora and Cashmere were indifferently classed as wool,

long after the first importations, and these distinct classes of goats were also con-

founded. Thoroughbred bucks are now considered essential to good crosses.
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production, testimony concerning goat raising here relates, of course,

direct]}' to a particular class of goats under particular circumstances.^

But in so far as tlic evidence is favorable to this class and its uses it

is equally favorable to goats in general and tlieir varied uses. For

admittedly good reasons, it is assumed to be even more favorable to

such as adhere with the least modification to the general and sim-

pler characteristics of the goat farail3\ Evidence that the Angora

finds conditions suitable to its existence in most of the States of the

Union is even stronger incidentally as to the common short-haired

goat, the breeding of which has no object which modifies its nature

generally. This has, moreover, been demonstrated by actual test in

different localities and varying climates where herds ranging from

small to large have been and are kept in constant vigor and usefulness.

IMPROVEMENT OF PASTURAGE.

Thus far goat keeping has been considered only in relation to the

commercial and direct profits promised in the varied or combined

branches which yield skins for leather, fleeces, and dairy products,

though minor sources of gain have been indicated, such as the meat,

hair, bones, etc. But there is still another source of incidental but

sure profit, which would be sufficient in thousands of cases, even if

the others be largely lost sight of and goats be kept simply as goats,

and therefore differing in habits from other domesticated animals.

The goat, of Avhatevcr class, is a reliable and life-long scavenger, and

can be depended upon to destroy the many undesirable products of

cultivated and fallow lands, the abundant and persistent weedy vege-

tation which so incessantly besets the cultivated crops. Other domes-

tic animals prefer the cereals and grasses which depend upon the labor

' The total number of Angora goats in the United States is estimated by Col.

William L. Black, general manager of the Fort McKavett Tanning Company,

Menard County, Tex., as quoted in the Bulletin of the National Association of

Wool Manufacturers for September, 1898, to be 247, TT'), distributed as follows:

Texas ' 75,000

California - - - 59, 000

New Mexico 52, 000

Oregon ' 1 5, 000

Nevada. 11,500

Idaho 8,000

Wyoming 7,000

Arizona
Missouri

Utah
Montana
Kansas
Indian Territory

Georgia
Kentucky
Pt-nnsylvanJa . ..

Illinois

i), 700

5, 200

2,000

1.500

1,200

flOO

750

500

400

:?00

Tennessee
South Carolina.

North Carolina.

Colorado
Mississii)pi

Louisiana
Connecticut
Alabama
Arkansas
Florida

Iowa
Virginia

Nebraska
Washington
West Virginia.

250

200

200

200

150

150

150

75

75

75

50

50

50

Total 247,775

As previously stated, a home authority estimates the Angoras in the State at Oii.OOO.
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and care of the husbandman. What these reject goats i)refcr and
cheerfull}^ pass by growinj^ j^rass and t^rain for a constant dessert of

wild carrot, burdock, mullein, or for thistle or cactus. Goats thus

vohintarily clean fields of their vegetative refuse before it ripens and
scatters its seed; and so persistently and impartially is this done that

the latent seeds of valuable grasses, improving the chance thus.given

them to sprout and thrive, often follow the second or third year of

goat pasturage with a uniform carpet, clean as if made to order. Of
this unique value of this animal something is sho\\n in some of the

quotations previously made. More directly to the point is the state-

ment headed "Goats as clearers," made by Mr. C. P. Baile}', of San

Jose, Cal., a successful raiser of Angora goats in California and in

other States, in the Pacific Rural Press of August 28, 1897, as follows:

The animals are hardy, good rangers, and long lived when compared with sheep,

and do well on land where other animals find it hard to live. Their value as brush-

wood cleaners can hardly be estimated; but Mr. Stanley, of Iowa, writes as fol-

lows: "To a person who has never seen the results of the application of Angoras
to brush land a ride through my blue-grass i^astures is a revelation. Where three

years ago the ground was densely covered with undergrowth of hazel, crab tree,

oak, buckberry, and other brush, it is now growing the finest blue grass. At the

present time I have over GOO acres which have been reclaimed, and a conservative

estimate would be that the value of the land has thereby been enhanced at least

$10 per acre."

CONCLUSIONS.

The principal facts so far shown essential to the objects of this

paper may be summarized as follows:

(1) The United States imports a large and steadily increasing anuiunt

of goatskins for necessarj'' use in home manufactures and produces

comparatively none. The invoice value of these imports is at present

overSlo, 500,000 a year and the market value probably over §25,500,000.

(2) There is an aggregate area of over 205,000,000 acres of unim-
proved farm land outside of Alaska and recently acquired dependen-

cies (more than the area of the original States and the Louisiana

Purchase), a large proportion of which is suitable for the maintenance

of goats. Being surplus farm land relative to present cultivation,

this land is distributed evenly with the regular rural labor of the

country. It also, according to location, embraces the climate of all

the country except, as stated, Alaska and the new dependencies,

which nowhere is detrimental to animal industiies generally or to

goat keeping in jiarticular. The general features of land, laboi-, and

climate, therefore, and of distribution ai-e singularly favorable.

(3) Over 102,000,000 acres of this unimproved farm land, or over

Gl per cent (nearly as great an area as that of 'I'exas) is the agi-ieul-

turally unproductive surplus of farms of a continuous area having

more than average favorable conditions as to relative amount, distri-

bution of labor, and climate. This area is c<)ntain«Ml in the South

Atlantic and South Central and a part of the Western divisionsof tiie
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country. It now contains nearly all tlie herds of common and spe-

cialized breeds of goats kept by the people.

(i) All the favorable conditions are emphasized in mnch of the

large area containing the densest negro population by reason of the

class and abundance of the labor element and circumstances wiiich

i-ender the adoption of an additional or new rural industry easy and
un<iisturbing. They are also strongly emphasized by the prevalence

of mountain chains through much of the area, and these are the

favorite pasture ranges of the goat.

(5) The genei'al and sj)ecial f.ivorablc conditions herein shown are

verified by all the testimony of goat raisers, some of which has been

given, relating to Angoras and to goats for milk. Altogether the

evidence seems conclusive that it would be easy and relativelj' inex-

pensive to furnish the home market with the increasing millions of

dollars' worth of skins demanded year by j^ear in our manufactures

and so far furnished by countries Avhich buj- little from the United

States. As the by-products of goat keeping may be made to cover all

its cost, the value of the goat products now imported (more than

$25,000,000 i)er year) is a clear premium olTered to their home pro-

duction, a premium to rural industries.

In connection with these facts, it is worth noting that goat raising

for much or little profit correspondingly diversifies rural industries

in Avays which are distinctly favorable to unskilled labor—a need in

this era of the prevalence of labor-saving implements and machinery,

especially in portions of our country not schooled to higher agricul-

ture. It also adds inexpensively, through meat and dairy products,

to food resources of many, especially those connected with rural life.

The only impetus given to the goat-raising industry in this country

which has resulted in organization up to the present time seems to

have shown itself in Oregon and California. In the former the Ore-

gon Angora Goat Breeders' Association was organized in 181)0, with

J. II. Ilawley, of Monmouth, as president. The California association

has a similar name, with C. P. Bailey, of San Jose, president, who is

extensively engaged in breeding and importing.

No concerted movement is yet noted in this country in the interest

of the systematic raising of goats for dairy purposes. In P^ngland

this business has been entered upon as systematically and scien-

tifically as any branch of stock breeding, and as mmdi regard to n?g-

istry is exacted in it. Many people of rank and infiuence are engaged

in breeding and keeping milch goats, not as a pa.stime, but for the

benefit of themselves and others. Among these is the Uarone.ss

Burdett-Coutts, who.se goats are exhibited at fairs and compete for

premiums.



SOME RESULTS OF DIETARY STUDIES IN THE UNITED
STATES.

By A. P. BuYANT,

Of the Office of Experiment Stations.

INTRODUCTION.

The results of niiinerous experiments in the feeding of domestic

animals made at the agricultural experiment stations and elsewhere

have been widely disseminated among the farmers. Tlie}^ arc not so

familiar with the fact that similar investigations on tlie food and
nutrition of man have been made in this country and abroad. The
problems relating to the nutrition of man are in some respects more

complex and diflicult of solution than those relating to the feeding of

animals. The general principles on which the investigations are

based are, however, the same in both cases, and it has been found

that advance in the methods of investigation of the food of man or

in the knowledge of the iprinciples of human nutrition has been of

great advantage in the studies on the feeding of animals, and vice

versa. For example, the results of studies of the chemical composi-

tion of cereals can be utilized in investigations on tlie nutrition of

both men and animals. Recently an improved form of apparatus

called a respiration calorimeter has been devised in connection with

studies on the nutrition of man, in which the Department of Agricul-

ture is engaged. With the aid of this apparatus the knowledge of

the effects of food on the nourishment of the human body and in the

production of the energy necessary to the performance of different

amounts and kinds of work is being advanced. But it is believed

that a similar apparatus will be equally useful in the study of the

same problems as related to the feeding of different kinds of domestic

animals, and therefore the Department has taken steps in cooperation

with one of the experiment stations to liave this improve<l respiration

calorimeter adapted to use in experiments with animals. It will then

be seen that studies on the nutrition of man are important not only as

aiding in the improvement of tlie food habits of the people, but also

as contributing to better methods for the feeding of farm aninuils.

In 1S80 the Massachusetts Bureau of Statistics of Labor, under the

direction of its chief, Hon. C D. Wright, began an investigation into

the actual food consumption of factorj'^ operatives, mechanics, and
other jicople witli moderate incomes. The statisti<'s from this inves-

tigation were sent to IMof. W. O. Atwater, at W«'sley{in l'ni\ crsity,

4:}'.)
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iiiidei- Avhosc direction and supervision the results were put in form
for comparison witli the results of similar studies elsewhere. At the

same time similar -work Avas being done by Professor Atwater in the

vicinity of Middletown, Conn., with the assistance of students in

the university. "With tlie cooperation of Mr. "Wright as chief of the

Massachusetts Jiureau of Statistics. of Labor and later of the United

States Department of Labor with Professor Atwater as director of

the Storrs (Conn.) Agricultural Experiment Station, the enterprise

became well established, so that in 1804, at the suggestion of the Sec-

retary' of Agriculture, Congress made an appropriation to be applied

to the study of the food and nutrition of man, which has since been

continued. The supervision ot this work was assigned to the Office of

Experiment Stations, and Professor Atwater was made the special

agent in charge. In carrying out its plans the Department of Agri-

culture has had the cooperation not only of "Wesleyan Universitj^ and

the Storrs station, but also of a large numl)er of colleges, experi-

ment stations, and social settlements in various parts of the country.

In this way a considerable amount of accurate data regarding the

nutritive value and relative cost of the diet used by people of differ-

ent occupations in this country has been obtained.

METHOD OF MAKING DIETARY STUDIES.

The part of these investigations which has to do more particularly

with the actual food consumption of people may be described as a

studj^ of dietaries. The method employed in these experiments is, in

brief, as follows: A certain familj' is found who is willing to allow

such a study to be carried on. Just before the beginning of the study an

inventory of the amounts and kinds of food materials on hand is made.

Ever^-thing edible is weighed, and, in many instances, the beverages,

condiments, etc., such as coffee, tea, spices, salt, and vinegar, are also

weighed. During the study all food materials, as they are purchased, are

weighed and their weight added to the amount of the same materials on

hand at the beginning of the studj*. The cost of the food is also taken

into account. The study continues for a certain period (a week, ten

days, or even a month) and at the end another inventory is taken of

the weights of all food niut(M-ialH on hand. The weight of any material

on hand at the beginning added to that purchased during the study,

less the amount in the house at tie close, gives the weight of that mate-

rial actually used as food during the dietary study. Not. all the nutri-

ents in the food i)Uiehased are necessarily consumed. There is a

certain amount of table atid kitchen waste which, in accurate studies,

must be recorded and the amount of nuti'ients Ihciciii detennined

and de<lucted from those in tlu^ food i»ni'cliase<l.

A careful record is kept of the attendance of the different members
of the family at ea<'h meal and of any visitors who may be present.

In this way a record is obtained of the age, sex, and occupation of
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the different members of the family, the number of moals taken ]>y

each, and the total nutrients cousume<l by the family. Of course, the

different members of the family will not eat the same amount of food.

Not only will the individuals of the same age and sex vary, but women
will, as a rule, eat less tlian men, and youni; children less than women.

Using the best available data, certain factors have been deduced

which represent more or less accurately the proportional amount of

food different persons will, on the average, consume as compared with

an adult man at ordinary manual labor. Thus, it is estimated that a

man with severe manual labor will need about 1.2 times as much as

the average man at ordinary labor, such as is performed by the car-

penter, machinist, mill workman, etc. A moderately active woman
will eat about 0.8 as much asher husband who is at work at some active

employment. A man sitting at a desk all day, a bookkeeper, for

example, also requires only about 0.8 as much as the carpenter or

plumber who is at moderately active manual labor. Children at

different ages require from 0.3 to 0.8 as much as the average man.

B}' use of these factors the total number of meals eaten by the dif-

ferent persons is calculated to the equivalent number of meals for

one man. Dividing this latter quantity by the number of meals

per day, usually three, the equivalent number of daj^s for one man is

obtained.

From actual analyses of samples of the different food materials

used or from the average composition of these food materials the

actual 7iutrients in the food eaten are computed, and the results

divided by the equivalent number of days for one man give the

nutrients per man per day.

The object of such studies as those just described is to determine

the kinds, amounts, and relative cost of food materials and of nutri-

ents consumed by different classes of people under different condi-

tions of age, sex, health, occupation, and environment. It will be

noticed that a distinction is made between food materials and nutri-

ents. The term "food materials" is used to designate the different

articles of food as they are purchased. The term "nutrients " refers

to the particular ingredients in the food materials which serve to

nourish the body. These ingredients are chiefly protein, fats, and
carbohydrates. Protein (nitrogenous material) is required to build

and repair the tissues of the body, to make blood, mu.scle, bone, and

brain, and incidentally to furnish energj-. Familiarexamples of pro-

tein are found in lean meat, white of egg, casein (curd) of milk, and
gluten of wheat. Fats and carbohj'drates are to the body what coal

is to the engine, 'i'hcy are consunu'd in the body to yield heat, to

keep the body warm, and to furnish the power required for the inter-

nal and external work of the body. Familiar examples of fats are fat

of meat, butter, and olive oil. Familiar examples of carbohydrates

are starch of flour and potatoes, sugar, and cellulose or woody liber.
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Tlie most convenient way of measuring energy is in terms of heat.

The amount of energy furnished by a pound of a given food material,

or in the total food consumed by a family, is conveniently measured

in calories, just as the weight of the protein consumed is measured

in grams or pounds. A calorie is, in round numbers, the amount of

heat required to raiso the temperature of 1 pound of water i° F.

NUMBER OF DIETARY STUDIES MADE.

The total number of dietary studies made in this country and else-

where is large, numberingmany hundred. Of these, over 200 have been

made by the Department of Agriculture in cooperation with colleges,

expei-iment stations, etc., as previously mentioned. ]Many of these

studies have been conducted with the utmost care and thoroughness.

They are, however, still too limited in number and variety to furnish

all the information needed about the habits of the people of different

occupations and incomes in different parts of the country regarding

the purchase and use of food. Nevertheless the work is sufficient

to warrant some general conclusions, and it will doubtless be pos-

sible to formulate scientific laws of nutrition as the data accumulate

from these and other investigations on the food and nutrition of nian,

SIMILARITY OF FOOD CONSUMPTION AMONG PEOPLE LIVING UNDER
SIMILAR CONDITIONS.

In the following paragraphs some of the results thus far obtained

through the studies of dietaries are briefly noted. It is interesting

to learn that families in about the same financial condition and per-

forming equivalent amounts of work do not, on the average, differ

materiallj' in their food consumjDtion. Of course, individual families

may differ to a considerable extent from the average, and if we had

the individual dietaries of the members of the family we would doubt-

less find there were still greater fluctuations. For example, in nine

dietarj- studies made among families of carpenters, machinists, etc.,

in Connecticut, the protein in the food actually consumed varied from

90 to 119 grams, averaging lOG grams, and the energy or fuel value

from 2,905 to 3,670 calories, averaging 3,420 calories. In three stud-

ies among mechanics in I'ennessee the protein varied from 05 to 110

grams, averaging 101 grams, and the eneigy from 2,S20 to 4,090 calo-

ries, averaging 3,600 calories. The food actually consumed by a tin-

smith in Indiana contained 00 grams of protein and 3,285 calorics of

energy, and that of a skilled mill worknum in New Jersey 100 gi-ams

of protein and 3,435 calories of energy. The average of all the

mechanics' families studied, 14 in number, showed 103 grams of pro-

tein and 3,40r» calories of energy in the food per man per day. It is

probable that if sufficient data of the food consumption of individu-

als were available, it would bo found that ])ersons of the same age

aud sex and performing about the same amount of manual labor
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would, on tlie avcnigo, consume food containinj]f approximatfly llie

same amount of protein and energy. A notable exception to this

statement is found among the negroes of the Soutli, as shown ])y the

studies made at Tuskegee, Ala. The negroes consume large quan-

tities of bacon and corn meal, both deficient i)i protein, so that their

daily diet is deficient in tissue-building material while furnishing

about the same amount of energy as the average workingman else-

where has in liis food. A similar deficiency may exist in the dietary

of many wliite people of limited means in the South, especially in the

mountain regions, where their diet is quite similar to that of the negi*o.

DIFFERENCES IN FOOD CONSUMPTION AMONG PEOPLE OF DIFFERENT
OCCUPATIONS.

It has been shown that people at hard work consume considerably

more food than i)eoiilo engaged in sedentary occupations. As illus-

trations of this fact, several dietary studies may be cited. The first

was of a builder's family in New York City. The husband was a very

large and strong man, who, it was said, could perform the work of

about two ordinary men. His wife was also large and active. The
average food consumed per man per day by this family contained 195

grams of protein and 5,955 calories of energy'. In the family of a

blacksmith residing in IVIiddletown, Conn., the food consumption per

man per day amounted to 100 grams of protein and 3,G40 calories of

energy, and that in a carpenter's family in the same place to 101

grams of proteiii and o,3G5 calories of energy. The family of a

teacher in Lafayette, Ind., liaving a comparatively small amount of

muscular exercise, consumed food furnishing 100 grams of protein

and 2,780 calories of energy per nuin per day. These examples illus-

trate the difference in food consumption by people with different

amounts of labor.

EFFECT OF CHANGE OF LOCATION ON THE DIETARY.

As a result of dietary studies carried on among families of foreign

birth or parentage in Chicago, it was found that they continued to a

considerable extent the dietary habits learned in their native coun-

tries. All the different nationalities quite generallj' imtronized

markets kept bj^ their own countrymen and purchased the kind of

food nuiterials to which they liad been accustomed. The Italian

families cling to the use of macaroni and oils, wines, and cheese,

because they were accustomed to them in Italy. They use little

milk, and have little idea of the value of Auierican vegetables.

Macaronj, which forms one of their chief articles of food, is now made
in this country and foi'ms a nutritious and fairly inexpensive article

of diet. The oil, wine, and cheese are largely imported, and hence

much more expensive here than in Italy. They seem to be actuallj'

in dread of American foods, instead of taking pains to adapt their
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tastes to foods wliieh are easily and cheaply secured. Among the

families of Russian Jews it was noticed that the orthodox class held

firmly to the ecclesiastical laws governing the mode of slaughter of

animals for food, and that even among the unorthodox few had over-

come their antipathy to pork, and this article of diet appears to be

very little used among them. It was found, however, that extended

residence in this country gradually produced changes in the food con-

sumption, so that the families born in this country of foreign parents

did not seem to differ materially in their food purchases from other

native Americans in the same region.

DIETARY STUDIES IN FARMERS' FAMILIES.

A dietary study was made of a farmer's family in Vermont. It was

in winter, and the family lived at such distance from available mar-

kets that it was not always convenient to obtain fresh meats; conse-

quently the amount of such food used was small as compared with that

found in the ordinary dietary. The vegetable foods were largely

those produced on the farm. Large amounts of flour, corn meal,

potatoes, beans, and onions Avere used, together with crackers, sugar,

and molasses. The total protein in the food amounted to only 69

grams and the energy to 2,960 calories per man per day. A dietary

study of this same family in the summer, when all were engaged in

rather active exercise and the markets were perhaps more accessible,

showed not only an increased food consumption but a larger propor-

tion of meats. The food consumed i)er man per day then furnished

89 grams of protein and 3,300 calories of energy. In general, it may
be said that, as compared with corresponding studies of people with

a modei-ate amount of work living in towns and cities, the diet fur-

nished an excess of fuel ingredients (carbohydrates and fat) in pro-

portion to tissue-building material (protein). The average of ten

dietary studies among farmers' families, chiefly in Connecticut, shows

that the daily food furnished 97 gi'ams of protein and 3,915 calories

of energy per man; rather less protein and more energy than have

been found in the average food consumption of the carpenter, nu\chin-

ist, and blacksmith. This same difference is found in the diet of the

farmer as compared with professional men. The teacher living in a

large town or city consumes on the whole rather more meat and less

flour and vegetables than his friend on the farm. This difference in

food hal)its is largely due to difl"<'rence in the opportunities for the

purchase of food. People living in towns have a much wider range

of choice than those in tlie count ly, especially as regards meats. On
the other" hand, owing to the abundance of vegctabh's, gngns, and

other farm products, and the (lilhculty of obtaining fi-esh meats in

convenient <|uanlities, the farmer's diet is apt to be deficient in nitrog-

enf)us foods as compared with the food <'onsumption of other classes

of people. Whether this is a disadvantage physiologically, is a
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question that can not bo definitely answered at the present time. It

would seem that a larger proportion of protein would bo desirable.

This deficiency could be readily made up by consuming more eggs,

milk, and cheese.

DIETARY STUDIES AMONG MEXICANS AND NEGROES.

Another illustration of the fact that the most available food supply

usually determines the dietary habits is afforded by dietarj' studies

made in New Mexico and in the lUack IJelt of Alabama. It was

found that Mexicans living on the ranges of New Mexico consumed
very little meat, and that the food consisted almost entirely of flour,

corn, chili pepper, and legumes raised at home. The average food

consumption of four families residing in this region showed 94 grams

of protein and 3,550 calories of energy, I'esults agreeing very closely

with those obtained in studies of the Eastern farmer, although the

cost of the food in the case of the Mexicans was much smaller,

amounting to but 7 cents per man per day. The negro in the South

is accustomed to living upon a very simple and inexpensive diet, con-

sisting of food uiaterials which will keep almost indefinitely in a warm
climate without deteriorating. The diet is largely made up of bacon

and corn meal, and the amount of protein furnished is very small com-

pared AA'ith the energy. In this case there can be no doubt that the

diet is one-sided.

It is interesting to note that in negro families who had come more

or le.ss under the influence of such educational institutions as those

at Tuskegee, Ala., and Hampton, Va., the diet became more or less

modified. -To illustrate, a family which may be regarded as typical,

living on a plantation in Alabama and coming in no way under edu-

cational influences, had a diet consisting of fresh pork, bacon, butter-

milk, corn meal, and sugar. This diet furnished 52 grams of protein

and 3,235 calories of energy per man iier day. Not very far away
there lived another family, two of the menibers of Avhich had come

under the influence of the Tuskegee Institute. The diet here con-

sisted of bacon, eggs, milk, butter, wheat flour, corn meal, sugar, and

molasses. The food per man per day furnished !»2 grams of protein

and 3,270 calories of energy, or nearly twice as much protein and the

same energy as was obtained by the preceding family. In the out-

skirts of Tuskegee lived a colored carpenter who had learned liis

trade at the institute and was quite skillful. His diet contained beef

round, mutton leg, bacon, lard, chicken, eggs, butter, milk, wlu^it

flour, corn meal, rolled oats, sugar, molasses, evaporated apples,

and strawberries, a diet as varied as is found in many families in

comfortable circumstances in other regions. The food furnished •.»7

grams of protein and 4,000 calories of energy per man per day. These

results show moi-e energy than is usually found in the food consunuHi

by persons at moderate labor. The protein compares ciuite closely
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willi that foniKl in the diet of tho <ivorai2;o iiioclianics' families. The
lariror amount of eiieri^y is due perliaps to the fact tliat more muscuhir

work was performed.

ANIMAL AND VEGETABLE FOODS IN DIETARIES.

Different food materials differ widely in the kinds, proportions, and

amounts of nutrient ingredients they contain. It is customary to

group these materials into two general classes, animal and vegeta])le

foods. The animal foods, such as beef, veal, mutton, pork, (ish, poul-

try, eggs, cheese, etc., contain, as a rule, little or no carbohydrates.

Exceptions to this rule are chiefly found in milk and products manu-

factured from milk. With the exception of butter, lard, and all but

the leaner cuts of ijork, animal foods are essentially a source of pro-

tein rather than energj'. In such materials as veal, young chickens,

and fish there is almost no fat, protein being practically the only

nutritive ingredient. The j^resencc of animal food in the diet is due

not only to custom and desire for variety, but also to the fact that

with most people it is one of the most important sources of protein

or tissue-forming niaterial. At the same time animal foods are more

expensive than a large number of the vegetable food materials.

Among vegetable foods we usually distinguish between cereals and

their manufactured products, sugars, starches and tho like, vegeta-

bles, and fruits. Of these subclasses tho cereals are most important.

The cereal foods (corn, wheat, barley, buckwheat, etc.) and their

manufactured products (flours, bread, crackers, etc.) not only fur-

nish a very large proportion of the actual nutrients in the ordinary

diet, but furnish these nutrients most economically. Ten cents

expended for wheat flour or corn meal will purchase a much larger

amount of nutriment than if expended for any other food material,

unless it be dried beans and peas.

With the exception of a few of the more common vegetables, such

as potatoes, turnips, beets, and onions, the green vegetables and

fruits, such as cabbage, lettuce, squash, string beans, tomatoes,

apples, oranges, bananas, strawberries, etc., contain a comparatively

small proportion of actual nutrients. Their value in many cases lies

not .so much in the actual amount of nutrients they contain as in

the variety and palatableness tliey give tho diet, and in the organic

acids and the mineral matters they contain. When used in con-

sideiablo amounts they largely increase the cost of tho food while

adding com[)aratively little to the actual nutritive value of the diet.

As an illustration of this latter statement, the case of a skilled mill

workman in New Jersey inay be cited. The nujnber of meals taken

by lh<« different members of this family during the study was e(iuiv-

alent to one man one hundred and twenty-.soven days, or practically

four months. During this time *-M<) was expended for oranges and

$3 for <'elery, making a total of $5.10 for these two articles, which
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between them furnished 150 grams of protein and 0,445 calories of

energy. Dui'ing the same time $5.10 was also oxpondcd for cf^roal

foods and sugars, and 3, 375 grams of protein and 184,185 calories of

energy were obtained, or about twenty-five times the amount fur-

nished by the oi'anges and celery. The amount expended for vege-

tables and fruits aside froui the oranges and celery amounted 1o

$5.75 and furnished 1,909 grams of pi-otein and 58,000 calories of

energy, or, in round numbers, ten times as much as was obtained in

the oranges and celer3^

SOME EFFECTS OF DIFFERENT COMBINATIONS OF FOOD ON DIETARY.

Results of dietary studies show a great difference in the kinds of

cereal foods, meats, vegetables, and fruits i3urchased by different

families, so that one family may obtain more nutrients for the same
money or the same amount of nutrients for less money as compared
with some neighbor. Dietary studies were carried on in the families

of a teacher and of a tinner living in Lafayette, Ind., during the spring

of 1895. An examination of the details of the two studies shows that

the teacher obtained per man per day 75 grams of j^rotein and 1,425

calories of energy at a cost of 12 cents; the tinner, 02 grams of protein

and 1,040 calories of energy at a cost of 13 cents. In other words, the

actual nutritive value of the diet was not notably different in either

case. The proportion of beef, veal, eggs, etc., in the two diets was,

however, quite diffei*ent. The teacher's family used large amounts of

beef, round and shoulder, and some loin steak, which Avas purchased
at a low price. The tinner's family used rather less beef, but the

cuts that were used were, on the whole, more expensive. The teacher's

family used more veal, which was relatively costlj'; less eggs, more
than twice as much milk, and less butter than the tinner's family.

On the whole, the former got a little more protein and a little less

energy than the latter in the animal foods purchased.

However, the great difference in the two dietaries lies in the kinds
of cereal foods purchased. The teacher's famil}- had homemade bread
and cakes, while the tinner's famil}' bought bakers' bread and occa-

sionally cakes. The former obtained his bread at about half the cost

to the latter, even when a reasonable allowance is made for the cost

of all the ingredients in the bread and tlie heat required to bake it.

The teacher's family used more cereals and less vegetables and fruits

than the tinner's family. In these ways the former family obtained
in their vegetable foods 30 grams of protein and 1,485 calories t)f

energy for G cents per man per day, while the latter spent more than
twice the amount (13 cents) per man per day and obtained 44 grams
of protein and 2,200 calories of energy. In other words, the teacher
obtained for 18 cents as much protein and nearly as much energy as
did the tinner for 20 cents.
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DESIRABILITY OF CONSIDERING NUTRITIVE VALUE IN THE PURCHASE
OF FOOD.

The eircninstancos of some families are such that they can afford

the liigher-priced meats and the costlier vegetables and fruits, while

otlier families have to calculate closely in order to make both ends

meet. The man witli an income of $5,000 a year can pay 25 or 30

cents a pound for his steak and buy large amounts of celery, oranges,

etc., but the man with an income of $500 a 3'ear can ill afford such

expenditures. In such cases it is frequently of the greatest impor-

tance that the purchases of food shall be guided rather by the amount
of nutrients they Avill furnish than by their palatability or bulk. It

has been found that the inexpensive foods are often as nutritious as

the costly; in fact, cost is not regulated by nutritive value. Skill in

preparing food Mill render many inexpensive articles very appetizing

while the most expensive articles are often ruined by poor cooking.

Examples of the effects of the lack of knowledge of the value of

different food materials for nutriment were shown in some results

obtained in the study of dietaries among families in New York City.

In one instance a family depending more or less of the time upon
charity consumed food furnishing 40 per cent more protein and 16 per

cent more energy than is found in the average diel of the mechanic

with an income of $2 to $3 a day. In another case the total income

of the family, consisting of the father, mother, and five daughters, the

oldest 21 years of age, was about $21: a week, but through carelessness

and ignorance they were insufficiently nourished. At the time of the

studj^ they were obtaining 85 grams of protein and 2,235 calories of

energy per man per day. The diet was afterwards changed for the

better, and a few months later the family had greatly improved in

health.

Nine cents a daj^ is a very small allowance foi" a man at moderate

work, and yet several instances have been observed in connection with

the dietary studies made in this country in which the food per man
per day has been purchased for this sum or le.ss. A family living

in New York City may bo cite<l. The daily food of tliis family fur-

nished but 54 grams of protein and 1,500 calories of energy, less than

half the protein and energy found on an average in the diet of a man
in more comfortable circumstances. Even with this small sum the

family might liave fared much better liad the mother known more

al)Out the nutritive value of tlie different foods. For instance, they

miglit have iised more wheat floui- and less cake. As a matter of fact,

a mill workman's family in Pittsburg, for the same sun>, obtained 77

grams of protein and 2,440 calories of energ}' j)er man \)ov day. In

other words, they obtained 50 per cent more nuti-ients for the same
money and the diet seemed equally palatable. Similar cuts of meat
were l)ouglit, mor<> clieaply and other cuts wei-e selected whicli cost

but half the price per pound that was paid by the New York family.
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All vegetable foods were piircliased by Hh! I'ittslmr.:; fjiiiiily at a

STnalloi- price per poiuid. Stale bread was also purchased for i'.'* cents

per pound that actually furnished nujre nutriment, p(;und per pound,

than the fresh bread ijurchased by the New York family at 4 cents.

The results of a considerable number of dietary studies made among
families with very limited incomes in different parts of tlie country

indicate that through Ignorance of the real nutritive and pecuniary

value of different food niatei'ials either more is spent for foo<l than

can well be afforded or the faniil}'^ is insufficiently nourished on the

sum expended. Often a considerable sum is wasted by purchasing

food in very small quantities.

Many peoijle have the imi^ression that milk is an expensive food.

In some instances this is undoubtedly true. At other times its intro-

duction into the diet in larger amounts than customary may actually

serve to lessen the cost of food. In a series of dietary studies made
at the Maine State College the experiment was tried of allowing a free

consumption of milk, of substituting milk for other foods, and finally

of reducing the amount allowed each man. It was found that the

cost of the diet Avas slightly greater when the milk supply was limited,

and that the unlimited use of milk actually made the cost of the diet

a trifle less. The amount of other foods was reduced as the amount
of milk was more liberal. It should be said that these changes were

not marked enough to render the diet unpalatable in any case.

IMPORTANCE OF AVOIDING WASTE OF FOOD.

In all that has been said thus far the term food consumption has

been used. The food actually consumed is usually less than the food

purchased, owing to waste in the kitchen and on the table. By the

term waste is not meant the inedible portions of the food nuiterials,

such as bone, tendon, vegetable parings, etc., unless these are very

large in proportion, but those portions of the food, which though

edible, are thrown away. The actual amount of such waste varies

greatly in different families. In some cases investigated it has

amounted to practically nothing, and in other cases it has been nearly

one-fifth of the total food purchased. Generally speaking, the amount

of waste has been found to be greatest in those families who can best

afford it. This is not always the case, however, and occjisionally an

unusually large proportion of waste has been observed in the diet of

those who can least afford it. This is illustrated in the diet of the

family in New York City ijreviously referred to. As staled, they had

only about one-half the amount of nutrients found in the average diet

of the man at moderate work, and yet nearly tJ per cent of the total

food purchased was wasted. The average waste found in fourieen

mechanics' families in such circumstances that they were not neces-

sarily restricted in their choice and use of food, amounted to G per

cent of the total nutrients purciiased; that in professional men's

1 A 98 29
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families to a little over 3 per cent. It is of interest to note that, while

the professional man was payini^: 28 cents per day for his food and the

mechanic 19 cents, the former onl^' wasted half as much as the latter.

SUMMARY OF AMERICAN DIETARY STUDIES.

In the followinji: tal)le the results of the more important dietary

studies which have been referred to in the i)i'eceding pages ai'e sum-

mariz<Ml:

Couqnirinon of IJir. dirraye food con!iiimj)tion of people of different occitjKif ions or

in different conditions of life.

[Per man per day.]

Families studied.
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WAYS IN WHICH THE RESULTS OF DIETARY STUDIES MAY BK USED.

Some of the more important and more noticeable results of dietary

studies have been noted in the preceding paragraphs. How can these

results be applied to the benefit of tlie individual, the class, or the

hunum race? There are man}' waj's in wliich this can be done. Per-

haps one of the most important of these is in instruction concerning
the nutritive value of the different food materials and tlieir pecuniary
economy. People sliould be taught how to improve their di?t by the

economical purchase of those materials best adapted to their physical

needs. It will be found that by exercising care in the purchase and
preparation of food a palatable and relatively inexpensive diet may
often bo obtained. Much is already being done along this line in

many of the large cities, where the cost of many food materials must
always be relatively large.

AVhen the true character of the different kinds of food materials is

more thoroughly understood diet will almost of necessity become
more rational. With the advance of knowledge as to the physical

requirements of the bod}' it Avill become possible to establish stand-

ards which shall indicate the approximate amount of the different

nutrients required. By this it is not to be understood that any defi-

nite rules for the consumption of food can be laid down, but simply
that it will be possible to furnish a reliable guide for the purchase
and use of foods.

The proper nourishment of the inmates of in.stitutions where large

numbers must be fed, such as schools, reformatories, i)risons, and
hosi^itals, is a subject that is attracting no little attention at the pres-

ent time. In several instances studies have been made of the actual

food consu miction in such institutions, and at the present time an
extended study of the food requirements of the insane is being car-

ried on by one of the States. In many instances dietary studies have
been made in schools, college clubs, etc., and the information obtained
has been of much use. That such studies have been found to have a
practical value and that the interest in them is widespread is shown
by the fact that a considerable number have been undertaken by
instructors and others interested, aside from those carried on by the

Department of Agriculture.

When it so happens that large bodies of men are to be fed, as in

the case of armies, or where the transportation of large amounts of

food is difficult, the results obtained from dietary studies and similar

investigations are of the utmost advantage in the selection of the
food ration. It also becomes possible to select condensed rations

which for emergencies shall furnish witliin the smallest space suffi-

cient food for sustenance.

These are some of the more imjiortant uses that can l»e made of the

results of dietary studies and similar investigations. They nvo sutli-

cient to show the advantage to be obtained fiom extended research
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in this direction. At present only a beginning has been made, but

every year adds to the data obtained.

In general, the object of dietary studies is not to limit the amount
or variety of food to be used by the i)eople, but rather to discover

ways and means in which their dietaries may be improved and the

available food supply be most economically used to maintain the body

in good health and to make it an efficient inslrunient for the different

forms of labor required by our complex civilization.

It is not the purpose of food chemists to prescribe weighed amounts

of different foods as a x^hysician prescribes medicines, but rather to

show the actual nuti-itive value of different food nuiterials and their

relative economy as sources of nutrients, leaving the application of

the knowledge to individuals. Although dietary standards are sug-

gested, it is not necessary that the food each day should contain

exactly the kind and amounts of the different nutrients required by

the standards. A slight deficienc}^ one day will be made good by an

excess the next, the body serving as a storehouse for reserve mate-

rial. Experience has, however, shown that the body is best nourished

when through long periods the food approximates the requirements

of the so-called standards. Individual requirements and individual

peculiarities will alwa3^s aft'ect the choice of foods. In the purchase

of other things their value for the purpose for which they are

intended is considered as well as their cost. Without doubt the same

principle may be advantageously applied to the purchase of food. By
the exercise of a wise economy, based on a knowledge of the real nutri-

tive value of foods, a more satisfactory diet can be obtained for a less

sum than is at present expended in manj- cases, or the cost of the

diet may be diminished without lessening its nutritive value.
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By Victor A. Norgaard, V. S. (Copenhagen),

Chief of Pathological Division, Buremi of Animal Industry.

INTRODUCTION.

By the term cattle dipping is meant the immersion of cattle in solu-

tions of various chemical preparations for the purpose of destroying

parasites which infest their skin. Tlie purpose of this paper is to

consider the practice of cattle dipping, with particular reference to

freeing the cattle of the parasites known as ticks, esi^ecially the

Boopliilus hovis, the tick which causes Texas, or Southern, fever.

Southern, or splenetic, fever (usually called Texas fever) is an

infectious disease caused by a microparasite. This parasite, when it

enters the system of susceptible animals (those animals which have

been reared in sections of the countr}' where the tick is not indigenous),

destroys the red corpuscles of the blood to such an extent that the

blood becomes thin and watery. The disease is always accompanied

by high fever, and the course is, as a rule, acute, reaching the climax

on the fifteenth or sixteenth day after infection, when death generally

results.

Considered as a parasite, the Texas fever tick, so long as it is con-

fined to cattle which are reared in sections of the country where the

tick is native, is less injurious than those which are the cause of itch,

mange, and other cutaneous diseases. But wiien by any means,

natural or artificial, the ticks come in contact with cattle from other

parts of the country, they produce the fatal disease commonly known
as Texas fever. Therefore, when cattle from a territory infected with

these ticks are to be taken into a noninfected territory, it is of the

greatest importance that they first be freed of all ticks. So far as

known at this time, the only remedy is to dip the cattle in a strong

disinfecting solution. This is the i)rocess whicli will be discussed in

this paper.

ESTABLISHMENT OF QUARANTINE LINE.

As early as 1889 Dr. D. P]. Salmon demonstrated that the district

from which cattle carried the contagion of Texas fever was identical

with the territory in which the cattle tick was foun<l, and although it

was not until a few years later that the true relationshii) between the

tick and Texas fever was finally established, a precautionary meas-

ure against the spread of the disease was taken in the form of a rigid

quarantine, which excluded all cattle of the Southern tick-infected

453
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country from the uninfected district, where cattle were known to

contract the fever and die when they came in contact witli Southern

cattle. As experience had proven that during cold weather the dan-

ger of infection was greatly diminished, if not entirely eliminated,

the quarantine regulations were suspended during the coldest part of

the season, that is, from December 1 to Februarj'^ 15. This period,

the so-called open season, was later changed to November 1 to

December 31, during which time all cattle from the infected territory

were allowed to pass into the uninfected territorj^ without any restric-

tions whatever. During the remaining ten months, however, cattle

from below the quarantine line could onl}^ be shipjied north of it

when intended for immediate slaughter, and rigid precautions were

taken to prevent the spread of the disease from such animals.

That these measures worked great hardships to the cattle raiser

south of the quarantine line is evident. The Southwest is and always

will be the breeding ground of the whole country, from which the

great majority of stock cattle and feeders are furnished to the cen-

tral grain-producing States, as well as to the vast maturing ranges of

the Northwest. Cutting these cattle off from the market for ten

months in each year naturally results in a glut during the open sea-

son, with correspondingly lower prices. Furthermore, the cattle

must be shipped North from the mild Southern climate at a season of

the year when they are frequently exposed to extreme cold weather,

for which they are entireh^ unprepared and wliich often causes heavy

loss among them. On the otlier hand, the Northern buyer is com-

pelled to purchase the feeders which are to consume his surplus of

grain at a season when it is difficult to acclimate them, and which is

always far behind the time when lie is ready to receive them.

In the immense pastures of the Northwest cattle develop to a greater

size on the nutritious grass than anywhere else, but owing to the long

and severe Avintcrs a sufficient number of calves can not be raised

to keep these pastures stocked. Calves that are born late in tlie sum-

mer and fall are difficult to winter, and the precautions necessary to

bring thom through are more costly than to purchase stock cattle

from the South and mature them on tlio ricli grass.

In view of these important facts, all efforts were concentrated to

devise some means whereby the Southern feeders and stock cattle

might at all timos of the year bo brought to the large slock centers

and feed lots in the grain-growing Slalos or the maturing ranges of

the Northwest. Experience soon showed Hint this object might be

attained if a satisfactory dipping solution could be found.

THE CATTLE TICK THE TRANSMITTER OF TEXAS FEVER.

In a l)Mlletin issued bytlic P.ureau of Animal Induslry in ISO.*] it was

shown that the cattle tick is the sol«^ IraMsmiller of T«>xas fever, and

that when Southern cattle had been eoiupletely freeil from ticks they



CATTLE DIPPING, EXPERIMENTAL AND PRACTICAL. 455

miij;]it be brought into the iioninfecUMl territory wilhout danger of

eoniiniinicating the disease to the Northern catth}. The same bulletin

suggested a means to fi'ee the cattle from ticks, namely, to ])ass them
through a disinfecting bath, or, as it is now termed, to dip them.

THK FIRST DIPPING VAT.

The fii'st dipping vat to be built in this country was constructed ])y

Mr. K. J. Kleberg, manager of the Santa Gertrude's ranch, in Nueces

County, Tex., Avho u.sed it for treating liis stock for maiige and itch.

For this purpo.se the cattle were dipped in a strong solution of car-

bolic acid, and it was soon noticed that a large number of tlie ticks

which infested the cattle became severely affected by the dip. Mr.

Kleberg then placed his dipping vat and also his ticky cattle at the

disposal of the Bureau of Animal Industry, and during the following

five years, with the object of testing the tick-destroying properties of

various disinfecting preparations, there were dijiped at this ranch

more than 25,000 cattle. The important fact was learned during

these experiments that the ticks were better able to resist tlie effects

of these preparations than the cattle. When the solution was strong

enough to destroy all the ticks it injured the cattle, and when suf-

ficiently diluted not to irritate the skin and eyes of tlie cattle the

ticks would survive. As an instance showing the resistance of the

tick to strong disinfectants, it may be mentioned that a solution of

corrosive sublimate in water (1 to 250) does not in the lea.st affect

the tick when left in it for several minutes. The same is true of car-

bolic acid, arsenic, lime-and-sulphur, and a great number of proprie-

tary sheep dips.

THE OIL BATH.

Dr. M. Francis, of the Texas Agricultural Experiment Station, was
the first to suggest the use of an oil dip. It fs common experience

that any kind of grease or oil will destroy the ticks when applied to

cattle infested with these parasites. Dr. Francis suggested the use of

crude cotton-seed oil. A layer of 2 or 3 inches was floated on water,

which filled the dii)ping vat to a depth of about § feet. AVhen cattle

were immersed in such a bath they would, as a rule, come out well

covered with oil; but it was soon found that many ticks survived the

dipping, even when 10 to 15 per cent of crude carbolic acid was added

to tlie oil. Besides this drawback, the oil had a very heating effect

on the cattle, especially during the hot summer months. Nevertlie-

less, the oil dip was a step in the right direction, and various kinds

of oil and oil emulsions with soap and carbolic acid were tested at

Santa Gertrude's ranch; but none of them proved satisfactory. It

was evident, also, that a lighter oil must bo found in order to avoid

the heating effect on the cattle, and one which at the same time

would have a more decided ellect on the ticks. Dr. Francis then
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suggested crude black mineral oil, which also proved too severe on

the animals, and, besides, a double dipping, with an interval of several

days, did not destroy all the ticks.

EXPERIMENTS AT FORT WORTH.

About the middle of 1807 great interest was being taken in the dip-

ping question in various States, and stockmen everywliero began to

realize that it would be of immense economic importance if a satis-

factory dip could be discovered. In August, 1897, the Fort Worth
Stock Yards Company built a large dipping plant and placed it at

the disposal of the Bureau of Animal Industry.

The results previouslj" obtained indicated that a light mineral oil

would be most likel}'^ to have the desired effect on the ticks, and

hence experiments were inaugurated at Fort "Worth in order to test

some of the so-called paraffin lubricating oils. These oils, which are

derived from crude petroleum after the moi-e volatile substances, as

benzine, gasoline, and kerosene, have been distilled over, were used

in a layer varying in depth from a feAV inches to 1 foot on water in

the dipping vat, and it was found that their elteet was superior to

anything which had hitherto been tried. It was observed that while

the vegetable oils, as well as the crude mineral oil, had merely a

mechanical effect, in that it closed up the pores of the skin of the

parasites, the jiaraffin oil had in addition a decided chemical action.

After the cattle had passed through a paraffin-oil dip many of the

ticks would immediately drop oil and die. Within a few hours tliose

that remained on the cattle showed violent contractions, changed in

color, and shriveled up. These effects were i^roduced in some cases in

a few hours, but the majority of the ticks did not die until from

twenty-four to forty-eight hours after dipping, and some after even

a longer period. The effect on the cattle was less severe than was

observed in the experiments with other oils. On warm days, when
shelter from the sun was iDrovided, the cattle did not pant as when
dipped in black mineral oil or cotton-seed oil. It was only by use of

a thermometer tliat a rise in temperature (from 2° to 5° F.) could be

discovered. Some of the animals showed a stiffness and swelling of

the legs and reddening of the skin, while the ej'elids of some became

slightly swollen. These elTects, however, passed off in the course of

a few days.

These very encouraging results, Avhich were given wide publicity

tlirough the press, caused a greater interest to be taken in the dip-

ping question, especially by those States which wore desirous of

obtaining stock from Texas at all times of the year. The numage-

ment of the Fort Worth Stock Yards, in reply to numerous inquiries,

agreed to furnish tlio necessary cattle and oil to demonsti-ate to rep-

resentatives of State live-stock sanitaiy boards the feasibility of em-

ploying the dipping process for commercial purposes. A convention
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was called in September, 1897, at Fort Worth, wliich was attended

by delei^ates from Illinois, Missouri, Nebraska, Kansas, Colorado,

Oklahoma, and Indian Territory, as well as from many parts of Texas.

A number of cattle were dipped, 1 foot of paraftin oil being used on

the water. A small amount of animal oil was added to the paraffin

oil, as it was supposed tliat this would tend to allay the irritatin*^

effect on the eyes and skin, but no noticeable iinpnnement was

observed. The delegates were pleased with tlie manner in which the

cattle were put through tlie vat, and the effect of the oil on the ticks

was equall}' gratifying. However, a small number of ticks survived,

and, the weather being extremely warm, the oil had a more severe

effect on the cattle than had hitherto been experienced. For these rea-

sons the experiments could not be considered an unciualified success.

This convention commended the Bureau of Animal Industry for the

work it had done, expressing the belief that the experiments carried

out rendered "the transmission of Southern fever no longer a niatter

of dread," and requested that the Bureau carry on the work another

year, in the hope that the question might be brought to a successful

conclusion as early as possible. It was of importance that the method

should be perfected early enough the following spring to permit the

dipped cattle to be exposed in the various States north of the quaran-

tine line for a period of two months during the hottest part of the

summer, in order to demonstrate that the dipping had deprived them
of their ability to transmit the fever. The representatives from the

various States signified their willingness to cooperate with the Bureau

of Animal Industry in this exposure test, and the dipping vats at

Santa Gertrude's ranch and Fort Worth were placed at the disposal of

the Bureau.

EXPERIMENTS AT SANTA GERTRUDE'S RANCH.

On the first of April, 1898, the experiments were thei'efore resumed

at Santa Gertrude's ranch, where it was less difficult to obtain ticky

cattle. A paraffin oil lighter than the one which was used at Fort

Worth the previous season was procured. This was a clear lubricating

oil of a slightly less specific gravity than the one used at Fort Worth.

This lighter oil was considerably thinner than the kind used at Foi-t

Worth, and it was believed that it would drain off the cattle more
quickly than the latter, and perhaps also lessen the heating effect.

Experiments were made with this oil in a layer of G inches on the water

in the vat. As was exjiected, a number of cattle dipi)ed in this bath

emerged with a thinner coating of oil; otherwise there was not much
difference in the effect on either the ticks or the cattle. Some of the

animalsbecameslighth' stiff and others had swollen eyelids, and though

the greater number of full-grown ticks were destroyed, a number of

mediuni size survived. The ticks which were not killed were located

principally on the lower parts of the body—the brisket, abdomen,



458 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

legs, etc. This fact gave rise to the suggestion that tlio ticks which
became steeped in the water while the animal was s\\iinmin,i; tlirongh

the vat passed tlirongli oil only as the animal made tlie plunge and
at the moment of leaving the vat, when oil and water as a rule are

very much agitated, and consequently left these ticks covered with

less oil than those on the upper parts of the animal. (See figs. 121

and 122.) It was therefore decided to make a test of dipping in a vat

of oil alone. For this purpose a small vat was constructed, with a

capacity of 250 gallons, being large enough for the complete submer-

sion of a good-sized yearling. A number of animals were then dipped

Fig. l^il.—Steer in clipping vat.

in this solid-oil bath, and it soon became evident that it had a more
severe effect on the animals tlian when used with water. A limited

number of ticks (two or three on a dozen cattle) remained alive. The
effect on the cattle was too severe to admit of double dipping. It

therefore became necessary to discard tliis oil and to find some
means whereby either the tick-destroying jiroperties of the oil might
be incH'ased or the ir.-italing effect on llie animal sullicicntly lessened

to allow of a donl)lo dii)ping.

All (•l<l-tiiiie remedy for ticks aii<l olhcc skin j>arasites in the South
is sulpliui-; and while this had been tested in various forms, both

e.xteinally and internally, it had never been found to be reliable
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where the result desired was 1o free cattle completely of ticks, llow-

evei-, it was thought that by the addition of suli)liur the elTectiveness

of oil might be increased. In carrying out this suggestion it was soon

discovered that part of the sulphur was dissolved in the oil, and if

the oil and sulphur were luxated t(j about 200" F. the oil would take

lip from 2 to 3 i)er cent of the sulpliui-, part of which, however, was

precipitated when cooled off to ordinary temperature, leaving about

1| per cent of sulphnr in the solution. As no facilities could be

obtained for heating a large quantity of oil at the ranch, the suli)liur

was simply added to the cold oil and stirred repeatedly for two days,

Fig. 122.—Steer emerging from dippiuj; vat.

at the end of which time the oil had dissolved about 1 per cent of the

sulphur. This preparation was poured into a small vat and a number

of yearlings dipped in it. After three days not a single living lick

could be found, bnt most of the animals had swollen eyelids and

suffered considerably from heat. It is doubtful whether the addition

of sulphur increased the irritating effect of the oil, but it was apparent

that the animals dipped in it were not in a condition to be driven or

transported. Those left in a good pasture, close to the dipping vat,

soon recovered from the effects of the oil, but attempts to remove

them to other parts of the ranch had to be abandoned, as they quickly

became overheated.
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EXPERIMENTS RENEWED AT FORT WORTH.

As no means could be found wluM-eby the in-itating effect on the

cattle might be lessened, it luiving been shown in pi-evious experi-

ments that an addition of animal oil did not Ihive the desired effect,

it became necessary to suspend any further expei-iments with this oil;

and as no other oil could l)e obtained in sutTicient quantities within a

reasonable length of time the field of operations was removed to

Fort Worth. The experiments at Santa Gertrude's ranch had demon-
strated that the tick-destroying properties of an oil might be increased

through the addition of sulphur, and that a solid oil bath was more
reliable, so far as the ticks on the lower part of the body were con-

cerned, than a dip consisting of a layer of oil floating on water.

The problem remained to find an oil with a less irritating and heat-

ing effect than those heretofore employed, and, it having been

observed that the.se effects decreased in direct proportion to the thick-

ness of the oil, it was decided to obtain an oil as thin as possible.

For this purpose a number of samples of various lubricating oils

were examined and one of verj^ light specific gravity, called extra

dynamo oil, was selected. This oil was said to be perfectlj'^ free

from acid, and to contain less paraffin than those hitherto used, while

it contained a higher percentage of volatile substances than any
of the others. A number of barrels of this oil was procured. In

order to test the effect of the oil alone, two yearlings were dipped in

a small vat completely filled with oil. The effect on the ticks was
surprising. Two to three hours after the dipping all the large ticks

were dead, most of them having turned into a bhjick, brittle sub-

stance, resembling grains of scorched corn that might be ground into

powder between the fingers. All the smaller ticks and molting ticks

were also badly affected, while the medium-sized ones showed more
resistance. In the course of forty-eight hours only two medium-
sized live ticks could be found, those being on one animal, and as

the oil had evaporated to a great extent there did not' seem to be

much prol)ability <>f fheir dying. Neither of the animals showed any
swelling of o3'eli<ls or any noticeable stiffening of the legs. One of

them, however, an emaciated Jersey-cross " dogy," gradually lost

its appetite aiul became weaker ami weaker until after two weeks it

died. A post-mortem (examination showed thin, watery blood and a

slightly enlarged spleen. At the time, however, this was not recog-

nized as a case of Texas lever. As the other, a stronger animal,

recuperated (quickly, it was thought that the smaller one was sick at

the time of dipping, and therefore did not possess sufficient strength

to withstand the shock received during the 'process. As two ticks

survived, the oil could not be considered reliable as a tick destroyer

after a single dipping, wherefore it was decided to add sulphur to it.

Six ticky yearlings were dipped in this preparation, and in the course

of two days all the ticks, both large and small, had died with the
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exception of half a dozen of the medium-sized ones, which did not die

until the fourth or fifth day after the dipping. B}' that tinu? all of the

oil had practically disappeared from the skin and the protracted

effect upon the remaininj^ six medium-sized ticks was ascribed to the

sulphur left after tlie evaporation of the oil. Not one of these ani-

mals appeared to suffer any inconvenience from the dipping, and
after one week none of them showed unusual symptoms of any kind

except the loosening up of the old epithelium on the sides of the neck

and the shoulders, and on the inside of the hind legs. The skin

remained soft and flexible, however, and no blistei-s or cracks were

formed.

In view of these highly gratifying results the Bureau of Animal In-

dustry issued instructions to rei)eat the experiment with a larger num-
ber of animals. Thirteen ticky yearlings Avere immediately dii)ped,

and the result was equally gratifying, with the exception that one

weak Jersey cross died in a manner similar to the one referred to

previously. The middle of July arriving, the sanitary boards of the

various States which were to cooperate with the Bureau in the tests

of exposing dipped cattle with susceptible cattle in pastures north of

the quarantine line became impatient, as pastures had been reserved

since earl}'^ in the season to receive the dipped cattle. In fact, all of

the States excei^t Illinois withdrew. Therefore no time was to be lost

if a final conclusion was to be reached during tlu; summer, and it was
decided to use the extra dynamo oil with sulphur for the experiments.

A tank car of this oil was immediately procured, the company selling

the oil agreeing to heat it and dissolve the sulphur in it before ship-

ping.
FIRST ILLINOIS EXPERIMENT.

On July 17 three members of the Illinois Live Stock Sanitary Board,

including the secretary and State veterinarian, arrived at Fort Worth,

accompanied by Dr. B. B. Page, of Rockford, 111., who had arranged

to buy a train load of cattle to be used in the exi)eriment. He pur-

chased at Jacksboro, Tex., a j)oint about Go miles northwest of Fort

Worth, and more than 100 miles south of the quarantine line, 311

head of two and three year old steers, and had them shipped to Fort

Woi-th. The.se 311 head of cattle were dipped in the large vat in the

stock yards at Fort Worth on July 22, The weather, which had been

remarkably cool up to this time, suddenly changed to intense heat,

and, it being desirable not to expose the cattle to the sun immediately

after the dipping, they were not passed through the vat until after

sunset. By 11 o'clock at night all had gone through without a sin-

gle accident, and the 311 head of cattle were at once loaded on 11

clean, disinfected cars, well bedded with hay. Hay was preferred to

sand as a bedding, as the latter absorbed the oil too quickly when it

came in contact with the skin when the cattle were lying down; but

in the later exj)eriments sand was used in the bottom of the cars
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\villi a thick layer of liay on top, as with hay alone the floor became
too slippery foi the cattle to ride well. The train was placed in

charge of Dr. Kice P. Steddom, an inspector in the Burean of Animal

Industry, and at 4.15 a. m. Tuly 23 the train left Fort Worth for

Roekford, 111., arrivint; at the latter place on July 26 at 9 p. m. Dr.

Steddom's report on the condition of tlie animals and their surround-

ings while en route is given, as follows:

Leaving Fort Worth at 4.50 a. m., July 23, the trahi arrived at Denison, Tex., at

8.30 a. in., at which time a small number of the dipped cattle began to show a

slight irritation of the eyelids; in cars loosely loaded some were lying down
ruminating. Many of the matured ticks had dropped off. As the day advanced

the heat became intense, with no perceptible movement of the air, and the effect

on the oil-covered cattle was very depressing, especially when the train stopped

at stations.

Toward noon the inflamed condition of the eyelids became more general, and a

2-year-old steer fell down and was unable to remain standing when helped up.

By 4 o'clock 4 more animals were down, and by 6 o'clock 3 cattle were dead

and G were unable to stand. The car floors had become slippery from the oil, and

the cattle stood with difficulty during the irregular jerking of the train. All

ticks had turned dark, and none were alive so far as could be ascertained.

During the early part of the night the cattle cooled gradually and were fairly

comfortable, although a number of them, exhausted from the heat of the day,

could not be induced to remain standing, and were consequently severely bruised

by being trampled upon.

At 3 a.m. the following morning (July 24) the cattle were unloaded at Par-

sons, Kans., for rest, feed, and water; 5 were dead and there were G "downers."

Owing to the lack of shade at the Parsons stockyards, the cattle were loaded again

at 10 a. m. the same morning after each car had been rebedded with 200 pounds

of straw. The cattle were tired and sore, and ail ticks were dark, hard, and

shriveled. The tenipsrature was a little more moderato than the day before and

many cattle remained lying down during the entire day. The irritation of the

eyes did not increase, but some of the more thin-skinned animals showed wrink-

ling and reddening of the skin on the neck and the inside of the thighs. At

6 p. m. the cattle were unloaded at Sedalia, Mo., when there were 3 more dead

and 1 "downer."'

At 7. a. m. the following morning the cattle were reloaded, and, the weather

being cool, they rode fairly well to Qalesburg, III., where they were unloaded at

10 p. m.
On the morning of the 2r)th the weather was decidedly cool, and the cattle were

loaded at Galesburg at 11.30 a. m. in the best condition since they left Fort Worth;

3 " downers" were left at Galesburg. The trip from Galesburg to Uockford, 111.,

was without nnusnal occurrence. The train arrived at its destination at 9 p. m.,

and tho cattle finished unloading at the Northwestern stock yards at 12.30 a. m.,

July 27, there being 4 "downers "' on the last run.

SUMM-VRY OF THE REPORT.

Of the 311 cattle loaded at Forth Worth, Tex., 29.") arrived at Roekford. 111., 4

of which were unable to stand and all rather tired and .sore. Eight cattle died en

route and 8 "downers " were left behind. Tho casualties were principally caused

by the extreme heat during the first day's travel and the confinement and discom-

fort incident to shipment.

Dr. Steddom's notes, added to the facts given above, show that the

first i)ractical lest with dii)pin,ir and .shii)i)ing Southern cattle was
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made under very uii fa voi-uble circumstances. First, tlie heat became

intense, registeriiiti; nioie than lO'T' F. in tlie sliade at several places

tlirough which the train passed during the first day on its way nortli;

second, a number of the cars were overloaded, not leaving sufficient

room for the animals to lie down and rest; third, the distance shipped

was exccedingl}' long, consuming more than ninety-six hours. That

loss during transit was not entirely due to the efTect of the dij)ping is

shown by the fact that a train load of undipped cattle, which were

shipped at the same time over the same road, but for a shorter dis-

tance, suffered a proportionately greater loss from the heat alone.

CONDITION OF CATTLE AFTER ARRIVAL AT ROCKFORD.

Two hundred and eighty-seven head were placed in five different

I^astures in the vicinity of Rockford, 111., where the animals .soon

began to fill out on the rich blue grass, and when seen again, in the

middle of August, most of them had recovered and looked even bet-

ter than before they were dipped.

A careful examination, made in company with the State veterina-

rian and the live-stock commissioners of Illinois, showed that not a

single tick had survived, and only a small number of .shriveled ticks

were found, all of which were loosely attached to the skin and di-opped

off when merely touched. Some of the cattle were covered on neck

and shoulders with peeled-off epithelium, but most of tliem showed

absolutely no indications of having been dipped. The swelling of the

eyelids liad entirely disappeared, and the skin was soft and flexible

in {ill cases, though the dry flakes and scales gave it a bad appearance.

A number of native cattle had been placed with each lot of dipped

cattle (altogether about thirty-eight liead) and, as the pastures were

not very large, there was every probability that if any of the ticks

should mature and produce young ones the}' would have a chance at

all times to get on the native cattle. In order to demonstrate that

the dipped cattle actually harbored the Texas fever microparasite in

their systems, a number of ticks were obtained from the inistui-os in

Jack County, Tex., where the cattle shipped to Rockford had been

raised. These ticks were forwarded to Rockford, wliere their eggs

Avere ])ermitted to hatcli. The young ticks were i)laced on two native

cows in the stock yards at Rockford, and in the course of twelve to

fifteen days both cows developed Texas fever and died.

Two months later, on September 2-t, Dr. Steddom again visited Kock-

ford, and under date of Septemper oO lie reported that his inspection

of the dipped cattle revealed the fact that all, both dipped and native,

were in good health. The Southern cattle appeared to be thriving,

as shown b}' glossy coat and nuii-ked general improvement over their

condition prior to dipping. There were no ticks on any of the cattle,

and parties in charge of the several herds reported that no living ticks

had been found, and that there was no ailment or disease among the

cattle.
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CONCLUSIONS FROM FIRST ILLINOIS EXPERIMENT.

The conclusions to be drawn from the Fort Worth experiment are

(1) tliat (lippins^: cattle in a saturated solution of sulphur in extra

dynamo oil will destro}^ all ticks on them in a single dipping, no matter

what stage of development the ticks may have reached; and, (2) that

Southern infested cattle may, after all ticks on them have been

destroyed, be brought into uninfected territory during the warmest

season of the year and placed in close contact witli susceptible cattle

without danger of transmitting 'J'exas fever to the latter.

^^'hile these results were highly gratifying, there were, neverthe-

less, several undesirable features which must necessarily be eliminated

before the dipping process can be considered an unqualified success.

The first and most important of these features is the extreme heat,

which evidently must be avoided at time of dipping, and, so far as

possible, while the cattle are in transit.

TEST OF SHORTER DISTANCE OF TRAVEL.

In order to test the effect of shipment to a shorter distance, the Fort

Worth Stock Yards Company arranged to dip two car loads of ticky

cattle and ship them from Fort Worth to Midland, Tex., a run of

about twenty-seven houj-s. Unfortunately, the cattle secured for this

experiment were a lot of ordinary range stock in very poor condition.

It was a foregone conclusion that losses would occur, as at least half a

dozen of the 110 head were cripples, and many others were so weak

that they could walk only with difficulty. It was concluded, however,

that if this class of cattle were able to stand dipping and shipping for

a short distance, all classes of cattle would be able to undergo the test.

On September 3 the 110 yearlings were driven through the vat with-

out any accidents, and were immediately loaded into two cars well

bedded with both sand and hay. Dr. Kiernan, an inspector of the

Bureau of Animal Industry, was placed in charge, and about 11 o'clock

in the forenoon the train started. The cattle had been dipped in the

morning, and it was noticed that before the train leftevery tick which

could be seen on the cattle after they were loaded in the cars had

sliriveled and turned black. The dipped yearlings arrived at Mid-

land the next afternoon between 2 and 3 o'clock, and all of them were

unloaded in fairly good condition. Dr. Kiernan's report of this trip

follows:

After the dipping the cattle were loaded into two clean, di.sinfected cars, veil

bedded with sand and straw. Tiie train left Fort Worth at 11 a. m. on Sep-

tember 13, and arrived at Midland at 2 p. m. on the following day. It was

noticed during the entire trip that the ticks were dying fa.st and falling off the

cattle. The animals shipped well, and when they were unloaded at Midland

showed no ill elTects from either the dipping or the trip. Th»' cattle were taken

to a i.asture about 'J miles from town, where they were watered, and all drank

freely. The t-mperature was then KM) F. in the simile, and there was no .'^belter of

any kind to protect the animals from the burning rays of thosvin. An examination
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of the cattle on the following morning (September 15j showed that noarly .jO per

cent of the animals were free from live ticks, but the catt'.e seemed to suffer con-

sideraljly from the intense heat. On September 17 two yearlings were found

dead in the pasture, the death of one being due to an accident. An examination

of the remaining 108 head showed 90 per cent of them to be free from live ticks,

while 17 head still had a few discolored and shriveled but live ticks on them. On
September 20 four more yearlings had died, and no live ticks could be found on

any of the remaining animals. A large number, however, were stiff and consid-

erably lame, and some of them seemed to be very weak in the loins. A number
of post-mortem examinations showed inflammation of both the large and small

intestines, and a general annemic condition, but in no case was there found evidence

that death was due to the effect of the dipping. In the course of the following

two weeks 14 more head died, but it was a noticeable fact that the skin of many
of these was not by far so severely affected as was the case with some of those

which survived, which fact makes it difficult to attribute the deaths directly to the

dipping.

The cattle, however, continued to die after tlieir arrival, and when
cold weather set in a large number of them succumbed. Accordins^ to

a recent statement by the owner, which was published in a local stock

paper, there were at the time he w^'ote onl}' 32 head alive, and some
of them were not exi^eeted to survive the winter. From later reports

sent in by inspectors of the Bureau and of local cattle inspectors, there

can be little doubt that the greater number of these animals died from

Texas fever. The appearance of tliis disease among native Texas
cattle will be discussed later.

The conclusions to be drawn, therefore, are that weak and emaciated

yearlings should not be dipped and shipped even for a short distance,

unless i^recautions are taken to i^rotect them against extreme climatic

conditions. The death rate in this ]Midland experiment by far exceeds

that of the Illinois experiment, although the distance the cattle were

shipped in the latter case was nearly five times greater than in the

Midland experiment. This proves conclusively that strong, vigoi-ous

cattle, such as those in the Illinois experiment, are better able to stand

the dipping and subsequent shipment than weak, emaciated cattle.

SECOND ILLINOIS EXPERIMENT.

Notwithstanding tliese rather unfortunat*^ results, the Illinois lioard

of Live Stock Commissioners decided to attempt anotlier shipment of

dipped cattle from Texas, and Dr. Page, of Rockford, again volun-

teered to purchase the cattle for the experiment. The cattle which
had been dipped in July and shipped to Illinois had improved so

rapidly in the northern pastures that Dr. Page was of the opinion

that, with cooler weather in his favor, a second shipment might reim-

burse him for the loss which he sustained in the lirst shipment. C\)n-

sequently he purchased at Jacksboro, Tex., 184 head of strong, well-

bred yearlings and 2-year olds, all more or less infested with ticks,

which Avere taken to Fort Wortli. On September 24 tliej' were dipped

and immediately loaded in cars, well bedded witli both sand and hay,

1 a98 30
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aiul sliiiipod to Rookford, 111. Upon arrival at Rockford licad

wore down and soon died; ol hens were not expected to live. In tlie

course of the following week some of these died, and, according to

a statement made by the State veterinarian of Illinois, who made
l)ost-mortem examinations of them, all showed .symptoms of acute
Texas fever.

On October 10 the writer visited Rockford, when 24 head, mostly
yearlings, had died. A number of the remaining cattle were found
to be considerably stiff, with the epithelium peeling off the neck and
shouldei-s, and two or three were so severely affected that they were
expected to die. Owing to his heavy loss. Dr. Page decided not to

destroy any of the animals for post-mortem examination, but promised
in case any more should die to forward si)ecimens of the organs to the

laboratory of the Bureau of Animal Industry in Washington for ex-

amination. This promise lie complied with a short time afterwards,

when two more yearlings had died, making a total loss of 26 head. A
microscopic examination of the organs proved the diagnosis of Texas
fever to be correct, as all of the tissues contained an abundance of

the microparasite of that disease.

As these cattle were all raised and bred in Texas, hundreds of miles

below the quarantine line, and all were infested with Texas-fever licks

at the time of the dipping, there can be little doubt that they were
what is ordinai'ily considered cattle immune to Texas fever. Expe-
rience teaches, however, that such immune cattle may develop the

disease within their sj'^stems when their vitality has been reduced by
unusual exposure and hardships; and Avhen to this is added the me-

chanical and chemical irritation of the skin which follows dipping,

it is not surprising that a number of the dipped animals developed
Texas fever.

TEXAS FEVER EASILY DEVELOPED IN TICKY CATTLE.

As an instance of this disease developing among Southern lick-

infested cattle, may be mentioned a shipment of several thousand
liead of Texas cattle to Colorado in the winter of 1897-98. The cat-

tle, .all of which came from below the quarantine line, arrived near

Denver in the beginning of January, 1898, and were immediately

expo.sed to a severe blizzard, which was followed by intensely cold

weather. As a result of this, 40 per cent of them (more than 1,000

head) developed typical Texas fever and died. A microscopical exam-
ination proved the microparasite of Texas fever to be present iji nearly

50 per cent of the red blood corpuscles. In this case the cattle liad

not been dipi)ed, but .simply expo.sed to an extreme change of climate.

In the same manner Southern tick-infested cattle may develop

Texas fever in warm weather when their vitality is reduced by driv-

ing either too fast or too long. A bunoli of nearly 300 head of tick-

infested cattle from a r;incli in Hidalgo County, 'IVx., on tli(» border
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of Mexico, Avas driven to Nueces County, Tex., a distaiice of al)out

120 miles, durinj^ very liot weather. The pasture from wliich the.se

cattle were driven and the one to which they were taken belonged to

the same man, who every year took cattle from the one to the other

Avithout ill effect. In this case, however (the summer of 18UG), the

cattle developed Texas fever, probably due to the excessive heat dur-

ing the drive. More than GO per cent became affected, and nearly 70

head died. These cattle had not been dipped either, and were gen-

erally considered immune to Texas fever, as the records of the ranch

where they were raised show that cattle have been .shipped from there

to all parts of Texas below the quarantine line without any ill etTect

resulting.

These circumstances tend to prove that the great loss of cattle in

the three dipping exi^eriments above mentioned are more due to other

causes than to the direct eflfect of the dipping, although the slightly

irritating effect of the oil no doubt tends to increase the mortality.

It is a noticeable fact that in a bunch of dipped cattle which have
been exposed alike in every respect there may be a number which do

not show the slightest efTect of the dipping, except the loosening up
of the old epithelium. Though this may give a bad appearance to the

animal, it certainly is not injurious, except perhaps in cold weather,

as the skin remains soft and flexible. On the other hand, a number
of animals of the same breed, age, and condition may show a staring

coat, arched back, and the skin closely attached to the underlying

tissues. The inexperienced mind naturally forms the opinion that

the hides of the animals are scorched to a crisp by the oil and sulphur,

when the fact is that the animals are simply hidebound, a very com-

mon symptom of Texas fever,

DEGREES OF IMMUNITY.

These great variations in power of resistance to the effects of dip-

ping with cattle of exactly the same breed, age, and condition can not

well be ascribed to a constitution more or less strong, or to individual

jieculiarities, except when viewed from one standpoint, namely, the

degree of immunity to Texas fever which each individual has acquired.

The manner in which the Southern cattle become immune to Texas
fever, that is, by being exposed to the infection in i)astures infested

with ticks, warrants the inference that, according to the degree of infec-

tion, the cattle, even in the same pasture, are immunized to a greater

or less extent. At times the cattle in the infected territory may grow
to be several years old without ever being greatly infested-Avith ticks;

in fact, in one pasture there will often be numerous animals without

a single tick on them, while others will be covered. Experiments show
that a single exposure to ticks does not make an animal completely

immune to Texas fever, even if a severe attack of the disease is pro-

duced tlierel)y, and experience teaches that the infection proper, that
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is, the microparasite of Texas fever, is of liighly vai\ ing virulence

in different parts of the country. Take, for instance, the various

shipments of Louisiana and Mississippi cattle into Texas during the

spring and summer of 1897 and 1808, which caused outbreaks of Texas
fever among the supposedly immune tick-infested cattle in Texas.

An explanation of this fact is only possible from the point of view
that the microparasites harbored in the blood of the Mississippi and
Louisiana cattle were possessed of a higher degree of virulence than
the microparasites to which the Texas cattle had been exposed and to

which their systems had adapted themselves, and when transferred to

the latter by means of ticks the result was outbreaks of Texas fever

among the native cattle in the heart of Texas. Fortius reason Texas
quarantined against cattle from Mississippi and Louisiana,

We are consequentl}'^ justified in believing that not all cattle in the

same region are equally immune or resistant to the effect of the Texas
fever microj)arasite; and as the dipping of nearly 20,000 cattle dur-

ing the past fall and winter has demonstrated that a number of these

supposedly immune cattle succumb to Texas fever, it is obvious that

those which died were the least resistant to the disease. This theory

explains how a large number of the dipped cattle remained perfectly

health}' while many animals in the same bunch became stiff and hide-

bound after receiving exactly the same treatment. Those which had
acquired perfect immunity, and whose systems were in condition to

suppress the ever-alert microparasite in their blood, remained well,

while apparentlj^ equally healthy and thrifty cattle which, either for

want of sufficient exposure or from a constitutional deficiency in anti-

toxin-producing properties, were unable to restrain tlie development

of the germ, became affected with Texas fever.

Similar conclusions liave been reached in other countries. Dr.

J. Sidney Hunt, pathologist to the Department of Agriculture in

Queensland, Australia, in discussing the preventive inoculation for

tick fever (Texas fever), writes as follows:

This increased resistance is often, for convenience, spoken of as immunity. It

should be at once indicated, however, that by "immnnity,'' in this connection,

is meant only such a degree of increased resistance as to amount to practical

iinmuiiity under ordinary conditions. It is perhaps open to question if abs<ilute

immunity i.s ever acquired by cattle against tick fever, for it is a common obser-

vation in Queensland that herds tlirough which the disease has passed may,
though still tick infested, be perfectly healthy on their own runs. Yet, when
such cattle are subjected to the hardships of droving, especially in bail seasons, a

certain percentage will sometimes succumb to the disease. Unfortunately, we do

not in fact know whether such mortality occurs in conseiiuoiice of fresh tick

infection jiickod up on the stock routes, and afFocts only such animals as have for

some reason jireviously escaped the di.sease, or whether it is in reality due to a

second attack of fever brought out by fresh tick infection in animals that have,

indeed, already had the disease, but liave not thereby accjuired the necessary

degree of resistance to withstand a fresh infection under the trying conditions

frequently encountered on the stock rout(?3. Or, again, for all wo know to the
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contrary, the mortality may be due, not to any fresh tick iufection at all, but to

the direct effect of such adverse influences as exertion, privation, and exposure in

rekindlinfj, as it were, the fires of the fever which have bf-en lying dormant in

their blood, or, as drovers say, "in bringing out the disease.'' And if it can lie

definitely shown tliat droving h\ connection witli, or apart from, fresh tick infest-

ment brings out the disease in animals that are immune on their own runs, then

we shall have to recognize two grades or degrees of immunity—station immunity
and road immunity.

That the clipping and shipping experiments of this suniiner have

definitely proven that Dr. Hunt's supposition is correct can not be

doubted, as all possibility' of a fresh tick infection of the dipped

animals which were shipped to Illinois is excluded.

ANIMALS TO BE DIPPED SHOULD BE IN GOOD CONDITION.

Experiments with thousands of cattle during the last five years

have shown that animals maybe dipped in highly irritating solutions

which all but remove the hair and epithelium without fatally injuring

the animals if they are properlj' cared for afterwards; and recent

exi)eriments have shown that hundreds of cattle may be dijiped in oil

and sulphur -without a single loss when care is taken not to reduce

their vitalitj'^ by excessively long shipment or driving immediately

after the dipping.

At Mammoth Spring, Ark., near the southern border t)f ^lissuuri, a

dipping vat was built during the latter part of September, and sub-

sequently more than GOO head of cattle were dipped without a single

loss. Only in the case of one lot of 24 calves which were greatly ema-

ciated and badly infested with ticks, and where the owiier insisted on
having the animals dipped, although he was told that the}' were not

in a condition to stand it, did some lo.ss occur.

REMOVAL OF RESTRICTIONS FOR DIPPED CATTLE.

In order to make it possible to transport dipped cattle across the

quarantine line, an order was issued by the Bureau of Animal Indusi iv

under date of October 12, 1898, as follows:

It is hereby ordered that cattle originating in the district described in the order

of December 15, 1897, and amendments thereto, which district is known as the

quarantine district, may, after having been properly dipped, under the supervision

of an inspector of this Department, in a solution of 8(3 pounds of flowers of sul-

phur to each 1,000 gallons of extra dynamo oil, be shipped without further restric-

tion: Provided, That application be first made to this Department and permission

granted to establish the dipping stations, and that after being dipped the cattle are

certified bj' an inspector of the United States Bureau of Animal Industry, anil

that the cattle, when dipped within the quarantined district, be shipjjed in clean

cars, without unloading within that district.

During the following weeks a large number of ai)pli(ali(»ns wor**

received for the establishment of official dipping vats in Ihr vaiioiis

States and Territories interested in this matter.

About the middle of October the Interstate A.ssociatiou of Live
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Slock Sanitary Boards held a meeting at Omaha, Nebr., at wliioh

fonrteen States and Territories Mere represented. At tliis meeting
the writer of tliis paper gave a detailed account of the various experi-

ments with the dipping of cattle which had been under his direct

supervision. The dipping question was discussed in full and the

objectionable features of it were explained at length. Owing, how-
ever, to the very favorable reports received from the dijiping station

at ;^[ammoth Spring, Ark., where by that time nearly 1,000 head of

cattle liad been dip^ied without any casualties resulting, the meeting
passed a resolution as follows:

Whereas the experiments recently conducted have demonstrated that Southern
cattle dipped in dynamo oil saturated with sulphur will effectually destroy the

Southern cattle tick, and that such cattle maybe mixed with Northern native cat-

tle without danger of communication of Texas, or Southern, fever; therefore,

Bcsolvecj, That the quarantine regulations may be amended with safety so as to

admit dipped Southern cattle, on the certificate of a designated inspector of the

State or of the United States Department of Agriculture, to the Xorthern States

during any portion of the year.

OPERATIONS PT)R THE SEASON OF 1898.

Several dipping jplants were built and put in operation without

awaiting the sanction of the Government; but a number of casualties

which occurred among several lots of dipped cattle, greatly exagger-

ated by press reports, very soon cooled the ardor of those who wished

to establish dipping plants for speculative purposes. Since the mid-

dle of December very few cattle have been dipped.

In Oklahoma and Indian Territorj'^ several dipping vats were built,

and during October, November, and December, 1898, about 10,000 head
of cattle were dipped in oil and sulphur, the estimated loss being a

little more than 1 per cent, confined entirely to cattle in a poor condi-

tion. At the dipping station of the Fort AVorth Stock Yards Company
there were dipped between October 29 and November 26 nearly 3,000

head of cattle, and only in instances where the dipped cattle were

exposed to severe cold and blizzards immediately uijon their arrival

at their destination did the owners suffer losses of any consequence.

In all there have been dipped more than 20,000 head of cattle, and
so far as the Bureau of Animal Industry has been informed the total

losses are less than 250 head, or about 1^^ per cent. These losses were
in every instance duo to the jioor condition of the cattle, unusual

exi)osure to extreme climatic conditions, or unnecessaril}' long <lrives

or shipments. The only place where the dipping of cattle has been
carried on regularly as an enforced measure against the introduction

of tick)' cattle is in Oklahoma Territorj'. Mr. R. J. Edwards, .secre-

tary of the Live Stock Sanitary IJoard for Oklahoma, in the First

Biennial llepcjrt of the Oklahoma Live Stock Connuission, says:

Appro-ximatcly, about S.OOO head were dipped under supervision and in compli-

ance with the regulations of this commij3.sion within the last four months. The
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results were entirely satisfactory, from an experimental as well as practical and
commercial standpoint. In some few cases where cattle were young and weak
the dipping was attended with disaster, but where cattle were in good condition

the results have been most satisfactory. Considerable complaint came from the

owners of herds that were dipped, who, wherever any loss occurred subsequent to

dipping, attributed the cause of death invariably to the dipping, with no allow-

ance whatever for the injury the cattle might have sustained while in transit on
railway cars or from the effects of sudden climatic changes. Investigation of all

these complaints by our Territorial veterinarian as well as the agents and veteri-

narians of the Bureau of Animal Industry proved beyond question that in most
cases the death of the stock could be attributed more to other causes than to the

dipping. The heaviest losses occurred in herds of cattle that were in very poor

condition, that had suffered greatly in shipment before being dipped, and that

had come from a climate which was much warmer than Oklahoma. The loss

among the local herds of cattle in good condition at the time of dipping was
proven by actual computation to bo less than one-half of 1 per cent.

CONDITIONS FOR SUCCESS OF THE DIPPING PROCESS.

It is liavdly to be expected that a remedy may be found which in a

single dii^i^ing Avill destro}^ all the ticks on an animal without having

any injurious effect whatever. The tenacity of life of the ticks and
their power to resist the effect of chemical preparations which may be
applied to cattle in the form of a dip liave been too well demonstrated

to give much encouragement along this line. The ultimate success of

the dipping process is jDrobably to be looked for in the exclusion of

weak and emaciated cattle from the dipping vats and in protecting

the animals against extreme climatic conditions and all circumstances

which may tend to reduce their vitality during the first week after

dipping. In the meantime experiments will be continued in order

to determine if the dipping fluid can be modified so as to reduce the

injury to the stock without vitiating its tick-destroying properties.

Until this is accomplished all dipping under official supervision has

been suspended.

SUMMARY OP THE PAST YEAR'S EXPERIENCE IN DIPPING CATTLE.

(1) Tick-infested Southern cattle, if they have been entirely freed

from ticks, may be shipped into the uninfected district and pastured
for an indefinite length of time with suscei)tible Northern cattle with-

out coinmunicating Texas fever to them.

(2) Dipi^ing tick-infested cattle into a saturated solution of sul-

l)hur in extra dynamo oil will destroy all the ticks on the animals in

a single dipi^ing, no matter what state of development the ticks may
have reached.

(3) The loss of cattle resulting from dipping is insignificant when
proj)er precautions are taken not to reduce the vitality of the animals
through exposure, extreme heat, or otherwise.

1 (4) ^^"eak or emaciated cattle arc unfit for either dipping or slip-

ping, and )'oung animals suffer moi-c lliaii ohlcr ouqs.
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(5) Pregnant cows should never bo dipped, as tlie slioek itself is

sufficient to produce abortion.

(G) The dipping of cattle in oil and sulphur has a tendencj' to pro-

duce a recrudescence of Texas fever in animals which are onlj-^ par-

tially immune to the disease.

(7) The effects of dipping and hardships incident thereto are more
or less severe on Southern cattle in direct proportion to their suscepti-

bility to Texas fever.

(8) Dipping in oil and sulphur has but a slight irritating effect on

the skin of Southern animals which are perfectly immune to Texas

fever, and only causes desquamation of the dead epithelium, which
during cold weather may make the animals more susceptible to the

surrounding temperature.



GRASS SEED AND ITS IMPIRITIES.

By the late Gilbert H. Hicks,

Fanner Firnt Assistant Botanist.

DIFFICULTIES IN SECURING GOOD GRASS SEED.

Wide differences in soil, season, and climate in the United States

make the i^roblem of securing- suitable f^rass seed for sowing a difficult

one. In the case of no other kind of seed does the buyer rely more
implicitlj'^ npon the statement of the dealer. The uncertainty of

obtaining a first-class quality of grass seed is increased by the fact

that there are comparatively few American seedsmen who consider

their trade in such seed imi)ortant enough to warrant the employ-

ment of an expert. The majority of seedsmen deal principally in the

seeds of vegetables, and handle grass seed only to accommodate their

customers. Such dealers are not able to give a critical opinion of

their stock and must themselves largely depend upon the rei^resen-

tations of those from whom it is purchased.

Vegetable seeds are grown with special care, weeds and inferior

plants being pulled out by hand to prevent deterioration of the stock.

Such growing is personally superintended by the seedsman, or one of

his agents, who keeps a complete record of the product of each field,

so that its pedigree can be traced at any time. A careful dealer pos-

sesses similar data to a great extent with respect to imported vegetable

seed.

Grass seed, on the other hand, is often harvested from meadows in

which different species are growing. Frequently these are "natural ''

or self-sown fields, and seldom are they free from weeds; seldom also

is a field occupied by a single species of grass. Furthermore, most
grasses mature their seed very unevenly, often beginning at the top

of the seed stalk. This seed begins to rattle out as soon as ripe;

hence, to secure as much of the crop as possible it is cut before all of

the seeds are mature. Some of the immature seeds ripen after the

crop is cut, but a large proportion are of no account and are blown
out if the seed is properly cleaned. At the same time the empty
glumes, or "chaff," are also removed. Usually, however, hea^•y

blowing entails a considerable waste of good seed, necessitating a
higher chai-ge for the remainder.

Many persons prefer to buy their grass seed "in the chaff" on
account of the supposed saving in price, thinking that by sowing a

473
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slightly increasod aiiioiint n deficiency in quality will bo made up.

This is a doubtful economy, since in most cases such grades contain a

much smaller proportion of good seed than the buyer imagines. Not

only this, but the large amount of immature grains, if they germinate

at all, are scarcely able to iiush up through the ground, and under the

most favorable circumstances usually produce very inferior jjlants.

It always paj's in the long run to purchase the very best seed, jiro-

vided the prices asked are not really exoi'bitant. This rule is espe-

cially applicable in the case of grass seeds. But seedsmen often

complain that there is little demand for certain varieties of grass seed

from which, at great expense, the chaff and inipurities have been

removed, so that it does not pay them to keep such seed in stock even

if it is possible to obtain it at all.

With the exception of a few of the more common species, such as

timothy, June grass, and orchard grass, farmers, and many seedsmen,

too, for that matter, are not sufficiently familiar with the appearance

of the grass seeds of trade to tell whether a given sample is true to

name or not. Besides this, there is so much uncertainty, even under

favorable conditions, of a good stand of gi-ass when sown in the field

or lawn that few people reallj^ know whether or not their grass seed

is what it is reiiresented to be.

The object of this paper, which deals only with the principal grass

seeds sold in this country, will be to i>oint out the distinguishing

marks, where such exist, between the different species, in such a way
that anyone can decide as to their identity; also to give warning

against the more common impurities, and to state briefly the essen-

tial qualities of good seed, in the hope that this information may be

of some value to seedsmen as well as to those who wish to secure good

meadows and lawns.

POINTS OF DISTINCTION IN SPECIES.

Grass seed as understood in commerce includes the seed proper and

the envelopes which adhere to it in the marketed state. The differ-

ences by which the seeds are distinguished belong, accordinglj% to

several parts.
CHAFF.

Beginning at the outside, there are several thin, scale-like organs

of papery texture, which in technical language are called glumes,

and in common parlance are known as "chaff" (fig. 123). These

are no part of the seed, but form a closely fitting and generally per-

sistent envelope for it.

The scale on the inside of the fruit is niucli thinner than the others

and is called the "palet" or "palea." Before tlio fruits become sepa-

rated from the i)lant the palca li<'s next to the stem. Tt fits closely to

the grain like a sheath, and by German botanists is sonu'times calh:>d

"sheath-glume." The glumes are attacluMl i«» tlie bottom of the fruit
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and aro more or less froo above. In such grass sgcmIs as tiniolliy and

redtop and in wlieat ilio chaff is easily removed by thrashinj?, but in

the majority of the species most or all of the glumes remain attached

to the seed in the (rommercial saini)le, as, for example, in the bromes,

orchard grass, etc. These glumes serve to protect the tender, seed-

like fruit within from injury; hence, the glume-covered seeds retain

their vitality belter than the naked ones of the same species, although

they may germinate a liUle more shnvly. 'J'he glumes ai"e usually

marked by one or more ribs or nerves i-unning lengthwise, and the.so

are often useful characters to aid in distinguishing closely related

kinds of grass seed.

b' b

Fio. 123.—Fruit of upright chess (Bronms racpiiioxruf): o, a\ spikclct; b, b', single fruit, inner facn,

showing pedicel, palet, and concave face of gluiuo with awn; r, outer face of glume; (/, d',

caryopsis or grain; e, pedicel—the small figures all natural size.

AWNS.

Sometimes a stiff bristle-like appendage called the '"awn" projects

from one of the glumes (fig. 123, h, h', c), either at the apex, as in

quack grass, or from the back, as in the oat grasses, or from the bot-

tom, as in Deschampsia. 13y simply noting the i)la('e of attachment

of the awn one can distinguish ytdlow oat grass, for instance, from

wood hair grass, the former being a very expensive seed, wliile the

latter is correspondingly cheap and commonly used to a<lulterate the

seed of yellow oat grass.

STKM.

At the base of the seed on the front sitle tlirro is a little peilicel

or stem, by which the next seed or flower was originally attached
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(fig. 123, h, h', e). When the upper seed falls a clean-cut scar is left

on the top of this pedicel. Although both the pedicel and its scar

ai'e small and apparently insignificant, close attention paid to them
by buyers of grass seed would frequently enable them to distinguish

between closely similar kinds and prevent the great loss which results

from sowing inferior species.

GRAIN.

The kernel or grain which remains after the chaff is removed is the

real fruit. It is usually known as a "seed," but in reality it is an
intinuite union of the seed with the thin outer covering of the fruit,

and is technically called the " caryopsis" (fig. 123, d, d'). In nearly all

common literature, however, the term "seed" is applied to the fruits

of wheat, oats, and other grasses, inclusive of their outer coverings,

when these adhere to the grain in the market product, there being no
good word in the English language by which the caryopsis can be
separately designated. In this paper, therefore, whenever llie word
"seed" is used it refers to the entire grass fruit just as it is found in

ordinary trade.

Other points to be carefully noted in grass seeds are their shape,

color, size, and surface (whether smooth or rough). Awnless brome,

for example, is very flat and quite broad, while seeds of the other

bromes are 'usually more or less compressed or "keeled." (See fig. 123,

o, a). Since various cheap or worthless species of brome grass are

often found in trade, this character becomes a matter of great

importance.

W^EIGHT AS RELATED TO QUALITY.

The Aveight of a i)int or bushel of a given species of grass seed is,

within certain limits, an excellent index of its quality. Seedsmen
depend largely upon this criterion, and use an apparatus known as a
" cliondrometer" for weighing sami^les wliich they intend to purcliase.

This appai-atus is made of brass, and consists of an u[)right standard,

upon which is susi^ended a horizontal arm, as sliown in fig. 124. One
side of the right end of the arm is graduated in English measure to

show the nuMibor of pounds to the bushel, the otlier side indicates the

nunilxM- of kilos i)er hectoliter.

The bucket, holding a pint, is filled with seed without being shaken
down. The top is leveled off with a wooden block and the crosspiece

of the arm slid along until it balances the seed, when by referring to

the scale the weight per bushel or kilo is tiscertained. The chondrom-
eter is manufactured in England and costs about 120. Witli proper

care it will last a lifetime. Exjx'riment stations, seedsmen, and
farmers purchasing seeds in largo amounts would find a chondrometer
very useful. Weighing a sample ]>int of grass seed on any good
scales will answer all practical pnrposes, however, and the knowledge
obtainable thereby will be well worth all the trouble taken.
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Tlie weiglit of (lifforciit kinds of ^rass seed varies widely, and tiiis

holds good even of the same species, within certain limits. \'a!-ious

factors affect tlie weight of seeds. Large seeds, as a rnle, are li('avi<'r

than an equal number of small ones of the same species, l>ut the

reverse is often the case if equal volumes are weighed, a pint of small

seeds then outweighing the larger ones. This, however, depends
principally upon the shape of the seeds.

The season and soil have a marked effect upon tlie weight of grass

seed. In some seasons, for example, 14 pounds to the bu.shel would
be considered a good weight for orchard grass, while 18 pounds may
be expected in more favorable years. WoUny has shown tliat in

seeds of uniform size the volume weight increases with a decrease in

Fig. 124.—Chondrometor for weighing seed.

the water content. This varies greatly according to the manner of

harvesting and storing, the w^eather, etc. Ordinary air-dr}^ seeds are

said to contain 8 to 12 per cent of water, but this amount is greatly

increased if the seeds are stored in a damp place. According to tlie

above, freshly gathered or immature seed would weigh less, volume
for volume, than seed wliich had been thorouglily dried.

But the i)rincipal cause of light grass seed is the presence of a large

amount of chaff". In cleaning grass seed the chaff sliould be blcwn

out as much as i)ossible, but tliis process necessarily wastes some good

seed; hence, one who is cleaning the seed is apt to err on the side of

safety, thereby retaining an undue amount of the chaff. There is no

excuse, however, for chaffy seed except in those species, like redtop

and the bent grasses, in wdiich the glumes separate easily from the
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seed after it has been cleaned. Ordinary redtop weiglis from 12 to 14

pounds to the bushel, while " fancy," that is, chaff-cleaned seed of

the same species, weighs 32 or even 40 pounds.

Seeds of the Poas, Kentucky Idue grass, Canadian blue grass, etc.,

are characterized by woolly tufts of hair at tlie base (PI. XXXIII, fig.

1), causing the seeds to cohere in irregular masses. These tufts are

alwaj's rubbed off if the seed is properly cleaned. The seed in bulk is

still very liglit. Unrubbed June-grass seed is often sold, the cheaper

price being an inducement to the buj^er. In reality, however, such

seed is much dearer tlian that which is properly cleaned. Further-

more, the unrubbed seed, when sown, does not run so well out of the

drill, and a poor stand results. The common trade standard of weight

for Kentucky and Canadian blue-grass seed is 14 pounds to the bushel,

but a good sami^le will sometimes weigh even as Jiigh as 24 pounds.

By referring to the following table a purchaser can readily see whether

his grass seed is of proper weight. lie should bear in mind, however,

that in unfavorable seasons such liigh-grade seed may not be on the

market.
Standards of ireight.

Name of grass.

Awnless brome
Bent, creeping

Bont, Rhode Islanrl

Cermiida grass

Bine grass, Canadian

Blue glass, Kentucky

Crested dog's-tail ..

Fescues (except meadow)
Fescue, meadow
Meadow foxtail

Meadow grass, rough-stalked.

Meadow grass, wood
Orchard grass

Rodtop, chaffy

Rodtop, fancy

Rye grass, English

Bye grass, Italian

Tall meadow oat grass

Timothy

Pounds per
bushel.

Good
seed.

Extra
fine
seed.

U
20

U
Xj

24

34

;i8

1.-)

2t

8

14

11

18

14

40

28

34

13

48

Ounces per
pint.

Good
seed.

3.^

5

31

8J

3*

31

5

3

51

n
3

3

3J

3

8

6

4i

2i

lU

Extra
fine
seed.

31

6

6

7

3J

6

2

3i

3i

4t

3J

10

7

G

3i

13

VITA1>TTV OK CK.VSS SKEI>.

No cla.ss of .seeds on tlie market is likely to be of h)wer vitality tlian

grass se«Hl, especially the so-called "fancj'" grasses, a term applied to

those varieties which are not in common use. Tliis lack of vitality

may b(» due to atiy one or mor-e of scveial causes, among which the
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nature of the growiiijjj season and tlie method of harvestinj^ ai-o promi-

nent. If a period of prolonged wet weatlier ensues wlien the grasses

are in bloom, some of the ovules—the organs wliich develop into the

seeds—will be imperfectly fertiliz(Ml or not at all. As already explained,

it is neeessar}^ to harvest the seed of many species of grass before it

is all ripened, insuring a considerable proportion of imperfect and

immature grains. ^Many of the rarer kinds of grass seed come from

German}', where they grow in woods and natural meadows. This seed

is gathered mainly by women and children, who collect small quan-

tities of each variety in sacks, the contents of which are afterwards

brought together. Such seed is often allowed to " sweat," and, being

finally stored in this half-diy condition, rapidly loses much of its

vitality.

Bermuda grass is j)ropagated largely by cuttings of its rootstocks.

The seed ripens only sparingly in this countrj'-, and the imported seed

often possesses a very low germinating power, due perhaps in part to

improper storing during its ocean voyage. As at present marketed,

Kentucky blue grass is considered of good quality if 50 per cent

sprouts. Samples from Iowa were sent to the Department a few years

ago which had been harvested and cured with considerable care. Of

this seed, 90 per cent germinated without difficulty, showing clearly

the possibility of securing a good vitality by proper management.

Most seeds are provided with a firm, closely fitting coat or skin,

which sheds waiter to a large extent and helps to retain the vitality of

the seed by protecting it against unfavorable external influences.

The outer skin of the grass kernel, on the other hand, is usually very

thin, and were it not for the chaff or glumes grass seed would lose its

vitality much more quickly than it does. To illustrate this i)oint, it

maj^ be stated that red-clover seed, if properly kept, will sprout very

well when two or even three years old, while the germination of tim-

othy seed can not be depended \\\)on if it is more than one year old.

Therefore timothy should be sown when jierfectly fresh if the best

results are desired.

jNlany kinds of grasses are naturally slow to sprout; hence, plenty of

time should bo allowed after sowing before they are condemned as non-

germinable. In view of this fact, the planter should assure himself

beyond a doubt of the vitality of every sample of grass seed he intends

to sow; otherwise the loss of the time consumed in awaiting germina-

tion, added to the cost of the seed itself, will prove a great drawback

to success.

There is iirobably no better Avay to judge a farmer than by his

meadows and pastures. A consideration of the immense amount of

capital invested in grass growing should servo to emphasize the

impoilanco to the farmer of knowing good grass sihmI from a poor

article.
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CLASSES OF IMPURITIES.

Tho iinpuritios of iji-ass seed ma}' bo divided into four classes, as

follows:

(1) Inert matter, which usually consists mainly of chaff.

{•2) Seeds of clover and useful grasses.

(3) Seeds of weeds.

(4) Seeds of inferior and harmful grasses.

The first class increases tho cost of the seed, l)ut is otherwise harm-

less; the second class is not objectionable if derived from useful

forage plants adapted to the same soil and climate as the grass

desired, except in case a pure meadow or lawn is wished or the grass

is to be grown for seed purposes; the third class is very harmful,

especially from the fact that weeds are much harder to eradicate from

grass fields than from any other crop; the fourth class is the most

dangerous, because hardest to detect and because the seed once sown

may crowd out the good species. Impurities of this latter class are

very common, and often, if not usualh', the result of deliberate fraud.

They are to be esi^ecially looked for in high-priced varieties or in

any kind of grass seed which has yielded a small crop owing to an

unfavorable season.

TYPICAL CASES OF POOR STOCK.

Every buyer of grass seed could give glai-ing examples of poor stock

on the market. A few only will be cited, and those mostly from the

experience of the writer. A sami^le of Canadian blue grass offered

to the Department of Agriculture last year contained 11 kinds of for-

eign seed, principally weeds. Of 17 samples of this species examined

for impurities, 15 contained seeds of Canada thistle or the spines,

indicating the probable presence of this i^est.

A sample of awnless brome was adulterated with meadow fescue, a

much cheaper species, and entirely unsuited to the regions where

the awnless brome is most desired. This sample also contained chess

at the rate of over 5,000 seeds to the pound. Its poor quality was

aggravated by the fact that onl}' 19 per cent of tho genuine seed

sprouted.

A sample of crested dog's-tail grass from Germany was lieavily

adulterated with English rye grass. The latter seed may bo bought

at about $8 per lUO pounds, while the same amount of crested dog's-

tail would cost from |i35 to ^(U).

Another sample bought for Italian rye giass contained 20 per cent

of other seeds, mainly perennial rye grass, one of the cheapest grass

seeds on the European market, and a common ;idiilterant of Italian

rye-grass seed.

Meadow foxtail from (iern)any, offere<l lo a (leaU'r a few monlhsago
foi- .'{() cents a jioiiiul, coiiliuncd only a liltlc moi<> llian one-(|Uarter
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gro.ttin >iiiijor)—lho small lij^nres natural size.
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(27.5 i)ei' cent) of the pure .seed, the balance beinj^ about evenly

divided between chaff and foreign seeds, principally P2nglisli j-ye

grass, worth about 10 cents per pound. Another saini>le of meadow
foxtail from Germany contained 60 per cent of impurity.

A sample of awnlessbrome {Bromus inermis) , offered to the Depart-

ment of Agriculture for distribution last year, but rejected, contained

13 different kinds of grass and weed seeds, among others chess at the

rate of 4,000 seeds to the pound. When tested for germination, this

sample showed a vitality of but IG i^er cent in i)lace of the 75 to 80

per cent required by the standard for good seed.

Redtop seed offered as "fancy" at 18 cents per j)ound contained

foreign seeds at the rate of over 283,000 to the pound! A sample

labeled " Rhode Island bent " contained but 2 per cent of that species,

70 per cent being chaff, and 21 i^er cent seeds of another species of

bent, while the balance (7 per cent) was dirt and weed seeds. Another

sample bought for Rhode Island bent contained none of tliis species

whatever, but consisted of 57 per cent of another species, 40 per cent

chaff and dirt, and 3 per cent weed seeds, including 12 kinds. Sim-

ilar examples could easily be multiplied if space permitted.

Some of the so-called "lawn mixtures " upon the market are the

veriest frauds, consisting of a lot of inferior grass seed mixed with

chaff and various impurities, practically the sweepings of the seed

merchant, but invariably sold at the price of high-grade grass seed.

A sample of lawn mixture i^urchased in a near-by market last j'ear

contained 45 per cent of impurity, principally chaff and dirt. Among
the weed seeds j^resent were sorrel, i:>igweed, three kinds of i)lantain,

pepper grass, and stink grass. In general it is much better for the

buyer to make bis own lawn mixture, after consulting a reliable per-

son as to the most suitable varieties for his case, and the proper

proportions in which they should be used.

If a pure lawn or meadow is desired, no sample of grass seed should

be sown which contains more than 1 per cent of other kinds of seed,

and in no case should a sample contain as high as 1 per cent of weed

seeds. Chaff, being merely inert matter, does no harm except to

increase the cost of the seed.

The fact is, and this should be emi)hasized, that in none of the above

cases, excepting perhaps that of the lawn grass, is it likely that the

American dealer was aware of the inferior quality of the seed he had

for sale. It had been offered to him hy European seedsmen, in some

instances at the highest market price, and seemed, on a superlicial

examination, to be good stock.

NECESSITY OF REGULATING IMPORTATION.

Considering the magnitude of the import trade in grass seed and

the necessity of sending abroad for many of the higher-priced varie-

ties, also in view of the multitude of dangerous weeds introduced in

1 a!)S 31
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foreign grass and clover seed, it would seem time that some method
of seaboard inspection be adopted to in-event the introduction of the

pests which frequently occur in foreign grass and clover seeds.

If American fruit be debarred from certain foreign markets until

after it has been examined for the San Jose scale, and for various

fungi, wli}- should not American agriculturists be protected against

the importation of dodder, ergot, Canada thistle, and many other

equally troublesome plants? Leading American seedsmen recognize

the necessity for some action of this kind, and have already urged the

Department of Agriculture to aid in their protection.

In the absence at present of anj- compulsory system of Government
inspection, the Secretary of Agriculture offers to test, free of charge,

samples of grass and clover seed for intending purchasers, whether
seedsmen or farmers, thereby warning them against undesirable

impurities. It is to be hoped, however, as already intimated, that by
the aid of the descriptions and illustrations which follow, the reader

may be able to identify the different kinds of grass seed and their

impurities for himself. The onlj^ apparatus needed in most cases

will be a pocket lens, while the larger seeds can readily be determined

by the unaided eye.

Descriptiox of Grass Seeds,

kentucky blue grass.

Unless timothy be excepted, Kentucky blue grass, or June gra.ss

{Poa x^'''(it^nsis), is by far the most important grass seed in the

American market. Fortunately for our farmers none of this seed is

imported; hence, the onl}'^ impurities to be expected are those whicli

would naturally bo found in the locality where it is grown. As the

name indicates, the principal supply comes from Kentucky, Fayette

and IJourbon counties being the centers of the seed-growing district.

Within the last few years, however, it has been found that certain

portions of Iowa, Illinois, and Missouri are also favorable to the pro-

duction of this seed. There is a largo export of Kentucky blue-

grass seed from the United States to various parts of the world.

When harvested the seeds mat together in irregular masses, owing

to the woolly tufts of hair at the base. (PI. XXXIII, fig. 1.) By the

process of rubbing, these hairs are removed, so that the seeds as

usually found in trade are smooth. A brand is frequently offered

known as "Extra cleaned," supposedly a superior article. On the

contrary, seed of this brand has not been rubbed, hence can not be

sown evenlj'. Furthermore, "Extra cleaned " June-grass seed usually

contains a large amount of broken stems, chaff, etc., and is the poorest

grade on the market.

Owing 1o its high price in Kiwopc, llio hcmmI .sold there is often adul-

terated with the seeds of cheaper grasses. Williin tlie past year or
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two attention lias been called to a very serious fraud of a similar

nature on this side of the water, which consists in the wholesulo mix-

ing of Canadian blue-grass {Poa compressa) with Kentucky blue-

grass seed. These two kinds of seed are of about tlie same size and
otherwise so much alike that it is very difficult even for an expert to

distinguish between them. However, when Canadian blue grass is

viewed from the side the back margin is seen to be straighter than in

Kentuck}'' blue grass; the nerves, also, of the latter are quite promi-

nent, but are nearly or quite imperceptible in the former. (PI. XXXTII,
fig. 1.)

Seedsmen depend mostly on the color iov identifying these species.

When in bulk the seeds of Canadian blue grass are considerably

lighter colored than those of Kentucky blue grass. The color, how-

ever, varies \vith age and is not a reliable means of distinguishing the

two kinds of seed.

Nearly ever}' sample of Canadian blue-grass seed thus far examined

by the writer has contained either seeds or spines of Canada thistle,

and, until closer studj' has been made, the presence of either of these

impurities in a sample of Kentucky blue grass will probably serve as

the most reliable indication of its adulteration with seeds of the Cana-

dian species. These spines, however, are very small and easily over-

looked. (PI. XXXTII, fig. 9.)

While Canadian blue grass is valuable on dry and rather poor

soils, especially in the New England and Middle States, it does not

flourish on rich bottom lands, where Kentucky blue grass is gen-

erally sown for x^Hsture. The genuine blue-grass seed costs, at whole-

sale, about twice as much as Canadian blue grass, which accounts for

the frequent use of the latter by unscrupulous dealers to adulterate

June-grass seed. It may be safely stated that not over 25,000 pounds

of Canadian blue-grass seed is annually used in the United States for

legitimate purjioses, and that most of the seed which is imported in

excess of this amount is used solely with fraudulent design. Cana-

dian blue-grass seed is grown only in Canada, and prominent Ameri-

can seedsmen are agitating the necessity of strictly regulating its

importation in such a way as to prevent fraud, which is now so

common.
June-grass seed is generally harvested by means of a "stripper,''

which scrapes off the seed and part of the flower stem, leaving the

remainder of the plant. Of the "fancy cleaned" seed, as it appears

on the market, from 5 to 8 bushels per acre is considered a fair yield

for Kentucky blue grass. After being stripped the seed is spread out

in piles to dry and ripen, since much of it is immature at the time of

harvest. In this ripening process the seed often becomes damp or

heated, which largely accounts for the low vitality so common in the

ordinary stock of trade. If June-gra.ss seed is of a good quality, at

least 50 per cent should germinate, but it is dillicult to ol)tain this
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vitality in the commercial seed. Ou the other hand, when extra care

is taken in the harvesting and curing, June-grass seed will germinate

as high as 00 per cent. If it were allowed to i'ii)en thoroughl.y in the

field a considerable amount would rattle out when harvested, entail-

ing a loss which would necessarily greatly increase the cost of the

seed. It is difficult i^roi^erly to clean June-grass seed, and costly

machinery is required for this purpose. In American-grown seed the

principiil impurities are seeds of sorrel, chickweed, plantain, and

various sedges and other i^lants growing in low ground. Sometimes

an ergot similar to that found in redtop (PI. XXXIII, fig. 3) occurs

in June grass. This is a very bad pest, and no seed should be sown

which contains it. Timothy, redtop, white clover, and meadow fescue

are often present, but these impurities are not objectionable unless

June grass is to be grown for seed purposes. European seed fre-

quentlj^ contains seeds of inferior wild grasses, such as the hair

grasses {Desclminpsia flexuosa and D. ccespitosa, PI. XXXIII, fig. 8,

and PI. XXXVI, fig. 3), silky bent grass {Apera spica-venti, PI.

XXXIII, fig. 7), stink grasses (Eragrostis, PI. XXXIII, fig. 11), etc.

June-grass seed should shoAV a purity of 90 to 95 per cent.

ROUGH-STALKED MEADOW GRASS.

The seed of rough-stalked meadow grass {Pua tririalis), which is

adapted only to damp soils, is more expensive than that of Kentucky

blue grass, and pure samples are much liarder to obtain. It comes

largely from Germany, near Hamburg, and the marshes of the Elbe.

Denmark furnishes the best seed, but the foreign seed is apt to be

heavily adulterated with Kentucky blue grass, which is not infre-

quently substituted cntirelj' for rough-stalked meadow grass.

The seed (PI. XXXIII, fig. 6) is very similar to that of Kentucky

blue grass, the principal difference being the greater prominence of

the lateral nerves in rough-stalked meadow grass. The seed also

averages somewhat smaller and is more pointed, and the pedicel is

usually longer and more slender. Rough-stalked meadow grass ripens

very unevenly, which renders tlie collection of the seed extremely

difficult, and seldom is the crop moie tlian one-half as large as that of

Kentucky l)lue grass. A purity of 90 per cent and vitality of 50 per

cent should be required by pnrchasers of this seed. In addition (o

the seeds of cheaper Poas, blue pearl grass {Molinia ccvrulea, PI.

XXXV, fig. 2) is sometimes mixed with rougli-stalked meadow grass.

WOOD MEADOW GRASS.

Tlie seed of wood meadow grass {Poa ncinoralis, PI. XXXIII, fig. 2)

is not sold in Ameiican markets, and, as in the case of rough-stalked

meadow grass, pure stock is diflicult to secure. It is quite easily dis-

tinguished from other commercial Poas by the hairy pedicel. The

short hairs on the back nuirgin of the outer glume at its base are also
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Timothy Seed and its Impurities.
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ium virginicum); 3, Potentillii viimniu-ticns,.., 4, Sorrel iHuiiiex aretuin'll<i): 5,

Oxeye Dai.sy (Chrysanthvmvm linirtnitheinitiin; 11. Hib-t'ra.ss IMnutaiii [I'liintago

lanceolatfi); '.Vervain (Verhi-ua Imstdtdi; H. Witch Orn.ss { Poiiicitm i-diiillni-fr.
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figures natural .size.
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useful ill identification. Seed of wood meadow grass is often adul-

terated with that of cheaper Poas. A sami)le labeled P. vemoralis,

sent to the Division of Botany for examination, contained none of

this species whatever. Nearly 60 per cent proved to be seeds of Ken-
tucky blue grass and 23 per cent of Canadian blue grass, while the

remainder, 13.0 i)cr cent, was made up of chaff, dirt, and various

kinds of weed seeds, including Canada thistle.

This seed comes from Germany principally and is quite expensive.

Wood hair grass {Deschampsia flexuosa, PL XXXIII, fig. 8) fre-

quently grows along with it, hence should be looked for as an impur-

ity, since it is almost impossible to separate the seeds of the two
species by mechanical means. The standard of germination for wood
meadow grass is 50 per cent, of purity 90 per cent.

The seed of Texas blue grass {Poa arachnifera) is sold to some
extent in the Southern States on account of the excellent drought-

resisting property of this i)lant. The seeds are easily recognized by
the long tuft of wool at the base (PI. XXXIII, fig. 4), which is much
more pronounced than in any other commercial Poa, and does not rub
off in cleaning. For this reason, however, it is very difiicult to sow
the seed properlj% as it sticks together in irregular masses. The
vitality of Texas blue-grass seed is very low; hence, the species is fre-

quently proj^agated b}' root cuttings instead of by the seed. The latter

sells for the enormous price of $3 per pound. So far as known, it is

grown for commercial purposes onlj^ in the vicinity of Fort Worth and
Durango, Tex.

TIMOTHY.

Timothy {Phleum pratense, PI. XXXIV, fig. 1) is one of the best-

known grass seeds in the market, and no dealer or farmer is likely

to have any difficulty in detecting imj)urities therein. The color is

silver}^-white to gray, with a certain luster in fresh seed which is

wanting in the old. Usually there is a considerable proportion of

naked fruit in every sample, amounting in some cases to 50 per cent

of the entire lot. These naked fruits are the best ripened and have

a very high vitality when fresh. On the other hand, their vitality

deteriorates more rapidlj' with age than that of the seeds which remain
inclosed within the glumes. Timothy seed more than one year old

usually possesses a very low vitality, while at least 00 per cent of the

fresh seed should germinate.

The purity of American timothy seed is usually very satisfactory,

08 per cent being the present standard. In dry seasons, however,
IL often contains a good many seeds of pepper grasses {Lepidium^

PI. XXXIV, fig. 2), which are difficult to clean out, as they are

very similar in size to timothy seeds. Cinquefoil seeds {Potentilla

monspdiensis, PI. XXXIV, fig. 3, and P. c<i)i(i<lcnsi.s) are sometimes
found in American timothy seed. Among other impurities present in
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honic-growii seed are sorrel (PI. XXXIV, fig. 4), oxoye daisy (PI.

XXXIV, fig. o), rib-grass plantain (PI. XXXIV, fig. G), vervain (PI.

XXXIV fig. 7), wileli grass, and crab grass (PI. XXXIV, figs. 8 and 9).

European timothy seed is usually more impure than American, and
sometimes contains ergot and dodder, two of the most dangerous pests

ever found in a meadow. Clover seed often occurs in timothy, but does

not ai^preciably lessen its value unless the timothy is to be grown for

seed puriDoses. Owing to the dilTerence in size, seeds of red clover

are easily cleaned from timothy; but this is a much more difficult

task in the case of white clover.

Timothy seed is exported in large quantities flom the United States.

In 1898 nearly 17,000,000 pounds were sent abroad. This was an
exceptionally good year, however, and the average amount exported

in the ten years ending June 30, 1897, was something over 9,000,000

pounds, wnth an average value of over 8400,000. Five to 6 bushels

per acre is considered a fair yield of this seed; 9 or 10 bushels is a

large yield, although as high as 15 bushels per acre has been gi'own.

Timothy hay is of little value after the seeds have been removed by
the i^resent method of harvesting. Recent experiments b}' Mr. Henry
Wallace, of Iowa, indicate that by making certain modifications in

the process of thrashing, timothy seed may be harvested with a strip-

per, such as is used for June grass, so as to save a good portion of the

stalks for hay and secure a good crop of seed at the same time. Tim-

othy seed is grown in nearly all of the Western and Middle States of

this country; eastern Germany and Austria also produce a consider-

able amount. Austrian timothy seed, however, frequently contains

dodder,
ORCHARD GRASS.

Seeds of orchard grass {Dactylis yJomerafa, PI. XXXV, fig. 1),

resemble those of the Poas to some extent, but have no woolly hairs at

the base; they are also much larger and taper to a .sharp point.

Fresh seed is of a light straw color. The lateral nerves show plainly,

the surface is rough, and the margins of the glumes are provided with

short bristle-like hairs. The pedicel expands quite abruptly at the

top into a flat, oval disk, which readily distinguishes this seed from

that of the rye grasses, with which it is often adulterated.

Frequently in commercial seed two or more fruits ai'e found adher-

ing to the stalk. This indicates immaturity, since well-ripened seeds

come off separately when thrashed. Usually the glumes remain

.attached to the seed, but in some American samples dcglumed seed

occurs.

Owing to the excellence of this grass the scfnl is in great demand,

and llie United States <>xports a large amount to (Jreat liritain and

Germany. K(-nlu('ky, Kansas, and Ohio ai-e the piiiicipal American

States lu'odticing this seed. It is also growji to a considiM-able extent

in New Zealand. The New Zealand seed is apt to contain velvet
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grass {Holcus lanatus, PI. XXXV, fig. 7), a worthless species, which
can not ho cleaned out by ordinary methods, although a machine has

been devised which is said to remove this seed perfectly. However,
while seed of New Zealand orchard grass is considerably larger and
finer looking than the American, the plants produced from it in this

country are said to be much inferior.

German seed often contains large amounts of English rye grass,

which is much cheaper, and in general not nearly so well adapted to

the soils and climate of this country as orchard grass. In some years,

owing to the scarcity and high price of orchard-grass seed, it is diffi-

cult to obtain a pure sample. In some cases the stock sold as orchard

grass contains scarcely a good seed of that species, but, with the

exception of some orchard-grass cleanings, is wholly composed of

English lye grass. By comparing the illustrations of rye-grass seed

(PI. XXXV, figs. 4 and 5) with those of orchard-grass seed the differ-

ences in form and surface will be easily seen.

There is no worse adulteration of grass seed on the market than the

one just cited, and it would be well for all intending purchasers of

orchard-grass seed to inspect their samples carefully before buying.

If there is any doubt as to its authenticity the botanist of the nearest

experiment station or the Department of Agriculture should be
consulted.

Foreign orchard grass is sometimes mixed with various fescues or

blue pearl grass (PI. XXXV, fig. 2), The latter is not only a worth-

less species, with a hard and woody stem, but is thought by some to be

poisonous (Settegast). Foreign seed is also sometimes adulterated

with crested dog's-tail {Cynosurus crisiatus), which is not likely,

however, to be found in imported seed, since it costs a great deal more
in this country than the seed of orchard grass. Crested dog's-tail

(PI. XXXV, fig. 6) is quite similar to orchard-grass seed in shape

and size, but being rougher and of a different color is easily dis-

tinguishable from the latter. Ergot is another serious impurity

found in orchard-grass seed. Samples containing this pest should not

be sown under any circumstances. Dock is a bad weed in fields of

orchard grass in some places and should be carefully removed before

the seed is harvested. Other impurities found in the seed sold in the

markets are Kentucky blue grass, meadow fescue, pepper grass, and
sorrel.

The seed of meadow fescue is somewhat similar in size and appear-

ance to that of orchard grass, and in some years is extensively used

in this country for adulterating the latter, since the seed of meadow
fescue is usually very much cheaper in America than orchard grass.

A careful study of the illustrations of the seeds of these two species

(PI. XXXV, figs. 1 and 9) will enable one to see the differences in shape
without difliculty, the seeds of meadow fescue being quite blunt

and fiat while those of orchard grass are pointed and sharp-angled,
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wheuce Iho former lie on the front or buck ^vhile the latter lie on one

side.

Orchard grass should be cut for seed when the glumes become
straw-colored, and unless they are overripe the grains will not fall

out very easily. Six to 9 bushels of seed per acre is considered a good

yield in this country, although as high as 20 bushels iier acre has been

grown.

The poor quality of much of the orchaixl-grass seed in our markets

is due largely to the fact that our best seed is exported on account of

its high price, leaving to American farmers the seal pings, sievings,

and blowings. A prominent seedsman states that no grass seed sold in

America is willfully adulterated to a greater extent than orchard-grass

seed. The English rye grass mentioned above as extensively used for

this purpose is of very light quality, and costs but 1 cent jier j)ound.

Ow^ing to its importance and the difficulty of procuring inire seed,

orchard grass should be purchased onl}' from the most reliable dealers.

The price quoted in 1898 by New York seedsmen was ^2.50 per bushel

of 14 pounds, or %17.50 per hundred. Good seed should show a purity

of 90 per cent and a vitality of 75 to 80 per cent. Indeed, a prominent

English firm guaranties to furnish orchard-grass seed germinating

90 per cent at a cost of 1 cent per pound higher than the ordinary

seed of trade.
MEADOW FESCUE.

Meadow fescue {Festuca praiensis, PI. XXXV, fig. 9) is one of

the finest grass seeds on the American market. Eighty per cent of

the samples tested in the laboratory of the Division of Botany have

shown a purity of 99 per cent or more, and none have fallen below 97

per cent. Nevertheless, chess is not infrequently present in small

amounts, and although such seeds are considerably larger than those

of meadow fescue, it would be almost impossible to clean them out by
machinery; hence, the only way to avoid them is to remove the chess

fiom the fields before harvest. Other impurities to be found occa-

sionall}' in small quantities are seeds of red and white clover, timothy,

dock, smartweed, and foxtail grass.

Owing to the abundance and cheapness of American-grown meadow-
fescue seed, it is never adulterated, but, on the other hand, it is some-

times used to mix with more expensive grass seeds, especially orchard

grass. It is grown (|uite extensively in Kentucky, Missouri, and
Kansas, less commonly in Ohio, and is exported everywhere. (Ger-

man writers are loud in their praise of the purity of American seed

(which is infinitely superior to German in this respect), but they chiim

that meadow fescue from American-grown seed succumbs more easily

to the cold and to fungous attacks in (Germany than that raised from

the German seed.

Two hundred jxiunds per acre is considered a fair yield of meadow-
fescue seed, although 400 i)ounds has been reported. In unfavorable



Yearbook U. S. Dept. of Agriculture, 1898. Plate XXXVI.

'J

'ii' V

Seeds of FEscut and Brome Grasses.

1, Sheep's Fescue ( Fcshicd oviiid); :.', Red Fescue [Feslrica ruhnn: 3, Tufleil Hair (ira.>is (/V.t-

cluim])si(t ai'.'ipitos((); 4, Upright Bvoum' {/iroiiius crt'ctHS): '>. Sehra<ler"s Brouie t Hriniiii.i

nnifiloifh's); fl, Chess { Broniufi sfculiitus); 7. lltliry Broine ( /ivooiK.s iisiwr'i: S, AwiilessBrunii'

(liniiiius inermis)—the small lifrures natural size.
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seasons, such as 1898, the yield may decrease to GO or 70 pounds per

acre. Owing* to the tendency to rattle out when mature, the seed

should be liarvested with care. AVhile tlie e.vport trade in this seed

has generally been excellent, there has been an overproduction in the

United States in recent years, causing the i)rice in Europe to drop

considerably; hence, it Avould be undesirable for American farmers to

increase their acreage in meadow fescue for seed i)urposes.

The Euroi^ean seed is fi-equently adulterated with English rye gra.ss,

wliich costs abroad only one-half as much, and is very similar to

meadow fescue in form and size. It can generally be distinguished

bj' the difference in slmpe of the i^edicel, which in meado»v fescue is

slender and nearly cylindrical, the top being abruptly expanded into a

disk (PI. XXXV, fig. 9). In the rye grasses the pedicel is thick, rather

flat, increasing slightly and gradually toward the top (PI. XXXV, figs.

4 and 5). Blue pearl grass (PI. XXXV, fig. 2) is also sometimes used

to adulterate foreign seed of meadow fescue. Good seed should be

at least 95 per cent jjure and should germinate 90 per cent.

sheep's fescue.

Sheep's fescue {Festuca ovina, PL XXXVI, fig. 1) is highly recom-

mended for poor, sandy soils, hence is in considerable demand. The
seed is much smaller than that of meadow fescue, is narrow, pointed,

and tii>ped with a long awn, which is rough and bristly, as is also,

usuall}', the upper part of the back glume. The pedicel is often

hairy, but different individual seeds from the same lot A-ar^' greatly

in respect to surface. The seed of hard fescue {Festuca duriuscitla),

vai-ious-leaved fescue {Festuca heterophylla), and red fescue {F. rubra,

PI. XXXVI, fig. 2) are so nearly alike that an expert can hardly

tell the difference. Sheep's fescue is easily obtained and is rather

cheaper than the other kinds enumerated, except meadow fescue. It

comes from Germany, and is often mixed with wood hair grass, which
is practically worthless for meadows or grazing. Wood hair grass is

easily distinguished from all the fescues by the transparency of the

upper part of the glumes, prominent tuft of hair at the base, and
long, bent awn, which starts at the base of the seed (PI. XXXIII, fig.

8) instead of being an extension of the apex, as in the fescues. Blue
pearl grass and Vulpia hrunioides, both worthless species, also occur
in some samples of sheep's fescue. The seed of Vulpia hromoides is

very similar in appearance to fescue, but is tipped with an awn which
is twice as long as the body of the seed, none of the varieties of fescue

in trade having awns longer than the body of the seed. Sheep's fescue
should have a purity of 85 per cent.

RED FESCUE.

Professor Stebler, director of the Zurich Seed Control Station, states

that less dependence is to be placed on the genuineness of samples of
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seed sold under the name of red fescue [Fesluca rubra, PI, XXXVI,
fig. 2) tliaii of any other species. Red-fescue seed is quite expen-

sive and all imported, mostly from Germany. The principal impurity

is wood hair grass. Other impurities sometimes occurring are seeds

of blue pearl grass, orchard grass, Juno grass, velvet grass, meadow
fescue, English rye grass, and Viilpia hromoides. Red fescue seed

should have a purity of 80 per cent. Various-leaved fescue is a

variety of red fescue, and the seeds can not be distinguished with

certainty.

ENGLISH RYE GRASS.

English rye grass {Lolium perenne, PI. XXXV, fig. 4) is not a

native of North America, but was introduced from England, where it

has been cultivated for more than two hundred years. Lately it has

come into use in the Western States to sow with alfalfa for mixed

hay. It seeds freely, and the seed is easily harvested and cleaned.

The heaviest crops of seed are from heavj^ loam and clay soils, but

sandy soils, wlien moist, give good crops. The seed is usually taken

after cutting for green fodder, but can be taken from the first crop.

If the former method is adopted, the first cutting must take place early,

when the grass is about hand high, or the seed crop will be delaj'ed

too far into the autumn. It is very important to watch for the proper

stage of ripeness, because the completely rijio grain easily falls out,

and a large loss will result. The harvesting takes place when the

glumes are straw yellow and the stems are still green. The grain at

this period is of a leatherj'" consistencj^ but not hard, and can be

readily indented with the finger nails. Most of this seed comes from

Ireland and Scotland, where it is grown extensively. According to

Sprengel, an average crop of seed is 530 jiounds to the acre, but accord-

ing to Werner 260 to 350 pounds of seed maj- be obtained, besides

2,000 to 2,800 pounds of hay.

The false fruit or commercial seed (PI. XXXV, fig. 4) is long,

elliptic, of a dirty straw color, and from half as long again to twice as

long as the grain which it incloses. The back of the seed is rather

faintly marked with five nerves, which become more distinct toward

the blunt apex. The edges of the flowering glume are inrolled, cov-

ering the edges of the inner glume or palea. The seed is about 7

millimeters long by Ik millimeters wide, the grain averaging about

one-half this length. The pedicel is about one-third the length of the

seed, gradually enlarging toward the top, and flat triangular in cross

section.

The cheapness of this seed makes adulteration unprofitable, although

it is much used to mix with more expensive seeds, as orchard grass.

Tlio principal impurities are Italian rye grass (PI. XXXV, fig. 5),

meadow fescue, and velvet grass.

English vyo. grass is readily dist inguislie(l from Italian rye grass by

tlio awns on the latter. When those nvv abstMit or bi-oken, the curved
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back of Italian lye grass serves to distinguish it. The curvature of

the back causes the seed to lie on its side, while the seed of P^iiglish

rye grass always lies flat. Italian rye grass is not used as niucli as

English. Not being so permanent a grass, it is of less use for pastures.

The best seed comes from France, and much is also imported from

England and Scotland. This seed is not so pure as English rye grass,

being frequently adulterated with the latter. It al.so contains tall

buttercup {RaiiuiicuJus acris, PI. XXXV, fig. 3), creeping buttercup

(E. repens), rib-grass i^lantain {Planfarjo lanceolata, PI. XXXIV, fig.

G), sorrel {Rumex aceiosella, PI. XXXIV, fig. 4), Vulpia bromoides,

and soft brome {Bromus liordcaceus, PI. XXXV, fig. 10). Both

English and Italian rye grass should sliow a purity of 95 i^er cent.

AWNLESS BROME.

This comparatively recent introduction {Bromus inermis) gives

promise of being valuable, esi^ecially west of the ninety-fourth merid-

ian. The seed has up to recent years been exclusivelj' imported from

Europe and Asia, and several tons of foreign seed have been distrib-

uted by the Department of Agriculture during the past year. It is,

however, being groM-n for seed in Texas and Colorado, and there

seems to be no reason why it should not be much more extensively

grown in the near future. The high price of the seed, which is at

present quoted at from S9 to $10 per 100 pounds, will make awnless-

brome seed a profitable cro^) for a few years at least. The seed sold so

far has been pretty free from adulterations, but some cases have come
to our notice in which the amounts of foreign seed i^resent seemed
to indicate intentional mixture. There is XDlentj' of opportunity for

such fraud, at any rate, and the purchaser will do well to carefully

examine the samples offered. The principal danger at present lies in

the introduction of weeds with the imported seed. The seeds of a

number of plants whose jwssibilities as weeds are not fully under-

stood have been observed in the imported seed, and the farmer who
plants awnless brome should send to his exiieriment station or to the

Department of Agriculture any strange plants found in his field.

Awnless-brome seed (PI. XXXVI, fig. 8) is dark-colored, flat, and
thin, 8 to 9 millimeters long by 2.5 to 2.25 millimeters broad. Tlie

back of the seed is of a lighter color tlian the front, and is marked
with three large and four less prominent ridges. It is largest near
the apex, and tapers down to the narrow base. The pedicel is slender,

about one-fourth to one-third as long as the seed, and hairy. Tlio*

impurities are meadow fescue, English and Italian rye grass, and
chess. These are all easil}' distinguished from awnless-brome grass.

The seeds of chess {Bromus secalinus, PI. XXXVI, fig. G), differ by
usually being awned and by being not so flat, lighter colored, and
l^rovided with a row of biistles on each edge of the inrolled glume.
The seed of other brome grasses may be exi^ected to appear in
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samples of awnless brome if the bigh price of the latter continues.

Chief among these is soft brome (PI. XXXV, fig. 10). This worthless

grass seeds freely and is cheap; consequently it is already used exten-

sively to adulterate other grass seeds. The seed of soft brome is

7.5 to 8 millimeters long, with an awn nearly as long as the seed

itself. The outer glume is much broader than the inclosed grain, and
the edges of the glume are translucent. Awnless l)rome should yield

at least 300 pounds of seed per acre. Twice as much has been
obtained. The seed is harvested when the sj^ikelets have a violet

tint. The figures of the various species of brome will give a good
idea of the differences between them. (See PI. XXXYI, figs. 4 to 8.

)

Awnless brome should be 90 per cent pure.

MEADOW FOXTAIL.

Meadow foxtail {Alopecurus pratensis) is a native of Europe, and
has been introduced to some extent into New England and the Mid-
dle States, where it is used to mix with other grasses for permanent
pasture. Its use is probably hampered by the low vitality of the seed,

which seldom germinates more than 50 per cent, and usually much
lower. Of twenty-one samples tested by Nobbe, the highest germi-

nated but 17 per cent. The principal cause of the low germination is

the uneven ripening of the seed. This necessitates cutting many
of the stalks before the seed is ripe. The best practice is to strip the

ripe stalks one by one and to spread the seed in an airy place to dry,

stirring it carefullj^ every day for eight to ten days. If this is neg-

lected, the vitality will be still further lowered.

]Meadow foxtail is raised to some extent in southern Maine and
northern Massachusetts, but is not grown on a commercial scale in

the United States. The seed is imported from Europe, the best being
rni«od in Finland. A great deal also comes from Denmark. Meadow-
foxtail see 1 (PI. XXXVII, fig. 1, 6) is 5 to G millimeters long by 2.5 to

'3 millimeters broad. It is flat, ovate, loose in the glui.ies, and silvery

gray or ash gray in color. The light, whitish color so esteemed by
some is undesirable, because it indicates immatui-ity. The seed has
a soft feeling, due to the covering of fine hairs. The edges are also

provided with a fringe of long silky hairs. The outc glumes are

united for the lower one-third of their length, and from between their

upj)er parts a bent and twisted awn lu'ojects. This awn is attached
to tho base of the inner glume.

The purity of this seed is often low, samples containing mncli chaff

and being fro(|U('ntly adulterated. A purity of 80 per cent should be
required, however, as the presence of foreign seeds is usually tho

result of intentional mixture. Tests in tho laboratory have shown
tho presence in some cases of more than 35 per cent of English rj-e

grass. Tho seeds of velvet grass (PI. XXXV, fig. 7) and creeping
soft grass (Hnlciis luollis, IM. XXXVII, fig. 1, 7) are also frequent
impurities. These are readily distinguished when in the glumes by



19 3 4
Fig. 1.—Seeds of Aqrostis and Alopecurus with Impur'Ties.

1, Redtop iAgrostis alba); -i, Klioile Islam'. Bent lAymstis caninu): ". Sleuiler Rush ijiiiictts

temiis); 4, Canadian St. Johu's-yrort^Hypericitm cuiifidense); .5 Meadow Foxtail ( Alopecunm

pratensis); tj, Slender Foxtail ( Alopec-run (ujrexfis); 7, C;eeping Soft Gra-s-s ( Halcus mol-

lis)—the small figures natural size.

Fig 2. Seedlings

(( and l>, C'reopiug hfi\l { Aijm.'it is .itoti>ni/ei-ii ) : c, lihi>df Uland Uciil (Aifrimtin cuiiimi).
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the absence of lon<^ liains on the edges and by the fuc-t tliat tlie

glumes are not united near the base, as is the case in meadow foxtail.

Since the commercial seed is always in the glumes, this distinction is

sufficient. But even when the glumes have been removed the differ-

ence is still clear. The grain of foxtail falls out of the glume naked

and is brownish yellow in color, while that of both si)ecies of Ilolcus

is inclosed in a delicate silvery white inner glume. The seed of slen-

der foxtail {Alopecurus agrestis, PI. XXXVII, fig. 1, 6), a common
weed abroad, is also used to adulterate meadow-foxtail seed. This,

too, can be easily told by the absence of the long hairs on the edges

of the seed.

According to Stebler, G.21 pounds of pure and germinable seed

should be sown per acre. The actual amount of commercial seed used

will depend upon the purity and vitality of the sample. Much injury

is wrought to this seed in Germany by a species of thrips {Thri2)s

cereaUum). This pest also occurs in the Eastern United States, but

so far has not been considered dangerous. The attempt to grow fox-

tail for seed might, however, be seriously hampered by the ravages of

this insect.

REDTOP OR herd's GRASS.

Redtop {Agrostis alba, PI. XXXVII, fig. 1, 1) has a nearly world-

wide distribution, growing especially well in damp climates and on

low, wet ground. Its chief value is as a pasture grass, although it is

used for hay and also makes excellent lawns. Redtop seed is largely

raised in Illinois and is exj^orted to all countries. The fact that the

seed is home grown enables the dealers to furnish purer seed than is

usually the case with the imported article. Two principal grades are

sold, "Fancy silver" and seed in the chaff. The "Fancy silver"

should have a high percentage of purity. As high as 90 per cent may
be expected. In the other grade there is always a great deal of chaff,

and GO per cent is a fair standard. The principal impurities besides

chaff are timothy, horseweed {Erigeroii caiiadeusis), slender rush

{Jiincus tenuis, PI. XXXVII, fig. 1, 3), Saint John's-wort {Hypericum
canadense, PI. XXXVII, fig. 1,4), and yarrow {Achillea millefolium).

Redtop should yield from 10 to 20 bushels per acre of seed, and more
has been obtained. The seed (PI. XXXVII, fig. 1, 1) is a small red-

dish grain inclosed in a silvery white, translucent glume. The glume
is about one-fourth again as long as the grain and has a tuft of hair

at the base, which is, however, often rubbed off" in cleaning. The
seed of this species is slightly larger than that either of creeping bent
or of Rhode Island bent, but otherwise is indistinguishable excc[»t

that the awns of Rhode Island bent, if not broken off, furnish a

good characteristic for identification (PI. XXXVII, fig. 1, i?). The
outer glumes of redtop come off easily, and in chaffy samples will

make from 30 to GO per cent of the weight. In the "Fancy silver"

grade the chaff has been blown out.
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BENT GRASSES.

Creeping bent {Agrosiis stolonifera) and Rhode Island bent
(^4. canina) are much prized for lawns. The seed of creeping bent is

largely imported, and is always very chaffy. A purity of more than
50 per cent can scarce!}' be expected. The most common impurities

other than chaff are tufted hair grass {Deschampsia ccespitosa, PI.

XXXVI, fig. 3), which is often used as an adulteration, silky bent grass

(PI. XXXIII, fig. 7), slender rush (PI. XXXVII, fig. 1, 5), horseweed,
and sorrel, although seeds of other weeds frequently occur. Creeping-
bent seed is sometimes sold under the name of Rhode Island bent.

The perfect seeds of the two species are quite different, that of

the bitter (PI. XXXVII, fig. 1, ^), having a bent awn attached near
the base of the inner glume. This awn is about twice the length of

the seed, twisted in its lower half and then abruptly bent nearly at

right angles. These awns are frequently broken off, and in that

case the seeds can not be easily distinguished from those of creeping
bent or redtop. The presence of many awns in samples of creep-

ing bent may be taken as an indication of the presence of Rhode
Island bent. Creeping bent is never grown for seed, the seed being
collected from plants growing wild in the forests of Germany.
Rhode Island bent grass is grown for seed to some extent in Rhode

Island, but most of the seed is imported. Like that of creeping bent,

the seed is usually chaffy, 50 per cent being a fair purity standard.

It is frequently mixed with creeping bent, the entire sample being

sometimes of this species. Besides this the principal iiniiurities are

slender rush, chickweed. Mayweed {Anthemis cotula), oxeye daisy

(PI. XXXIV, fig. 5), and yarrow. As stated above, the seed is

easily distinguished from that of creeping bent when the awn is pres-

ent, but is otherwise indistinguishable. A read}' means of determin-

ing the relative purity of a sample is found in the seedlings. The
seeds sprout a few days after planting, and soon the difference is

apparent. The seedlings of Rhode Island bent have narrower and
finer leaves than those of creeping bent or of redtop, and the habit of

the plant is more slender and delicate than that of either of the other

species. .Seedlings of Rhode Island bent and creeping bent are shown
iu PL XXXVII, fig. 2.



THE SOLUBLE MINERAL MATTER OF SOILS.

By Thomas H. Means,

Assistant in Division of Soils.

If a piece of granite be exposed to the weather for a long time,

changes will be noticed gradually taking i)lace. The rock will whiten

and finally fall to pieces, leaving a coarse powder without the slight-

est resemblance to the original rock. If the rock is weighed, it will

be found that some of the material composing the rock has disap-

peared. This process of the breaking down of rocks has been going

on for ages unnumbered, and to-day nearlj' all of the rocks are cov-

ered with a layer of rock powder or soil. While the rock is breaking

down, or weathering, as it is termed, mosses and lichens begin to grow,

and, as thoy die and give place to other plants, their remains decay
and leave in the decomposing rock the black coloring matter which is

called organic matter, and which in certain stages of decomposition

is called humus. AVhen the rock is all broken down and the organic

matter, together with the humus, is mixed with the rock powder, there

remains Avliat is termed a soil.

WEATHERING OF ROCKS AXD FORMATION OF SOLUBLE MATTER.

Many chemists have studied this weathering of rocks and the forma-

tion of soils, and all of them agree that in the process large quantities

of the materials in the rocks are so changed by the weathering that

they are rendered more or less soluble in water; then as the rainfall

penetrates the rock and the rock powder, this soluble matter is grad-

ually dissolved and washed out, accounting for the loss in weight of

the decomposing granite.

Dr. George P. Merrill, of the United States National Museum, has
examined a large number of rocks and soils, and has determined tliat

rocks lose by solution from 10 per cent to as much as 98 per cent of

their weight in passing from the solid rock to soil, that is to say, in

the formation of an acre of soil 1 foot deep from 200 to 8G,000 tons of

the rock are removed by solution.

Rocks are composed of various materials, some of which in decom-
posing or weathering yield large quantities of soluble matter, while

others yield little or no readily soluble matter; so that the rock is not

dissolved as a whole, but the chemical action of weathering so changes
some minerals tliat parts of tliem are made soluble. Thus feldspar,

a common constituent of many of our rocks, is not soluble in water,
495
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but as weathering goes on under the atmospheric conditions, the min-
eral whitens, breaks down, and the insoluble kaolin (clay) and silica

(sand) are left, while potassium carbonate is waslied out in solution.

On the other hand, quartz, the most common of all minerals, does not

change during the weathering, but simply l)reaks up into finer parti-

cles of sand, verj^ little of which is removed by solution.

SOLUBLE MATTER IN SOILS.

With the formation of the soil this process of solution and removal
does not cease, but as long as water is in contact with the soil gi-ains

there are chemical changes taking place and salts are being dissolved.

Pure water will dissolve as much as 1 per cent of some of our soils,

but the average amount dissolved will be much less than this, prob-

abl}^ nearer one-tenth of 1 per cent.

The soils, like the rocks, are composed of various materials, and
the water dissolves these just as it did the minerals of the granite.

Some of the minerals contain plant food, some do not, and when all

of the minerals containing plant food are dissolved and washed away,

the soils become sterile and will not support plant growth. Plants

need only a very small amount of mineral food at one time, but this

small amount must be supplied throughout the growing season.

A number of chemists have made chemical analyses of the matter

dissolved by water in various soils. They have shown that all of the

minerals are more or less dissolved by the water, and that the solu-

tions contain all of the mineral ingredients of a plant. The important

plant foods, phosphorus, nitrogen, and potash, are present in small

quantities in the solution, while lime is present in a much larger

quantity in most soils. Should the plant foods be present in solution

in large quantities, the first heavy rain would wash all out tliat were
dissolved, and their value would be lost. Tlie examination of largo

numbei-s of samples of drainage water has shown that jjliosplioric

acid and potash are onl}' washed out in small quantities, while nitro-

gen is i-emoved noarh' as fast as formed williin tlie soil.

ABSORPTION OF SALTS.

It was noted many years ago that a soil possessed tlie propci-ly of

decoloi-izing solutions and of icndering foul water pure, 'i'his is well

illustrated in oni- common custom of digging wells; the deeper the

well tlie purer tlic water and the less liable to contamination fiom

surface impurities. This simple fact of the power of sand or soil to

take the coloring matter out of manure extracts Avas noted b}' chem-
i.sts, who found, on further examination, that the phenomenon was
much more general and of a far larger interest than was first sup-

posed. It has been found that all soils possess this propei'ty to a

greater or less extent. They lemove soluble malleis from solution

and gradually release Iheni again, so that at no lime is any large
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quantity of matter present in solution. When a solution of poias-

siuni nitrate is poured throuj^h a soil the potassium is in a largo

measure absorbed and retained, while lime takes the place of potash

in solution and is washed out as the nitrate of lime. Soils, in other

words, decomi)ose the salts and retain the alkaline portion (potash,

soda) with the phosphoric acid, while the acid portions (nitric, muri-

atic, sulphuric, etc.) are removed with part of the alkalies and lime.

The great importance of this fact to the agriculturist can readily

be seen. When a mineral fertilizer is applied to a soil, in.stead of

being all dissolved and remaining in solution to be washed down into

the subsoil bj'^ the first heavy rain, the i)lant foods are absorbed by
the soil and gradually supplied for the use of the plant roots.

During a study of the soluble matter of soils in the Division of

Soils several new methods and new apparatus have been used, and
the results obtained have been of much interest to those engaged in

agricultural research as well as to the practical agriculturist.

CLASSIFICATION OF SOLUBLE MATTER.

The soluble matter of soils maj' be classed under two general heads,

(1) soluble mineral matter and (2) soluble organic matter. Under the

first head are classified all salts and soluble compounds derived from
the decomposition of rock or mineral parts of the soil. Under the

second head are classified all soluble matter derived from plant and
animal remains. The study has been confined almost entirely to

soluble mineral matter, and onlj'' this class of soluble matter will be

considered here.

There are three conditions in which a salt can exist within a soil,

(1) insoluble; (2) soluble; (3) absorbed—physical and chemical absorp-

tion. Of these three conditions the first, in w^hich the salts are insol-

uble, is of importance as a reserve, for there exists in this condition

all of the undecomposed minerals with their siores of jjlant food. The
term insoluble is used in a relative sense, for all the minerals are sol-

uble in water to a slight degree. These minerals are constantly being

decomposed, thus yielding their store of plant food in a more avail-

able condition for plant growth and furnishing supplies for continued

fertility for a long or short time, accordingly as the soil contains much
or little plant food locked up in insoluble form. In the second condi-

tion, in which the salts are actually in solution, they are, of course,

in a condition in which the plant can most readily use tlKMu.

PHYSICAL ADSORPTION.

The absorption of salts has been briefly discussed in an earlier part

of this paper. The condition of absorbed salts is one which has

received much attention in recent yeais. There are two kinds of

absorption, chemical and physical. The chemical absorption has

already been treated in another paragraph, and tlu' description which

1 aOS 32
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follows refers to tlie plnsieal absorption. Any solid body placed

within a solution lias tlie power of absorbing or condensing upon its

surface matter which is in the solution. These salts when ab.sorbed

or condensed seem to have little effect upon the growth of the plant.

They are very slowly given up by the solids to the solution again as

the soil is leached. Such physical absorption or condensing action

varies with the condition of the surface, that is to say, whether it is

rough or smooth, compact or porous, and it also varies with the extent

of the surface. Some salts seem to be more readily absorbed than

otliers. In order to test the relative absorption of various salts which

are found in soils, some experiments have been conducted upon the

rapidity with which various salts could be washed out from a soil, in

which there was no chemical action, but in which the salts were

phj'sically condensed, or absorbed bodily, much as a sponge absorbs

water. The relative time of washing out the various salts was as

follows:
Relative time of leaching salts.

Minutes.

Calcium chloride 1

Sodium chloride 2

Magnesium chloride 2

Potassium chloride 4

Ammonium chloride 8

In this experiment there is the foundation of some of the most impor-

tant principles regarding the removal of any accumulation of salts.

It is seen that the calcium salt was most readily washed out, while the

amiiioniuin and potassium salts were the hardest to wash out.

CONDITIONS IN ARID REGIONS.

If in the i^iece of granite referred to in the beginning of this paper

the rain water had not been allowed to wash out the soluble matter a.s

it was formed, there would have been found a quantity of white sail

in tlie I'ock powder and in the resultant soil. If the quantity of thi--^

white salt had been great, as much as 2 or 3 per cent of the weight of

the rock, it would have been diflficult or impossible to get a plant to

grow in the soil. This has been the experience the world over, Ihat

plants will not grow in a .soil that contains too much soluble nuitter.

In arid countries there is not sufficient rainfall to remove all of the

soluble matter as it is formed in the decay of rocks and soils, and the

result is an accumulation of .salts within the soil. In still other parts

of the country, where more rain falls, the salts may be washed out,

but Die .solution runs down into inclo.sed basins liaving no connection

witli tlie ocean, and there evaporates, depositing the salts. In eitho!'

of these cases plants suffer when the amount of salts reaches a certain

per (rent. It can safely be said that few crops can flourish when solu-

ble matter amounting to one-half of 1 percent of the weight of the

soil is in solution around the soil grains when tlie soil is saturated

with moisture. As tlie water of .saturation weighs from 25 to 75 i>er
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cent of the dry weight of tlio S(»il, it will be seen that crops will not

thrive when the solution contains more than 1 per cent of the soluble

matter. When the concentration of tlie soil solution readies tliis per

cent, the leaves of alfalfa turn yellow, wither, and die, just as the plant

would do if drought prevailed.

AMOUNT OF SOLUBLE MATTER DEPENDS UPON (•LLAL\TE AND
TEXTURE OF SOIL.

In arid regions where the amount of rainfall is small, the amount
of water which leaches through the soil is not sufficient to wasli out

all of the soluble matter. For this reason the amount of soluble

matter in the w^estern soils exceeds the amount of soluble matter in

the eastern soils of the United States. The following table shows the

relation between the amounts of soluble matter in the soils of different

l^arts of the country:

Relative amounts of salts in soils.

No. of
samples.
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It will be seen from the table that the soil which had the greatest

extent of surface for the water to act on (or, iu other words, the

soil which was made up of the finest grains) had also the greatest per-

centage of salt which was soluble. It is a well-known fact, also, tliat

the general agricultural value of a soil varies in nearly this same
ratio, that is to say, a heavy soil is better for general farming pur-

poses than a light, sandy soil.

HUMID AND ARID REGIONS COMPARED.

There is another point of difference between the humid and arid

soils which is of general interest as well as of general importance.

The soils of the liumid regions contain much more soluble matter than

the subsoils, that is to say, the greater part of the soluble matter is

concentrated within the surface foot of the soil. About 50 per cent

of the rainfall of the humid regions either washes over the surface of

the ground or else washes through the soil and sinks down below the

subsoil to appear at a lower level and be carried off by streams into

the ocean. This has been going on for ages, and the amount of solu-

ble matter left is very small, only sufficient to supply the plant roots.

The absorbing action of the soil grains retains the greater part of

the salt as it becomes soluble within the surface foot of the soil, and
it is here used by the plants. Below this, in the subsoil, in the region

where the action of weathering is reduced to a minimum, the amount
of soluble matter found is very small.

In the arid regions, where the rainfall is not sufficient to keej) the

soil continuously moistened to any great depth and wjiere the air is

drier and evaporation much more rapid, the proportion of the rainfall

drained from the land by the rivers is much less, in some cases less

than 10 per cent, and in nearly all cases of AYestern rivers less than

25 per cent. Thus, with a small rainfall, very little water leaches

througli the soil, and therefore very little soluble matter is washed out.

In fact, in most of our arid i)rairies the soil is never wet from the

surface to a depth of more tlian 5 or 6 feet. When the rainfall soaks

down to the subsoil it carries "with it some of the soluble matter wliich

is in the soil. This soluble matter is absorbed by and condensed

upon the grains of the subsoil, and when the water is again brought

to th(; surface of tlio ground l)y the evaporation of the soil water,

part of the soluble matter remains in the lower layers of the soil.

Then, if an examination is made of the prairie soils as they normally

occur, more soluble matter will be found in the subsoil than in the

soil, while in the liumid regions the conditions are just the reverse.

Thus, in iiiuch of tlio Western country there are largo accumulations

of soluble salts below the surface of the ground. Such soils seem at

first siglit to be entirely free from "alkiili." After a few years of

irrigation tliese salts appear on tlie surface, and immediate «lamago

to tlie crops results.
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EFFECT OF IRRIGATION UPON LOCATION OF SOLUBLE SALTS.

When water is applied by irrigation great changes take phice in the

location of the soluble salts, frequently resulting in the ruin of the

land temporarily. The word temporarily is used because methods of

reclamation are possible, and the time will soon come when those lands

will be reclaimed. Such lands are usually called "alkali" lands,

though in the majority of cases the term is misleading, for often the

salts are neutral in character.

When water is applied by irrigation under the ijresent methods, a

great deal more water is usually employed than is necessary for the

growth of the crops. This excess of moisture slowly penetrates the

subsoil until it is drained off into streams or strikes some bed of

impenetrable material. If the soil is light and sandy, easily drained,

the excess of water readily i)asses away and no permanent damage
results to the farmer who applies the water. The water, however,

too often only sinks to rise again to the surface at some lower level

and to swamp the land.

When, however, the soil is heavy and impervious, tlie excess of

water applied slowly penetrates the soil and remains in the subsoil

without draining away, or at least drains away very slowly. Gradu-

ally the subsoil fills up with standing water until the level of the

water i-eaehes the roots of the plants growing on the surface of the

ground. Since very few cultivated plants can live when their roots

are under water, as soon as this condition of standing water is reached

the plants die. All this time evaporation is going on upon the sur-

face of the soil, and water is being drawn up by capillary force, bring-

ing with it the salts it may have dissolved. These salts are left at

the surface when the water evaporates, and slowly a crust foi-ms.

This accumulation of soluble matter finally becomes so great that no

plant will grow on the land. The land is of necessity abandoned. In

nearly everj^ irrigated district of the arid West some of the lands

first irrigated, the choicest of the lands, have in this way become so

impregnated with the salts that crops can not grow. There are thou-

sands of acres of land, formerly valuable property, which to-day ai-e

abandoned.

KINDS OF ALKALI.

There are essentially two kinds of alkali soils, black alkali, or

sodium carbonate, which is the true alkali, and white alkali, or a

mixture of several salts, as common salt, Glauber's salt, epsom salt,

borax, Chile saltpeter, etc. When the black alkali occurs in the soil,

gypsum is added in order to produce a chemical change in the salt.

The black alkali is then changed to white alkali, which is much loss

harmful. In general terms, it may be said that plants can stand only

one-tenth of 1 per cent of black alkali, while most plants are able to

stand from one-fourth to one-half of 1 per cent of white alkali. If,
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however, the salt is wliito and is present in suflicient quantity to hin-

der eroi^s growing (that is, over one-half of 1 jier cent), there is at

present but one known nietliod of reclaiming the land, that of remov-

ing the salts bodilj'.

METHODS OF REMOVING ALKALI.

There are several ways in which salts may be removed. The popular

idea seems to be to wash the salts awaj' bj* flooding the surface of the

ground. Such a method is of little avail, for the amount of salt on

the surface is but a small portion of the total amount within the soil.

Tlie soluble matter extends down all through the soil, and there may
be as much at 10 feet below the surface as at the surface itself. Even
should the small portion upon the surface be washed away, other salts

would soon be drawn up from below and deposited. The general

experience has been that there is but one effective method of getting

rid of an}' accumulation of alkali. The land must be drained. Irri-

galion and drainage should begin at the same time, but since much
of our land is already ruined by overirrigation and lack of drainage,

the question of reclaiming these lands must be considered as well as

the problem of preventing future occurrence of such disasters. There

can be but one answer to all queries as to how to get rid of the alkali,

and that answer is, drain the soil. As the water drains away, the

excess of soluble salts will be carried ofif. The question of the manner
of draining the soil will not be considered here, for the practical

experience of the farmer and the conditions and methods at command
will be a better guide to drainage than could be presented in the

short space of this paper.

DRAINAGE OF ALKALI LANDS.

It might be well to consider the amount of salts removed by the

waters of a ditch. During parts of May and June, 1898, the percent-

age of soluble matter was estimated in samples of water collected

from an open ditcli used for drainage near Billings, Mont. This

ditch liad been dug to drain away water from the town. A layer of

gravel underlaid the valley and the ditch was dug down to this

gravel. Several natural drains entered the ditch, and altogether the

ditch i-epresented the drainage from about 10 square miles. The table

on the page following shows the quantity of salts removed by the

water.
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Salts removed by waters of a ditch.

Date.

June 4 -

June G .

June 7 -

June 11

June 13

Tons
per
hour.

13.0

19.1

19.0

20.2

13.7

Date.

June 13

June 16

Average

i03

Tons
per

hour.

21.

»

10.2

16.6

The examination of the water in this ditch on these seven days gives

a fair idea of the average quantity of salts removed. The ditch was
estimated to be discharging at the average rate of about 40 cubic feet

per second. From this the number of tons of salts removed per hour

by the ditch was calculated. At this rate of working, the ditch could

drain 1 per cent of salt from the upper 5 feet of about 900 acres of

land in one year.

The worst of the alkali lands is generally a heavj'' clay or adobe.

The action of the soluble matter on the clay particles has rendered

this soil verj^ impervious to water. The drainage is very slow. It

would require some time to remove the first excess of the salts and
water, though were this once accomplished the soil would or could be

brought back into its former condition of good tillage, and thus allow

water to flow more rapidly. The lighter soils are usually washed free

of all alkali by the first irrigation supply, and it is onlj' when the

level of standing water comes close to the surface of the ground that

these soils are condemned as alkaline. The first and usually the

worst effect is caused by water. If this water is immediately drained

away, no lasting ill effect is produced in the soil; but if it remains in

the soil the accumulation of the alkali at the surface begins at once

and the soil is soon ruined.

There are several important practical deductions to be made from

the foregoing, especially by the irrigating farmer. It is very essential

that he understand the phj'sical properties and processes in the soil,

especially in opening up a new country and on first api^lying irriga-

tion waters. Much of the trouble which has come from alkali could

have been prevented if these iihysical laws had been understood and

care taken to make the x)ract-ice conform in eveiy way with the exist-

ing conditions.

CARE NECESSARY IN IRRIGATION.

With these soluble salts present in such abundance in the subsoil

of the surrounding country, it is important that water be applied to

the land as seldom as possible, and only so much at a single applica-

tion as is necessary for the object to be attained. Any excess of

water tends to accumulate in the soil to the detriment of the plant

roots, or to seep down and injure the lands or farms in the lower
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level by the accumulation of quantities of subsoil water and finally

by the accumulation of alkali salts.

Where the evil of overirrigation has been wrought, too much can

not be said in favor of a proper sj^stem of underdrainage. Even
though a given farm may not be injured by alkali, seepage waters

from this farm will rise upon farms lower down, bringing with them

alkali salts, which, if allowed to accumulate, will ruin the land.

Many of the western soils are hardly considered valuable enough to

warrant extensive drainage; but drainage will have to be done sooner

or later, and well-planned systems, even though small at the begin-

ning, can be installed at a small cost per acre and the accumulation

of the salts prevented. Systems judiciously planned at the beginning

can be gradually extended as they are needed with a relatively small

outlay of capital.
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AGRICULTURE IN PUERTO RICO.

By Roy Stone,

Brigadier-General, U. S. Volunteers.

GENERAL CONDITIONS.

The island of Puerto Rico (PI. XXXVIII), with an area one-fourth

less than that of the State of Connecticut, suf»ports a population about
one-third greater, and supports it almost entirely by agriculture, after

paying a heavy tribute of taxation and another of remittances to

absent landlords. The island does all this, too, with few of the modern
implements, methods, or appliances. It has so few roads that large

portions of its products are brought to market on pack animals or on
the heads of men and women. It has few railroads, and these consist

entirely of some short pieces along the coast. Its harbors are witliout

improvements, and the cost of shipping its products amounts to an
export tax. There is no place on the island where a large ship can
come to a dock, and all goods have to be lightered out and in. While,
as stated, the population derives its means of support almost entirely

from the limited agriculture practiced, the island does not produce its

own food staples, such as wheat, corn, rice, etc., and nearly half its

imports are of cereals and other agricultural products. The island

itself is so mountainous and so broken into steep declivities by the

deep gorges of its numerous rivers that it seems to one from the

United States, especially from the prairie regions, as if it were almost
incapable of cultivation. The result obtained under all tliese diffi-

culties makes the study of the conditions and methods of agriculture

in the island peculiarly interesting.

TOPOGRAPHY.

The island, wliicli is rectangular in shape, lies exactl}- east and
west, and is situated between latitudes 17° 50' and 18° 30' N. and
longitude G5° and 67° W. of Greenwich, It is about 100 miles long
and 40 miles wide.

A high, steep ridge, accented with numerous higher iieaks, known
as the Cayey Range, extends unbroken from end to end of the island

at a distance of 8 to 15 miles from the south coast. The Luquillo
Range, lying in general nearly parallel to the Cayey, and nearer to

the north coast than the Cayey is to the south, is broken by many
503



506 YEARHOOK OV THE DErAIiTMENT OF AGRICULTURE.

valleys, through which the streams rising on the noith slope of the

Cayey Mountains make tlieir way to the sea. The general level of

tlie Ca^'cy Range is about 2,500 feet above the sea, and its peaks rise

1,000 feet higher, while the eastern peaks of the Luquillo reach a few

hundred feet higher still. Between the two ranges lies what might

be called a mountainous valley, full of sharp ridges, detached peaks,

and deep ravines, with no level lands except a few narrow alluvial

bottoms. Along either coast, however, extending from the foothills

of the mountains to the sea, stretch beautiful plains, gently sloping

to the shore and reaching in width at some points on the south side

to 5 miles and on the north to 3 miles.

SOIL CONDITIONS.

To one of our own countrymen i)erhaps the most wonderful thing in

the island is the depth of the soil on the faces of the steep mountains

and its cultivation to their very peaks. Anything short of a vertical

clitT is considered tillable, and is actually tilled and made i)roductive.

Wliy the mountains are not washed bare bj" the torrential rains, and
why there are few or no landslips except where cuttings are made,

arc puzzling questions. The secret of it may be in the fact that there

is no frost to dislodge the accumulation of the decaying rock on the

mountain sides, and that the great depth of soil and porosit}' of the

underlying rock absorb the rain as fast as it falls; but there is

undoubtedlj- great art in the tillage and judgment in the planting of

these lands so as to secure tlieir i)reservation from erosion. Fortu-

nately, the soil is so rich that very little tillage is required, and in

the coffee districts, especiallj' those of the highest lands, the only

cultivator used is the machete, or short sword, which clears the fields

of the wild growth but leaves the roots alive to help hold the ground.

The Avasto lands of the island are few, but those that do exist could

be made useful by attention to the i^roper means for their improve-

ment, and a scientific study of the adaptabilities of their various

soils. There is not, properly, anj' one soil that is characteristic of the

island. Even the coast lands will show different kinds. ' The coastal

plains are generally rich alluvium. IMany of the plains of the south

coast, especially of the eastern section, have never been cultivated

owing to the lack of rainfall, and one of the greatest benefits to be

conferred upon the island will be the encouragement of irrigation.

DISTRIBUTION OF PRODUCTS.

Conditions of elevation and of soil naturally govern the distribu-

tion of the various agricultural products. The littoral plains are the

hoiiuj of tlio sugar cano wherever it has sutliciont rainfall or can be

irrigated, the cano requiring a large amount of water for its successful

cultivation. Advancing into tho'interior, the growth of coffee begins

at tlio footliills and continues to the tops of the highest mountains,

but its best li;il)itat is at an clcNation of ,^0() to 1,000 fe<>t.
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OBSERVATIONS OF A NATIVE.

The following are some general observations on agriculture by a

gentleman of Puerto Rico who is thoroughly acquainted witli cultiva-

tion in the various sections of the island:

The island, on account of its warm climate and the richness of its various soils,

cf which it has all kinds suited to various cultivations, is in its general character

adapted to agriculture in preference to any other purpose. All the tropical plants

find suitable soil for their growth, though a few of the coast valleys do not yield

to-day what they did a few j'ears ago. Bad cultivation has in a measure exhausted

their exuberance; nevertheless can they, under all systems of sound agriculture,

that is to say, with irrigation, drainage, and scientific methods of fertilization of

soils, compete with any other of the West Indian islands. The plains along the

coast are adapted to sugar cultivation, except in those parts where drought will

not allow anytliing but pasturage. They will also produce excellent tobacco, corn,

bananas, and pineapples. Cocoanut trees line the seashores. In the interior,

besides the growing of coffee, the soil and climate are adapted especially to such

fruits as oranges, lemons, and limes. The banana also flourishes even to the moun-
tain tops. The quality of the oranges is very high, equal to the best Florida

orange, with the great advantage that they ripen much earlier. Excellent oranges

are foiind ripening at Utuado early in August. The orange so far grows entirely

wild, and there are many varieties. It needs the fostering care of American agri-

cultural experiment stations to develop the best kinds of fruit for export. Natu-
rally the early fruit will be most desirable, and a careful development of such
varieties as would ripen in convenient localities in August and September would
be of immense value to the agriculture of the island.

Crops in general on the island begin to ripen much earlier on the coast than in

the mountains. The coffee crop begins ripening along the coast in August and
September, and is all gathered by November, when the crop begins to ripen in the

mountains, where its gathering continues until February. A small amount of

cocoa is produced, but it is not likely to increase very largely, since it does not

yield so well in elevated ground from the level of the sea.

THE LABORERS.

The laborers are mostly white natives in the interior, while those on the coast

are colored, principally on the south and southeast coasts, because of the African

slavery which existed on sugar plantations there.

When freedom came for tue slaves in the year 1873 they entered on their new
condition without any disturbance; and now that America releases a whole people

from enthrallment, which she takes under her safeguard, why not expect still

better conduct, if possible, from the former slaves? Apart from their ignorance
and their unsocial way of living, they are, as laborers, to be considered very good.

During nearly two years of the Cuban war all work was stopped in the island

because the merchants feared to advance money to aid cultivation, and the
ex-slaves patiently, and without troubling in the least the tranquillity of their

neighbors, endured that difficult situation.

The average rate of wages is half a peso, or 50 cents, e(iual to 25 cents .American
money, per day. Laborers on the sugar plantations and in town generally board
themselves. In the coffee plantations they are boarded, that is, houses and food
are given to them.
All laborers in Puerto Rico easily apply themselves to any improvements in labor,

and though they are not strong, they can sustain a long day's work even with
poor and insufficient food. If collected in towns instead of living scattored, as

they now do, no doubt all their habits, including their morals, would be modified
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and improved and the education of their {-hildren facilitated. It would not take a
long period to elevate them in the social scale and make them useful citizens; in

other words, to change the man machine into a civilized true man. The laborers

from the coast can be easily distinguished from those of the interior. They are

stouter and healthier, owing to tlie difference in their feeding and dwellings.

Labor is commonly paid by the day's work in the coffee plantations and in

almost all the agricultural employments. On the coast sugar-cane cultivation is

done by the job, as cane cutting, harvesting, plowing, and all the different labor

required to raise the rich gramineous plant. Only the mechanical part of this

exploitation, which is done in the sugar factories, is paid by the da5\

PRODUCTIONS FOR EXPORT.

The principal productions of the island for exportation are sugar, coffee, tobacco,

and, can be in the near future, such fruits as bananas, pineapples, oranges, lemons,

and limes. Besides these, though of less importance, all kinds of vegetables grow
abundantly, are of excellent quality, and at any season, giving several crops a

year.

The people raise corn, rice, beans, and various kinds of peas and vegetables,

though not in sufficient quantity to provide for their subsistence, and are obliged

to supply their additional requirements in these articles by importations from the

United States. With quick transportation facilities, the people of the island

would probably engage extensively in the cultivation of the more valuable prod-

ucts, as sugar, coffee, tobacco, cocoa, bananas, oranges, lemons, cocoanuts, pine-

apples, and early vegetables, and take from the States the flour, corn, rice, bacon,

salt fish, etc., required as daily food.

BANANA CULTIVATION.

Banana cultivation will be one of the most productive agricultural exploitations.

There are many different kinds of plantains, the banana, the one most usually

brought to the American markets, being the kind which grows best on the

island and yields the most fruit. It requires good soil and little water, for it

brings humidity to the ground, perhaps because of the large leaves sucking the

moisture of the air, which runs through the plant, or because it brings up
the underground deep waters to the surface. Whatever be the cause, the ground
is always moist in a banana plantation, however great the drought.

When planted in new soil the banana does not reciuire any plowing, but it does

when the lands have been much used and have, of course, lost their natural .state

of porosity. When once the soil is ready, holes are made 1 yard in diameter. 2 or

3 yards distant from one another, and about one-half a yard deep. In rich lands

and new lands no fertilizer is required, but otherwise a basketful of some kind is

useful; a sprout is then planted, which in three months" time will grow to 8 and
10 feet high, and nine months or a year after planting, according to the variety,

will yield fruit in the form of a bunch, which will count as many sometimes as

201) bananas. In the first two years the weeds have to be removed, but afterwards

the shade will prevent their growth.

In most places no water is required, but half a dozen irrigations a year will he

enough in the driest lands. Once the plantation is in full growth and producing

condition, it does not require moi'e attention than the cleaning of the jjlants of

their dry leaves and the keeping of all the detritus from the plants well gathered

round the trunk to ftsrtilize it, allowing plenty of space for the new sprouts to

come nut. Sometimes these come in sucli profusion, that the expert laborer has to

e.Ttirp;ite them and only allow a certain numbor to grow up. When the planta-

tion is in full griiwth and production the collecting of the fruit is constant, and
every week the plantation can bo gone through to collect the ripe bunches. As
if nature had provided it, the largest bunches contain fruit of the most delicate
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flavor, with sweetness and fine pulp, and they also are those that keep the l>est,

lasting for many days, thus giving sufficient time for transportation. The dry

leaves and trunks of the planes are useful for paper manufacture. When the

bunch of bananas is ripe the tree or stalk, often 10 inches in diameter and 20 feet

high, is cut down with a single stroke of the machete; the stump dies, but numer-
ous sprouts are ready to take its place and the plantation constantly renews
itself. Many are in good production for a half century or more, and wherever

there is suitable transportation for so heavy a crop it is very profitable. The
trunks are cut in pieces and piled round the tree for fertilizing.

CATTLE RAISING.

This industry is very i)rofitable in the island, as various gi-asses

and nourishing plants grow in profusion, and a good market for the

surplus stock is found in Cuba and other islands. Tlie cattle are of

large size and of a uniform light-red color, and they seem to fatten

easily. The cows are nearly as large as the oxen, but do not yield

milk in proportion to their size. On account of the heat the milk

can only be kept by boiling, and cream and butter are unknown. A
very coarse cheese is made, but otherwise there is very little use of

the milk. Whenever it becomes possible to establish refrigerating

plants a very good local dairy business can be inaugurated. These

cooling plants could be operated by electric power derived from the

abundant waterfalls in the island as soon as capital can be found for

their exploitation.

HOME MARKETS.

The peculiar facilities for manufacturing afforded by an abundant
supply of labor and ample water power will lead to the establishnu^nt

of many factories for working up the productions of the island, such

as cotton, hemp, and other fibers. The husks of cocoanuts are now
shipped to Germany for j^aper making. "Water powers can be con-

structed at a very low cost as comj^ared with those in the United

States, and power can now be transmitted by electricity to a distance

equal to the width or even the length of the island without serious

loss. The establishment of domestic manufactures Avill, of coui-se,

greatly enlarge the home markets for agricultural products.

The attractions of the island for tourists and for health seekers

will add a large population of nonproducers, and will also increase

the home demand for many products. Moreover, as the people of the

island improve in their condition and circumstances they will develop

new and increased wants, as well as the moans for satisfying them,

and the home markets will be largely extended.

LAND OWNERSHIP.

The landownei'S are mainly white people, residents of the towns

during most of the year, but a few owners in some i)arts of the island,

as in the district of Ponce and on the north side, live in Europe.

The landed property is well disti-ibutod, most of it being in small

holdings. Only in the valleys and plains are there numy estates of
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ijreat extent. The owners who live in towns spend a portion of the year

on tlioir plantations, where, during tlie season of gathering the princi-

pal crops, there are numerous entertainments and general festivity.

TRANSPORTATION FACILITIES AND IRRIGATION NEEDED.

Large tracts of land in the interior of the island are practically

Avitliout cultivation on account of the lack of communication. Some
owners have been obliged to give up raising vegetables in the interior

because the prices obtained on the coast would not pay the cost of

transporting them to the markets, which is greater than that of bring-

ing tlicm from Europe or some other distant country. It is safe to

say that three times the present production of coffee can easily be

counted on whenever proper means of communication are established.

Transportation and irrigation are closely connected. As has been

stated, many of the plains of the south coast, especially of the eastern

section, have never been cultivated owing to lack of rainfall, and in

order to irrigate these lands it will be necessary to bring the water

through and under the Cayey Range, since nearly all the large

streams of the island are on its northern slope. A project of this

kind has for many years been in contemplation and several royal

grants have been made for its encouragement. Those who are inter-

ested in promoting better communication have proposed while

bringing the irrigation water through to bring also an electric rail-

road under the mountain in the same tunnel, and in addition to use

the irrigation water after it passes through the tunnel to develop

electric power, as this water will have a descent of a thousand feet to

the sea. This combination of increased production through irriga-

tion with improved transportation by means of this low-grade outlet

for a system of electric roads in the interior of the island, together

with tlie development of power to operate such roads, will cause

increased pro.spcrity everywhere. Many other w\ater powers exist

througliout the island, which can be made available not only for

electric roads but for manufacturing i)urposes.

Tliere are many considerations in favor of the adoption of electric

roads for the island in preference to wagon roads. It is useless to

build roads in the island unless they are thoroughly drained and

macadamized. Ordinary wagon roads, especially in hillj- districts,

whore the rain will follow the wagon tracks in the soft soil, are soon

washed out of all semblance to roads, and enormous expense would

be required to keep them barely passable for ox carts. Good macadam
roads, on tlie other hand, will cost approximately as much as electrio

roads, while the latter, with properly paved gutters, will stand with-

out washing for many years, there being no frost to loosen the soil.

Anotlicr great advautago of a general system of electric tran.sporta-

tion would be that central factories for the production of sugar and

'the preparation of coffee for the market would bo established at con-

V('?ii«"iit i)oiiits, and tlio gatlicring of these ])ro(lu('ts by rail for the
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factoi-ios would be a great econom}'^ for the ijroducers. It is estimated

that the average percentage of juice extracted from tlie cane in Puerto

Rico is not above 54 jDcr cent of the weight of the cane, owing to the

imperfect methods in vogue, while a modern central factory, with the

best machinery, produces from 70 to 80 per cent. In the same way,

sucli a sj^stem would greatly benefit the coffee country. The planter

in the high lands, if he had electric trains running down to the coast,

would send his crop to be treated entirely by machinery with less cost

and better results than now.

FALSE IMPRESSIONS OF THE CLIMATE OF PUERTO RICO.

Many false impressions prevail regarding the climate of Puerto Rico.

The best information indicates that the island is practically out of

the track of the tropical hurricanes, and while such storms occur fre-

quently in the West Indies, Puerto Rico is seldom touched by them.

It is now nearly a quarter of a century since a hurricane has done

any serious damage, and there is practically no more danger in the

island from this cause than there is in the United States. The tem-

pei-ature is uniform, with no sudden changes, and the range from the

highest to the lowest is very narrow. The heat is never so great as

in the cities of the North American coast, ranging from 78° to 90° in

the summer and from 60° to 80° in the winter. In the mountains,

even in the hottest season, the nights are cool and the days comforta-

ble except in the direct rays of the sun at noonday. Delicious breezes

l)low toward the land throughout the day and toward the sea at night.

Even in what is called the rainy season there is scarcely a day with-

out sunshine. In fact, what is called the rainy season is only a season

of showery weather. The rain falls chiefly on the north side of the

Cayey Range, leaving the south slope, especially along the sea, com-

paratively dry, sometimes extremely so. The trees are always green,

as also the grass and vegetation, except in time of prolonged drought.

Among other fallacies about Puerto Rico is one that the climate is so

damp that iron can not be used for construction on account of rust,

but the fact is that iron bridges exist throughout the island, and all

sorts of tools of iron and steel are used, as are many small iron tram-

ways. The air is probably no more damp than it is elsewhere in

equally close proximity to the sea.

PUERTO RICO AS SEEN BY A UNITED STATES WRITER.

The following statements regarding Puerto Rico are from a new
book on Cuba and Puerto Rico, by Mr. Robert T. Hill, of the United

States Geological Survey:

No part of the Antilles is so susceptible of cultivation and diversified farming.

Possessing every variety of tropical landscape, fertile from the mountain tops to

the sea, rich in pasture lands, shaded with beautiful groves of magnificent palms,

moistened by 1,300 streams, with here and there a hot spring, its aij:ricuUural pos-

sibilities are immense. * * * The island is almost entirely free from those
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noxious reptiles and insects which infest the other West Indies. * * * The

natives enumerate twenty-eight medicinal plants, twelve of which are used as

condiments, as many used for dyeing and tanning, eight resinous trees and many
large trees which have edible fruits. * * * The climate, though warm, is more

agreeable and healthful than that of any of the other Antilles. The mortality

does not exceed that of some of the more healthful countries of Europe. * * *

The island has 60 tobacco farms, 240 large cattle farms. oGl large coffee estates,

4,1S4 small coffee farms, 4.333 sugar estates, 4,370 farms devoted to miscellaneous

cultivation, and 10,988 small fruit farms.

NEED OF EXPERIMENT STATIONS.

No country or region is more in need of a s^'stem of official experi-

mentation in agriculture like that of the United States than is Puerto

Rico. There have been two institutions of the kind in the island

under Spanish control, but, owing probably to inefficient management,

nothing of practical value has been developed. Under an efficient

experiment station system every one of the scores of products of the

island could be experimented with and tested, selections and crosses

made, diseases studied and cured, fertilizers tried, and methods of

preservation and transportation devised, whereby, in time, intelli-

gent cultivation and shipment would take the place of haphazard

operations. Natural fertilizers are said to abound in the island, but

so far very little use has been made of them.

As an instance of what Government can do to assist the develop-

ment of agriculture in the Tropics, Mr. Hill, in writing of the island

of Jamaica, which lies in the same latitude as Puerto Rico, a few

hundred miles to the west, says:

A department of gardens and plantations, under capable and experienced men,

has carried on experiments which, while supporting the old, have encoxiraged the

establishment of many new and promising agricultural industries; the Govern-

ment has also promoted the construction of roads and the establishment of rapid

steamship lines to the United States, and the people are now finding a source of

livelihood and profit in products which were formerly disdained.

The Boston Fiuit Company, which has the bulk of the traffic, runs

some fifteen steamers from Jamaica to the United States, and a new

line is to be started for European trade. A valuable trade is l)eing

created also in new potatoes, tomatoes, and other fresh vegetables for

the markets of this country.

THE FUTURE OF PUERTO RICAN FARMING.

Under the new dispensation for Puerto Rico it is not difficult to fore-

cast the probable rapidity of her progress in agriculture. Fast lines

of Hieainers will bo estahli.slied 1o carry the tourist travel, seeking

health and recreation. Capital from this country will develop the

water powers of the island, provide irrigation, buihl ek'ctric railways,

erect central sugar, cofTcc, and tobaccM) factories and warehouses, and

make advances on growing ci-oi)S.

The island will probably continue to draw the bulk of its food

8tai)les from abroad, esp<'('ially no doubt from the United States,



AGRICULTURE IN PUERTO RICO. 513

importing flour, corn, salt fish, and meats, and devoting its whole area

to tropical productions, therel)y securing the best use of its matchless

soil and climate. The dense population promises aljundant lalx^r for

many years, and producers will thus feel secure against outside com-

petition. It ^nll, of course, be no place for laborers from the United

Slates, but for families of moderate means who seek a mild climate

for health or comfort in a countiy where frost will never come to rhin

them, Puerto Rico will be the Mecca. A few acres in fruits or vege-

tables, Avell tended, will furnish an easy support, and whatever extra

labor is needed can always be readily procured. The exports of the

island will be varied and increased by the cultivation of medicinal plants

and condiments, fibrous plants, and many kinds of tropical fruits

not now .shij^ped for the want of the necessary quick transportation.

The location of the island is peculiarlj' favorable for the marketing

of its products. It lies midway between North and South America,

equidistant from New York and Para, which latter is called the Chi-

cago of South America, and it is directly on the route from Central

America to all Europe; every vessel journeying to and from the isth-

mus canal will pass along the south side of the island and have the

opportunity to replenish its stores and take more cargo. The effects

of good government will be seen, too, in the relief from sundry vexa-

tious restrictions heretofore imposed upon trade, and especially from

arbitrary and unlawful port charges and fines imposed upon vessels

for supposed offenses, which have in the past resulted in driving

many lines of vessels from the island.

PRESENT DEPRESSION ACCOUNTED FOR.

The conditions of depression and even distress which now prevail

throughout the greater part of the island (April, 1899) must be consid-

ered temporary and easily remediable by judicious legislation. ]Mr.

Gardner W. Pearson, an American gentleman now residing in the

island, gives the following facts, which account in some measure for

the i:)resent conditions:

The followiug figures on exports from Puerto Rico are taken from the Estadis-

tica General del Comercio Exterior for the year 1897, compiled by the Secretario

del Despacio do Hacienda, and issued as an official document, printed at San Juan:

Exports of Puerto Rico for IS'.n

[Value in pesos.]

Articles.
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The articles given are far the largest products for export, but adding to these all

other products, would make approximately $18,500,000 for total exports, of which,

as shown in the table, about 8,100,000 pesos in value found a market in Spain and
Cuba under tariffs which were made by Spain to favor her colonies.

Since October, 1898, when tlielast Spaniards left Puerto Rico, Spain has regarded

the island as a foreign country and has applied her foreign duties to Puerto Rican

products.

Before October, 1808, the Spanish duty on Puerto Rican coffee was GO pesetas,

e(iual to 12 Spanish dollars, or $8.57 gold per 100 kilos. Since October it has been
raised to ISO pesetas, equal to 2G Spanish dollars, or $18.57 gold per 100 kilos, a
difference of $10 gold per 100 kilos against Puerto Rico. On sugar before October,

1898, the duties were, to colonics, 33.50 pesetas, equal to G.70 Spanish dollars, or

$-1.78 gold per 100 kilos. Since October they have been 82.50 pesetas, equal to

1G.50 Spanish dollars, or $11.78 gold per 100 kilos, a difference of $7 gold against

Puerto Rico. The above duties are substantially prohibitive, so far as Spain is

concerned. The Cuban market has also been affected by recent tariff regulations.

As Spain and Cuba were Puerto Rico's principal markets, taking nearly one-

half her product, she has lost markets to the value of 8,000,000 pesos, and can not

get new markets without reducing the price of her goods greatly. Her coffee

has fallen in price 40 per cent since the summer, and tobacco the same or a greater

percentage.

An additional, and the most serious, cause of the extremely low

jn-ice of coffee is the excess of more than 6,000,000 sacks in this year's

l^roduction in Brazil. This, together with the comparatively short

crop in Puerto Rico, has reduced the income of the island i^Ianters

this year to less than one-third of the nsual amount, lea^dng them in

debt for previous advances and without means to make a new crop.

There is so little capital in the island that planters are unable to bor-

row money on their lands, and numbers of them have been compelled

to discharge the majority of their laborers or even to entirely abandon
cultivation. These laborers have no other resource, no savings and
no credit, and in.stant destitution has followed their discharge.

The Puerto Rican coffee has no market in this country, though in

Euroiie it is considered among the best in the world. If it could

be favorably introduced here, the increased demand would at once

advance its price, which would give new credit to the Puerto Rican
l)lanfers and enable them to resume work.

For the present, the military government, out of the funds in the

island treasury, is providing food for those who are in danger of star-

vation and giving employ nicnt on roads to thousands. This is giving

temporary relief, but can not continue indefinitely, and it is to be

hope<l, th(!r«'f()re, that some method will be found to speedily extend

the markets for Puerto Rican products.
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AGRICULTURAL EXPERIMENTS IN ALASKA.

By C. C. Geokoeson, M. S.,

Special Agent, Office Experiment Stations, in charge of Alaska Investigations.

RESOURCES ENHANCED BY AGRICULTURE.

The reports on Alaska which have been given to the world from lime

to time by several of the Departments of the Government have made
it clear that the Territory has vast and varied resources. Its fisheries,

its mineral deposits, its forest areas, and its fur-bearing animals con-

stitute sources of wealth, any one of which would be sufficient to

attract attention and call out capital for exploitation and develop-

ment. (For Alaska, see map, PI. XXXIX.)
The greatest drawback to the development of all these resources has

been the fact that the Territory has so far had no agriculture. Its

situation, away from populous regions, and its inhospitable climate

have had retarding effects, j^et the chief obstacle is to be found in the

lack of a food supply. The white poijulation of the Territory is

dependent upon the farmers of the States for maintenance, but what
this means can scarcely be realized bj^ those who are not familiar with

the conditions. The fact tliat each of the many thousands of men who
go there, to prospect, for instance, has to carry with him tons of pro-

visions, not onljMucreases the cost of the trip by the expense of trans-

portation of these supplies, but also adds materially to the hardships

and dangers. The cost of board in the camps on the Yukon is some
indication of what the lack of agriculture means in tlie development
of Alaska. In Dawson and other places $2 to $2.50 will pay for only

a frugal meal. It stands to reason that if the means to support life

can bo produced within the boundaries of the Territory all the otlier

resources will become more valuable, inasmuch as they can be worked
at a greatlj" reduced expense for the cost of living of the workers.

Agricultural pursuits would also attract a population from which the

labor market in the mines and other enterprises could bo largely

recruited. Congress is aware of this state of affairs and, with a view
to ascertain what the agricultural possibilities of the Territory are,

appropriations have twice been made for the purpose of investigat-

ing the subject. In 1897, $5,000 was included in the appropriations

of the Department to enable the Secretary of Agriculture to investi-

gate and report to Congress on the agricultural possibilities of Alaska.

The commissioners to whom this investigation was inl rusted found
515
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the sitUcition on the whole more favonihle tluin had been generally

expected, and their rei)ort upon the subject was sufficiently encourag-

ing for Congress to grant another appropriation for a more thorough

investigation of the subject. The supervision of these investigations

was assigned to the Director of the Office of Experiment Stations.

BEGINNING OF EXPERIMENTAL WORK.

The past season's work marks the beginning of experimental work

in Ahiska, and the present X)aper is prepared partly to note this fact,

because of the historical interest it maj'^ hereafter have, and chiefly to

give a brief account of the Avork that has actually been accomplished.

The writer was directed to proceed to the Territory and inaugurate

such preliminarj^ experiments as might be carried out during a single

season under the conditions prevailing there. To this end seeds of a

somewhat extended variety of vegetables and field crops of the kinds

that might be expected to thrive in that latitude were planted at Sitka

and Skagway and the results of their growth noted. It is not claimed

that these results are at all conclusive as to what the coast region will

produce, and much less do they represent the capabilities of the inte-

rior. In other locations, and in less favorable seasons, failures may
follow the efforts which were so successful at Sitka, but the results,

nevertheless, indicate that Alaska has agricultural possibilities, and

that they are much greater than has been generally supposed. It

should be stated that hardy vegetables have been raised quite success-

fully for years past, not only at Sitka, but at nearly every settlement

along the coast. The facts concerning tlieir growth, however, lack

the substantiation of a thorough test, and are more or less traditional.

EXPERIMENTS WITH VEGF-TAKLES.

Sitka was reached by the middle of May and steps were at once

taken to secure suitable ground for the experiments. The ground

which was found available consisted of scattered patches, only one of

which was really in proper condition for cultivation. This was the

garden of the Hon. John G. Brady, governor of the Territory. Others

were either new land, too raw for successful growth of cultivated

crops, or old ground which liad been in grass for several years, the

sod on which liad to be reduced in order to put tlie ground in condi-

tion f<n* cultivation.

All of the seeds were planted between May IS and 25. These dates

seem late, especially for the grains, but as a matter of fact the season

was ])ackward and seed (jould not have been planted earlier. Tlio list

compris<'d the following veg<'tabl('s: Asi)aragus, wax beans (3 varie-

ties), beets (.*} varieties), cabl)ag<' (t) varieties), cauliflower {2 varieties),

carrots {2 varieties), cress, kale, kohl-rabi, lettuce (3 varieties), mus-

tard, onions H varieties), parsley, i)arsuips, jx'as (1.') varieties), rad-

ishes (4 varieties), ruta-bagas (3 varieties), rhubarb, salsify, spinach,
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sage, tlijMiie, turiii{)s (;} vurieties), and Windsor beans. All these

varieties made excellent growth and produced vegetables that would
compare favoi-ably with the products of gardens almost anj-where in

the States. The peas were especially prolific, the vines growing to

large size and giving every indication of being well suited to the scnl

and climate. In like manner the turnips, radishes, parsnips, parsley,

and salsify made excellent growth and produced roots as good as can
be found anywhere. The wax beans did not do well; their growth
was slow and rather sickl}', and while they bloomed and produced
pods, they can not be called a success. Windsor beans {Vicia faba)
grew remarkabl}' well and produced a good crop of pods, indicating

that this (!lass of beans can take the place of the wax beans if the

latter prove a failure. The cabbage and cauliflower were seeded too

late for the best results, but grew with sufficient vigor to prove there

was nothing in the conditions to prevent the production of good heads.

The early varieties produced solid though small heads by the end of

September. The Scotch kale grew remarkably well, producing large,

bushy plants with a wealth of crisp green leaves. Turnips and ruta-

bagas seem to be particularly well adapted to the soil and climate of

Alaska. Not only did tho.se grown at both Sitka and Skagway in this

test do well, but reports covering all of the coast region and several

places in the interior indicate that turnips are a favorite vegetable

with Alaska gardeners because of their rapid growth, the large size

attained, and their excellent flavor. Turnips weighing over 5 pounds,

and even as much as 10 pounds, are, according to reports, occasionally

produced. Potatoes, in like manner, were a decided success, both at

Sitka and at Skagway, and this is true, also, of all southeast Alaska.

Tubers weighing a i)ound or more are frequently produced. In the

soutlieastei-n region they are generally dry and mealy and of good
flavor, but at the mouth of the Yukon and in the interior, reports

state that the}' are generally soggy and frequently fail to mature prop-

erly. Onions did well, but were in no way extraordinary, and the

same may be said of the beets. The spinach came nearer being a
failure than anything else; the growth was i>oor and sickly and the

plants showed a tendency to produce seed prematurely, vicious,

cucumbers, tomatoes, and similar tender vegetables were not tried,

but the writer saw cucumbers about G inches long in a garden in

Skagway, September 11).

This test indicates that hardy vegetables can be grown with great

success at Sitka and at places similarly situated as to climate and
soil. As stated, the same vegetables were also grown at Skagway with

similar results, exce[)t that the growth in some cases was not (juite

so vigorous. The conditions here were peculiarly adverse. The
ground was new and raw, and had probably not been exposed to the

raysof the sun for centuries. It was covered with moss, rotteii wood,

and similar vegetable debris which had never been removed, and it
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was found lliai on being cleared in the latter part of May it was still

frozen under the deep covering of moss. That the vegetables referred

to were successfully grown under these conditions is certainly remark-

able.

EXPERIMENTS WITH CEREALS, FORAGE PLANTS, AND FLAX.

The test in which interest chiefly centers, however, is that of the

grains and forage jDlants, for no region can be called an agricultural

country unless it can produce the grain and forage plants which are

needed to support man and beast. Oats and barley compi-ising the

following varieties were grown both at Sitka and at Skagway with

most gratifying results. The varieties of oats were White Russian,

Improved Ligowa, AVhite Wonder, Duppaur (seed from Norway), and

two unnamed Russian varieties from Province Perm. The AVhite

Russian and Improved Ligowa were sown broadcast and in rows 18

inches apart. In both situations the growth was most excellent and

seed matured before the end of September. There was not seed

enough of the foreign varieties to sow broadcast, and they were there-

fore sown in rows but with the same result. Thej" grew to a height

of nearly 5 feet and produced large i^anicles filled with plump, heavy

grain, which matured perfectly.

Of the barley, were grown French Chevalier, INIanshury, Champion

of Vermont, Bjorneby (seed from Norway), and two unnamed Rus-

sian varieties from Province Perm. The results were the same as in

the case of the oats. The growth was excellent. They matured seed

by the middle of September. It should be stated, however, that both

barley and oats seeded on new, iioorly-drained land were a failure.

This demonstrates that the soil must be put in proper condition by

drainage and aeration before it can produce cultivated crops.

Of forage i)lants, were seeded the red, mammoth, Alsike, and white

clovers. Norwegian seed was also nsed for the first and the last two

varieties named. Timothy and hairy vetch were also seeded. All

the forage plants made good growth, the clovers being especially vig-

orous. Some of the red clover measured over 2 feet in length by the

beginning of Septembei-.

Besides these, some Riga flax for fiber was sown in several patches

at Sitka, both on old and on new land. On the new land the flax was

a failure, but on the old ground it grew with a vigor that is equaled

only under especially favorable conditions. Much of the straw was

more than a yard high, and though it was somewhat coarse and

uneven, the fiber was, nevertheless, strong, and gave i^romise of bet-

ter results on better prepared ground. The oats, l)arley, flax, i>ola-

toes, and forage plants are represented in PI. XL.

Wliile it is true these tests represent but a single season's growth

at only two places on the coast, namely, Sitka and Skagway, and that

there is, therefore, a possibility that other seasons and other places

may prove unfnvorablo and cause failures, it should also be borne in
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Fig. 2. -Silo belonging to Baptist Orphanage. Wood Island, Alaska.
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mind that there is apparently little dilTerence hi the climate of the

entire coast region from Wrangell to Unalaska, and that, as far as the

climatic conditions are concerned, what will grow in one place seems

likelj' to grow also in other places along the coast. Although it

would bo unwise to build too great hopes on this showing, it is at

least sufficient to warrant still further and more thoroughgoing

exxDeriments.

EXPERIENCE OF RESIDENT GROWERS.

Grain and forage i^lants have not been tested with sufficient care

elsewhere in the Territory to warrant a positive statement that they

will gi'ow there, but vegetables and in some i)laces berrj'' plants have

been tested more or less carefully at nearly every settlement in Alaska,

and, to indicate what success growers have achieved, brief quotations

^rom a few of the reports received on this subject are made.

From Wrangell, S, S. Crittenden writes:

This section is the natural home of the berry—strawberries, raspberries (black

and red) , currants, etc.—except the blackberry, which I have never grown success-

fully. Most of the wild berries are insipid, but the cultivated varieties are of

splendid size and flavor. From a raspberry patch 75 feet square, of the red

variety, I have sold $20 worth per week at 25 cents per quart. These bushes grew
from 10 to 14 feet in height. The berries ripened about August 5 and lasted from
five to six weelvS. * * * Lettuce and radishes grown here would be a revelation

to the Easterner for crisp tenderness. Rapid growth enables me to grow four

crops each season on the same piece of ground.

J, II. Stevens writes from Juneau:

I have grown the following vegetables successfully this season, namely: Lettuce,

radishes, beets, carrots, parsnips, ruta-bagas, turnips, cabbage, cauliflower, pota-

toes, onions, celery, parsley, and kale. * * * All varieties of radishes do splen-

didly. Some kinds are marketable in from twenty to thirty days. I have grown
four successive crops on the same piece of ground this season. * * * Onions

grown from seed were splendid and in great demand, but of value only as green

onions. Sets do equally well and sell very readily, but are inclined to get strong

with age. Celery, with a little care and protection, can be grown successfully.

I grew some fine stalks, but did not bleach it properly, as I did not understand

how to manage it. Kale grows to enormous size where the soil is rich, and it

is of sjilondid flavor. My customers say that all kinds of vegetables grown here

are superior in flavor and tenderness to any they have ever eaten in any country,

and I believe this is true. Pieplant and horse-radish are thrifty and tender here

with the same cultivation as in Oregon.

Eugene R. Bogart, of Kenai, writes as follows:

At Kenai, 10 miles north of Kussiloff, gardens can bo seen, with poas, cabbage,

tomatoes, turnips, ruta-bagas, radishes, lettuce, celery, beets, onions, and hills

of potatoes, covering in all several acres. There never has been any trouble in

raising garden truck at this place, the main difficulty being the poverty of the

people and also the getting of seed to plant. * * * At Niuilchik, a village mid-

way between Kussiloff and Anchor Point, are at lea.st 20 acres under cultivation.

The principal products are potatoes, turnips, cabbage, and lettuce, but ail kinds of

vegetables have been raised there.
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Anderson Brothers write from Pearl Island, at tlie entrance to

Cook Inlet, and incidentally mention the efforts at gardening by the

natives:

The natives, seeing us raising potatoes and other vegetables, started in to raise

some themselves, with surprising results. The implement they use in working

the ground is generally a biirrel stave or other stick of wood. This year most of

them have a little garden, but our garden seed did not reach to all. The turnip is

held the most easily raised of all garden products. They often grow to the size of

a dinner plate in circumference. The native is a willing gardener. They have

found that vegetables, along with salmon, save the flour sack a great deal. The

commercial seeds found in this country are very unreliable, and if the Department

would distribute some seed among the natives, I do not doubt that they would be

thoroughlj- tested. We plant potatoes in May and harvest them the latter part of

September or the beginning of October, according to the season. One box of

seed potatoes will produce four boxes of as large potatoes as any raised in Cali-

fornia and one box of small, immature potatoes.

Rev. V. V. Modestoff writes from Nushagak, a missionary station

on Bristol Bay, an arm of Bering Sea:

In regard to gardening, here can be raised potatoes, cabbage, turnips, radishes,

lettuce, peas, and carrots. We plant in the early part of June and gather the

crops about the middle of September.

Rev. A. E. Carlson, of Unalaklik, a missionary station on Norton

Sound, north of the mouth of the Yukon, writes:

We have for a number of years kept a garden at this place. Potatoes, turnips,

carrots, cabbage, radishes, and green peas are doing very n'ce^.y on sandy soil.

The last days of May or beginning of .June is generally the time for seed sowing or

planting, and the harvest time commences about September 20.

Father Crimont, superintendent of Holy Cross Mission, on the

Yukon, some 300 miles from its mouth, writes as follows:

Our experience of eight or ten j-ears has proven to us tha*^^ agriculture in AlavSka

is not at all impossible. With very limited means our gardens have steadily

improved, and this year our potato yield Avas 189 bushels to the acre, notwith-

standing the unfavorable weather and the lateness of the planting—June 1. As a

rule, however, our vegetables do not fully ripen, from the shortness of the season.

Wo are confident, though, of gaining two weeks next spring by sowing wood

ashes over the surface of the snow in the beginning of May. We tried it this last

spring with satisfaction. Our crop this year was as follows: Potatoes, Early

Rose, very plentiftil, though small from want of time and being planted too

thick; the largest weighed 18 ounces. Turnips, Yellow Globe, .sown broadcast

in new garden on half-broken ground; they did well ; the largest weighed .'>*

pounds. Rutabagas did better this year than last, having been planted \2 to 15

inches apart ; the largest weighed 2 to ;{ ])Ounds. Cabbage, Large Drumhead

and Early Wakefield, were satisfactory. Cauliflower was only fair this season;

too wet. Beets, poor; all went to seed. Carrots, Danvors, did better than ever.

Celery, parsley, rhubarb, and lettuce all did well. Onions wore very small. We
have never tried settings.

OBSERVATIONS ON CATTLE RAISING.

Cattle wore iiilrodnccd by tlio Russians in their various settle-

ments, and according to reports they always did wtdl. It is certainly
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a fact that the cattle which are now found at tlie little towns along

the coast look well during the summer while on pasture, and they

appear to have become adajjted to the climate. Family cows are kept

by many of the white settlers, and one or more dairymen may also be

found at nearly every town. The writer took occasion to examine

these cattle wherever it was possible, and to look into the methods

and cost of feeding. Grades of various breeds were represented. At
Juneau the shorthorn type predominated; at Sitka, high-grade Jer-

seys; while at Kadiak and in the Cook Inlet region IIolstein-Friesian

grades were most common, with a sprinkling of some small dun-

colored cattle with upright horns, said to be of Siberian origin and to

be a remnant of the cattle kept by the Russians during their occu-

pancy. The dairy cattle at Wrangell and Juneau, kept with a view

to selling milk, were, during the summer, fed bran and other concen-

trated foods shipped up from Puget Sound ports, in addition to the

natural i^asture, and in winter the haj^ they ate was also shipped up

from the States. But family cows, as well as beef cattle, were gen-

erally kept on native or wild-grass pasture exclusively in summer,

and in winter on ensilage or hay made from native grasses.

CONDITIONS FOR CATTLE RAISING ALONG THE COAST.

The excellent condition of the cattle bore evidence to the nutritious

quality of the indigenous grasses. On this point it is of interest to

quote from reports made to the writer by men from various parts of

the Territoi-y who have had experience in cattle raising.

VV. W. Warne, of Haines, says:

In stock raising I have had all the way from one to nine h?ad at a time. There

has ahva5'S been an abundance of excellent feed along the beach and in the brnsh,

so that for just about six months, say from May 1 to November 1, the cattle have

been able to pick their own living and grow as fat as butter. In the fall, when the

wild pea is ripe (of which the country is full), some of my cattle will not touch

bran or other grain I oii'er them. My cows have always been good milkers,

whether from breed or feed I can not say. They are mostly shorthorn. For

butter they do not do so very well. We usually butcher every year, and the beef,

if anything, is too fat, and without exception the finest I ever ate. I do not pre-

tend to feed preparatory to butchering, as I consider the wild pea sufficient grain.

Rev. Albin Johnson, of Yakutat, .says:

Cattle thrive, grow fast, and do wonderfully well here, and produce first-class

beef. We keep six head of them. Feed is abundant. But there is one difficulty

in connection with stock raising, and that is to cure hay for wintering them,

because of the heavy rainfall. However, even this problemu can be solved.

* * * We never buy anything in the line of hay or feed for our cattle. We
make hay enough to last them through the long winter. We dry it by hanging

it up on long poles, one above another, up to 12 tiers high, putting it from 1 to 2

feet thick. The last tier makes the roof for it.

Rev. Ivan Bortnovsk}', from Kenai, says:

In regard to stock raising. I can say from experience that my cattle are in a

splendid condition, healthy, and, from feed which is obtained in this neighborhood,
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as plump as cattle which are stall fed in other localities. Alfalfa, timothy, and

oat hay can be grown here with great success. Barley, wheat, and other grain

hay. from the shortness of the season and the abundant rainfall, become coarse,

so cattle will not eat it.

Mr. A, S. Tibbey, of Coal Harbor, makes the following statement:

We have made hay from the same land year after year for twelve years, and

never planted any grain, as the native grass has grown on the ground from which

we make the hay without our aid. In making hay we cut it, then spread it out

to dry, and the next day take it into the barn perfectly cured, and it keeps all

winter. * * * From an experience of twelve j-ears I think the country adapted

for stock raising. Grass and water is abundant, and in winter the dry grass seems

to retain its nutriment, as all the stock we have had seem to enjoy it. The snow
does not lie on the ground for any length of time, and cattle can pick up most of

their feed all winter.

Mr. L. R. Woodward, United States commissioner at Unalaska,

writes as follows:

I have cured and put up from 5 to 10 tons of the wild grass for hay here the last

three years, as I had a cow to feed and care for. The hay was very good, and my
cow did well on it. The difificulty I found was getting the hay cured, as it rained

so much during the summer. I succeeded in making ensilage quite well. For

eight months in the year this is a good grazing country, as cattle will live that

time without feed, and some years they would live most all the year without

feeding. Sheep and hogs do well here also. I am much interested in the agri-

cultural development of the country.

Tlie above quotations are sufficient to indicate what the conditions

are at the points named along the coast.

Kadiak and neighboring Islands, and, in fact, the entire region from

Kadiak westward, would seem to be especially well adapted to stock

raising. It is sparsely wooded and covered with a wealth of grass,

and in some favorable positions cattle may run out the year around.

AVhilo the writer was engaged in surveying land for a station at

Kadiak the Alaska Commercial Company's schooner St. Paul brouglit

in some carcasses of cattle which had been shot on a neighl)oring

island, where, it was stated, ihoy had been running without the care

of man for eight years, and liad increased 400 per cent. Capt. F. F.

Feeney owns a ranch near Kadiak, on which lie had at the time of

the writer's visit a lierd of 42 head of cattle. The barn on this ranch

and u portion of the herd are shown in PI. XLI. They wore in splendid

condition, and were fed nothing but native pasture.

A rnoni.KM in cattlk n.visiNo.

'l he chief drawback to cattle raising in the coast region of Alaska

is the difliculty of curing hay by rea.son of the frequent rains. The
method of drying it on poles, referred to in the foregoing, requires

much labor, and is scarcely practical)le on a largo scale. The silo

l)r()iiiiscs, however, to afford a satisfactory solution of this problem.

So far as fair trials have been made in ensilage making, the indica-

tion.s ai-e tliat the native grasses can be preserved succossftilly for
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winter use in tlio silo. The stock raisers on tlie coast region arc so

generally impressed with the feasibility of circumventing the rains

and utilizing the native forage by this means that no less tlian four

silos were building this summer at as many different places. How
far it will be feasible to introduce cultivated forage plants is one of

the problems that will receive early attention in the contemplated

experiments.

LOCATION OF EXPERIMENT STATIONS.

Pursuant to instructions, the writer also surveyed land at Sitka,

Kadiak, and Kenai, on the Kenai Peninsula, for experiment stations.

Each of these regions has characteristics which in some respects dif-

ferentiate it from the others. The conditions at Sitka practically

represent all the heavily timbered region of southeastern Alaska,

with its deep moss and peaty soil. At Kadiak the climate appeal's to

be somewhat cooler and the soil less peaty, while in the Kenai Penin-

sula there is a large area of agricultural land inside the coast range

which presents favorable conditions for cropping, although it lies

north of the sixtieth parallel.

At Sitka the station comprises 110 acres and at Kadiak 160 acres.

Both of these tracts have been reserved by Executive order. At
Kenai a tract of 320 acres has been survej^ed and recommended for

reservation. Experiments at these i)laces will be undertaken as soon

as possible. It has been decided to locate headquarters at Sitka and

for the present to make this the main station. At Kadiak and Kenai

it is proposed to clear and prepare for cultivation only as much land

as may be necessary to make a thorough test of the field and garden

crops which can be grown at these places. The plan of experiments

which has so far been outlined comprises the cost of clearing, drain-

ing, liming, and otherwise improving the land for cultivation; the test

of hardy varieties of grain and forage crops, with a view to ascertain

which can be recommended for the region. The possibilities of flax

culture and the development of the flax industry is also to be looked

into, as well as the testing of vegetables, the propagation and culture

of small fruits, and the propagation and culture of hardy fruits, such

as the apple, plum, and cheri-y. "With live stock, a test will be made
looking to the economic production of beef, i)ork, and dair}' products,

and an effort will be made to ascertain which of tlie liardier breeds of

poultry are best adapted to the country, all of which it is hoped will

be of practical benefit to settlers.

FARMING AN AID TO BOTH SETTLERS AND NATIVKS.

The efforts which the Department of Agriculture is making to

develop agriculture in Alaska will not only help incoming settlers, but

will also be of groat assistance to the native population. Tlic con-

dition of man}' native setlements is becoming more precarious year
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by year. As the canneries increase in number and favorite fishing

grounds are exploited by cannery boats, they can no longer catch

their winter supply of fiish with the ease they formerly could. The

sea otter and seal, which have until recently been an important source

of income to the native hunters, are reduced in number almost to the

point of extinction, and with the advent of the prospectors and the

professional hunter, even the large game and the fur-bearing land

animals are rapidly diminishing in number. As these sources of live-

lihood become more and more depleted, the natives will be compelled

either to appeal to the Government for aid or starve.. The danger is

a real one, and decisive steps should be taken to prevent this result.

The only practicable remedy would seem to be to encourage the

natives to cultivate the soil for at least a part of their living. The

transition will not come easy to them, for they are not inclined in that

direction by nature, but much can undoubtedly be done by gradual

and persistent effort. As a beginning in this direction, seeds of hardy

vegetables and grains will be distributed among the natives, and the

cooperation of missionaries and other well-disposed white settlers

will be secured to aitl them in learning the successful practice of

asrriculture.



CYCLONES, HURRICANES, AND TORNADOES.

By F. H. BiGELOW,

Professor of Meteorology, Weather Bureau.

ORIGIN AND CHARACTERISTICS OF THE THREE CLASSES OF STORMS,

Storms are divided into three classes, cyclones, hurricanes, and tor-

nadoes, depending upon certain characteristics which will be discussed

briefly in this paper. The ordinary stoi-nis that move over the United

States are cyclones, and they come from the northwest or from the

southwest, but in either case they usually pass off toward the Gulf

of St. Lawrence. Cyclones occur at all seasons of the year, and thej'

are much more vigorous in the winter than in the summer. The hur-

ricanes never come from the northwest, rarely from the southwest,

but they usually enter the United States from the south or southeast.

They originate in the eastern parts of the Caribbean Sea, travel by a

curved track northwestward at first, gradually changing more to the

northward and northeastward in the Gulf and Atlantic States, till

they, too, join the great path in New England b}' which storms leave

this country. Hurricanes occur in the late summer or early autumn,

from July to October in this part of the world, and they are very vio-

lent, the wind reaching GO to 80 miles an hour in the central portions

of them, so that they are usually destructive to the cities and towns

visited by them. Tornadoes are much smaller in size, and even more

dangerous than the hurricanes. Cyclones may be 1,000 miles in diam-

eter, hurricanes somewhat less, saj^ GOO or 800 miles, while a torna<lo

is only a mile or so broad at the top and very much less at the bottom.

The tornadoes of the United States occur most frequently in the ]\Iis-

sissippi and the Ohio valleys, though there are few States east of the

Rocky Mountains which do not receive occasional visits from them.

They form in all parts of the temperate zones under different aspects,

being known at sea as waterspouts, in deserts as sand storms. Small

tornadoes are called fair-weather whirlwinds when they happen in

fair weather on the lakes or on land under suitable conditions; white

squalls in a dry atmosphere, only a small white cloud high up l)eing

visible. Bull's-eye squalls, which occur near the wi'st const of Africa,

are quite similar in origin U) tlie white s^iualls. A family of tornadoes

may be produced at the same time, coming down from the same cloud,

as many as fifteen tubes having been observed at (^mce. Spouts are

sometimes noted in clear and calm weather, when tlu'V ai-e apt to

be very small. Generally in this country tornadoes are formed in

525



526 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

the southeastern quadrant of a cycloue, and they move forward with

about the same speed as the larger storm. It may be noted here

that there are manj^ minor whirls in the cloud region which have a

gyratory motion, and that these are perhaps the first stages of the

developments likely to grow into movements of large dimensions.

APPEARANCE OF THE DIFFERENT TYPES OF STORMS.

The appearances of tlie different tj'pes of storms are such as to

clearly distinguish them from one another. The weather map issued

daily by the United States Weather Bureau has sets of lines which

inclose different kinds of areas of barometric pressure. The encir-

cling lines are about i^arallel to one another, though many irregulari-

ties distort them and make them different in shape from circles.

Some of these lines inclose areas of high pressure, as indicated by the

barometer readings, and others low-pressure areas. The former are

called anticyclones, because the wind blows out of them and circu-

lates in the direction of the motion of the hands of a watch, thus

making an outwardly directed spiral X)ath. The latter are called

cyclones, and the wind blows toward and around the center in the

opposite direction to the motion of the hands of a watch, producing

inward spirals. Evidently the air coming from the anticyclone must

haA^e a downward motion toward the ground to supplj- tlie place of

that which flows away on all sides, while that entering the cyclone

must have an upward movement to carry off the air entering the

inclosing curves or isobars, as the lines of equal pressure are called.

MOVEMENT OF THE AIR AND APPEARANCE OF THE SKY.

Tlio downward and upward movement of the air over the high and

low areas, resijectivcly, has very much to do with the appearance of

the sky, for it is known from physical laws that air which moves

downward grows Avarmer by compression, and that therefore any

cloudy masses in the higher strata would disappear in the lower,

because as air is heated it requires more aqueous vapor to saturate

it. If the air rises, it cools by expansion, and can contain less vapor

in the saturated state, so that the result is to form clouds and rain in

the low-pressure are.is. The reason cyclones arc popularly spoken of

as storms is because the precipitation usually occurs in them, while

at the same time the wind is stronger than in the anticyclones.

A survey of the u])per currents in the atmosphere, which can be

made l)y studying carefull}- the movements of the clouds, shows that,

while the structure of the circulation of the air is not very simple,

yet it can properly bo divided into two principal layers. The upper

layer, cmbmcing tlie strata from '.] mih-s above the ground to G or 7

miles high, includes several types of clouds peculiar to it, the alto

stratus, alto cumulus, the cirro stratus, cirro cumulus, and the cirrus.

The lower 3 milescontain the stratus, cumulus, and thestrato-cumulus
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cloud foi-ms. All stratus clouds have a continuous, sheet-like appear-

ance, and all the cumulus a rounded shape, like the backs of a flock

of sheep huddled together; hence, it is easy to distinguish the cur-

rents of air in the upper and the lower region. It has been shown by

the cloud observations that the strata of the upper and the lower lay-

ers of the air have very different kinds of motions over the United

States. The upper levels move almost directly to the eastward at a

great rate of speed, like a steady river flowing onward with but little

to disturb its majestic current. The rate of motion increases upward

with the height to 80 or 90 miles per hour in the cirrus level, that is,

G miles high, each layer going faster than the one just beneath it.

Hence, it can be readily inferred that there is a strong force acting to

brush eastward any masses of air which are thrust upward into this

region, and therefore all rising heated air, or the vapors which are

driven uj) by whirling motions, are soon thrown toward the east like

a column of smoke rising up into a strong current of wind. The con-

sequence of this operation is to cause the clouds to overhang the east-

ern side of a cyclone rather than the western; thus, the observer many
miles to the east of a storm sees the premonitory fljnng cirrus clouds

before the storm proper arrives, and in this way the clouds may be

utilized as harbingers to forecast the coming of a cyclone. A fur-

ther study of these upper cloud masses shows that the forerunners

succeed each other in quite a definite order. The cirrus and cirro

stratus come first, the cirro cumulus next, and these are lower down
by a mile, more or less; after these the alto cumulus and alto stratus,

the clouds now becoming much more dense and continuous in their

formation. The}* now form still lower, and the rain types set in

—

cumulus, cumulo nimbus, and nimbus—which are within a mile or two

of the surface, and cover the central portions of the storm. Thus, it

can be seen that the clouds, taken as a whole, form a shai^e much like

a saucer looked at from beneath, the edges being higher than the

central i)ortions. In the rifts occurring within the thick masses of

clouds near the center it is sometimes possible to make out two or

three layers over each other at the proper elevations. On the western

side of the cyclone the cloud banks end much more abrui^tly than on

the eastern, the upper currents serving to sweep them toward the

middle on the west side and away from it on the east side.

The upper currents are slightly deflected from the true eastward

drift, flowing in gently sinuous lines, southward from a high area to

a low area, and northward from a low area to a high area. These

curvatures increase gradually in depth, from the cirrus to the alto

cumulus, and in the strato cumulus, 2 miles high, they are very pro-

nounced, the rotating tendency here beginning to control the circula-

tion. From the cumulus to the ground the anticyclonic and the

cyclonic gyrations are fully developed, and in the lower 2 miles the

air moves about centers, producing the high and the low pressures at
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tlio surface. It is interesting to note that from the ground upward to

2 miles the air moves in great eircuhiting streams, luiving greater

velocities as the lieiglit increases. The steady eastward movement in

the upper levels is replaced by a confused set of currents squirming

about among themselves, cold streams from the north, warm streams

from the south, seeking to reduce their differing temperatures to the

mean temperature of equilibrium. These streams are thousands of

miles in length, say from the north Pacific coast to the Lakes, and
from the Gulf of Mexico to the same region, Avhere they produce a

whirling or cyclonic action by their meeting together in a counterflow.

At the same time this gyration takes on the laws of v^ortex motion and
discharges the accumulating air upward into the great eastward drift.

This addition of a circulating rotation to the straight eastward cur-

rent causes the deflection alluded to, which is observed as a sinuous

movement diminishing with the altitude till in the cirrus it is of but

little importance. This counterflow of adjacent currents, alternately

from the southwest and northwest, causes the formation of successive

high and low areas of pressure by the operation of a deflecting force,

due to the motion of the air over the surface of the rotating earth, so

that a current moving north crowds eastward and a current moving
south bends westward. It will be easily perceived that alternate cur-

rents from opposite directions thus heap up together on one side and

pull apart on the other, forming in the first ease a high area and in

the second a low area. Around these the anticyclonic and the cyclonic

movements take place, respectively, drawing down the upiJcr air and
thrusting it toward the ground, accomi)anied by a clear sky in the

first case, l)ut upward with cloudiness in the second case.

SOURCE OF ENERGY OF STORMS.

It has commonly been sui^posed by meteorologists, and the theory

lias been widely received, that the heated air of the Tropics risec

near the equator, flows in the upper strata toward the poles, and

then descends in the arctic regions to complete its circuit near the

ground toward the equator. Now, while there is some truth in this

view, yet the cloud observations give almost no evidence in support

of this overflow poleward in the upper strata, a fact Avhi(!h is in

striking contrast to the re<iuirements of the theory. On the other

hand the interchange of polar and tropic air, cold and heated masses,

seems to be almost exclusively confined to the lower 'i miles of the

atmosphere, and it certainly does not involve the upper laj'ers to any
imjM)rtant extent. The solar radiation expends most of its energy in

these lower 3 miles, because there the air has greater density, and

also tlie vai)or contents are to a large percentage contained in this

stratum, 'i'he consequence is that there exists a somewhat lawless

int«'rchange of warm and cold air in the lower stratum, with long

currents of air having their bases in the Tropics and the polar zones,
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respectively, which meet in the middle latitudes of tlie United States,

and by their conflict and the laws of disturbed cfiuilibrium generate

the very confused and stormy circulation so characteristic of tliis

country. It is not easy to distijiguish clearly the dividing line

between the general circulation of the air and these local cyclones,

since both go on simultaneous! 3' and gradually merge into one another;

but it is plain enough that the real source of the power expended in

storms comes chiefly from this source, namely, the unequal heating

of the lower atmosphere by the sun shining on the Tropics. Hence,

a current of air from the Troi)ics may be impelled onward by its

general gradients for days at a time, and another from the northwest

may be sustained bj' its independent gradients. Tliese must meet
each other, form a cyclone with true vortex motion and an uplifting

current in the center, which raises the moisture-bearing air to the

point of cold suitable for saturation, when the rainfall occurs. This

may continue for days, as long as the distant supply continues to flow

onward. At the same time the upward thrust of this air into the

eastward-drifting upper strata, entangles the storm with it, and this

produces the onward motion of the storms across the United States.

FEATURES OF CYCLONES.

Cyclones do not have any local source of heat that will account for

their vast ranges of operations; thej' are often very cold on one side

and warm on the other side; they do not derive much of their energy
from condensation of vapor into rain, because many dry cyclones,

fully formed and deep, are seen to pass from the Pacific to the Atlantic

coasts with almost no precipitation; there is much rain with a cyclone

in the Gulf States, because the tropical streams of air are there highly

charged with moisture, the rain being very largely a product and not

a cause; also, heavy and widely extended rains occur under other

conditions without any important cyclonic action. The proper study
for the meteorologist is therefore the behavior of these extensive

independent streams of warm and cold air in their counterflow. Also,

it should be remembered that the closed isobars, circular or roughly
elliptical at the surface, lose their closed character within 2 miles of

the ground, pass into sinuous curves, and finally straighten out into

lines quite nearly coinciding with the p.arallels of latitude. There is

no special source of enei-gy above a storm, within these 2 miles, to be
discovered by special observations, and the movements of the air in

this lower laj'er are the same in direction above as below, though
somewhat more raj^id and rounded in their curvatures above than at

the ground. A complete knowledge of conditions observed at the

surface, or visible from it, comprises all the information that will be
available in the practical discussion and forecasts of storms, except

for the more sti-ictly scientific problems involved in the subject.

1 a98 ;u



530 YEAKDOOK OF THE DEPARTMENT OF AGRICULTURE.

FEATURES OF HURRICANES.

As already mentioned, hnrricanes occur iu the southeastern parts

of the United States and adjacent waters during the season of the

year when the cooling of the northern hemisphere takes place, as the

sun retreats toward the southern hemisphere. At this season the calm

belt of the tropics and the heated, moist condition of the air in the

region known as the doldrums are at their farthest northern limit.

The South Atlantic permanent anticyclone, which lies over the sub-

tropical ocean, is in its fullest vigor. Now, superposed up<m these

states of the lower atmosphere, the colder temperatures of the upper

atmosphere, caused bj- the approaching autumn, on account of the more
rapid circulation higher up, overspread the tropic strata near the sur-

face. As the polar air cools first, it flows gradually above the warmer
air at the south of it near the ground and covers it with a circulating

sheet of temperature cool or low for the time of j'ear. The effect

of all this is to niake the atmosphere unstable, that is to say, too

warm at the bottom compared with that above it to be able to main-

tain the usual equilibrium. The tendency is therefore for the lower

air to rise vigorously, and burst its way upward by convection, in

order that the normal equilibrium may be restored. Of couse, this

action is favorable to the formation of cyclonic gyrations and the

development of severe storms. Hurricanes seem to generate in some

such way as this, though our observations are as yet inconclusive on

that point, since there is always observed to be a stagnant, warm con-

dition over the ocean at the time the incipient cj'clonic action begins.

It is to be especially considered that the isotherms in hurricanes do

not show any very decided differences in temperature on opposite

sides of the center, such as always prevails in the cyclones of the

north. There are no counter-flowing currents here, and no source is

known from which these can aiise iu the equatorial region to produce

the marked temperature gradients found in cyclones. Furthermore,

hurricanes are much more circular in shape, and conform more exactly

to the pure theory- of cyclones, as deriveil from mathenuitieal analysis.

There is another feature of great interest to bo considered. It was

stated tliat in the case of common cyclones, even tliose having very

great strength, the deflection or distortion of the eastward drift at the

.'3-milc level is only moderate. In the case of hurricanes, which are

centered in the East Gulf States so that the wind directions can be

olxserved on all sides, it is proven that the circulation is not only more

rounded, but also that it penetrates the upper strata very much far-

ther, and twists even the cirrus level entirely out of its ordinary shape.

The circular components are therefore very strong .up to G miles in

hurricanes, while they are equally pronounced in cyclones only to a

height of 3 miles. This is a very marked characteristic, and indicates

that hurricanes depend largely upon vertical convection for their

power, while cyclones depend almost exclusively upon horizontal con-

vection, that is, upon the counterflow of very long branches of hori-

zontally moving atmosphere, having their bases several thousand
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miles apart. As hurricanes move northward, out of tlie Tropics, tliey

gradually assume the nature of true cyclones, since vertical convection

is finally superseded hf liorizontal convection in tlio North Atlantic

districts.

The iDhysical features of hurricanes are well uiulerstood. The
ai^iiroaeh of a hurricane is usually indicated by a long swell on the

ocean, propagated to great distances and forewarning the observer by
two or three days. A faint rise in the barometer occurs before the

gradual fall, which becomes very pronounced at the center; fine wisps

of cirrus clouds are first seen, which surround the center to a distance

of 200 miles; the air is calm and sultry, but this is gradually sup-

planted by a gentle breeze, and later the wind increases to a gale, the

clouds become matted, the sea rough, rain falls, and the winds are

gusty and dangerous as the vortex core comes on. Here is the inde-

scribable tempest, dealing destruction, impressing the imagination

with its wild exhibition of the forces of nature, the flashes of light-

ning, the torrents of rain, the cooler air, all the elements in an uproar,

which indicate the close approach of the center. In the midst of this

turmoil there is a sudden pause, the winds almost cease, the sky clears,

the waves, however, rage in great turbulence. This is tlie eye of the

storm, the core of the vortex, and it is, perhaps, 20 miles in diameter,

or one-thirtieth of the whole hurricane. The respite is brief and is

soon followed by the abrupt renewal of the violent wind and rain, but

now coming from the opposite direction, and the storm passes off with

the several features followin.ir each other in the reverse order.

By the laws of vortex motion the winds approach the center in

spirals, the circular and the centrifugal movements iuci-easing every

moment. At the core within the walls of the columnar vortex the

air circulates about the calm centi-al part, gradually rising to the

cloud stratum, just above the inflowing disk. Ilei'e the air flows out

suddenly on all sides, the circular motion decreasing, the air cooling

by expansion, causing a great, thin sheet of rain 200 to 300 miles

from the center. At this distance the vortex sheet turns up sud-

denl}^ (not dov.n, as usually stated) and discharges the expended
matter into the high upper currents of the atmosphere. Tlie feeding

wind lines are more nearly parallel to the ground than the upper
discharge lines, but they all form a columnar vortex of unusual

configuration. There is probably no feature of nature more inter-

esting to study than a hurricane, though the feelings of the observer

may sometimes bo diverted bj' thoughts of personal safety.

FEATURES OF TORNADOES.

The formation of tornadoes is attended bj' the two features which
have been described, namely, the counterfloAV of two horizontal

currents of air, and the vertical convection, which is of local origin.

They are of small dimensions, but particularly vicious and destruc-

tive. They occur during the summer, when the warm weather is at its

maximum. The interior of the country is heated; the (xmmu districts
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are ocmiparatively cool. Tlio great Atlanli(! liigh area, i^roduced by
the general eirciilation, protrudes upou the sc^iitheastern districts; in

the same way the Pacific "high" overlays the northwestern districts

of the plateau. Hence, between these, in the Mississippi and Mis-

souri valleys, there is a region of encounter for the southern winds i)ro-

duced bj' the Atlantic "high" and for the northern winds maintained

by the Pacific "high." The southern winds are warm and charged

with aqueous vapor; the northern winds are cool and comparatively

dry. The meeting of these two types of winds in the central valleys,

the same conditions extending along the Ohio Valley to the Lower
Lakes, is attended by two or three tj^pical local effects. In the first

place, there are calms at intervals, local pools of stagnant atmosphere,

into which these opposing currents have not j)enetrated; in the sec-

ond place, the intense radiation of the sun superheats the strata of

air near the ground and causes relatively unstable equilibrium, with

its tendency to overturn the strata in a vertical direction; in the

third place, the cool currents from the north, borne aloft in the gen-

eral eastward drift, tend at times to overlay this stagnant atmospliere

in tlie ground stratum and to increase the unstable equilibrium.

CONDITIONS PRODUCING STORMS.

Tlie above are the conditions that always favor the formation of

local storms, tornadoes, thunderstorms, and showers, in which pre-

cipitation generally occurs during the summer. Masses of air of

different temperatures in the great north and south currents may thus

approach a stagnant and calm region, such as the later hours of the

afternoon develop, the increase of cloudiness being merely a symptom
of the existence of rising and cooling currents, which portend a storm,

and finally set the entire mass into a mixed congested state. The cool

air comes down and the warm air rises, but they both resist mixing

intimately. Rather they tend to be drawn out into long bands or rib-

bons before such mixing is accomplished, and these are the conditions

for local showers. AVlien the condensation is rapid in the strata a

mile high, the formation of thunderstorms and electric discharges is

caused. In certain peculiar formations of the circulation a tornado

tube is projected downward. This is a simple vortex and obeys the

laws of the movements of fluids in gyratory circulation. If a mass of

air 0,000 feet in diameter is rotating at the half-mile level and it runs

into a vortex so that the tube is 100 feet in diameter, and supposing

th<' outer edge of tl>e upper ])art of the voi'tex makes 7 miles perlu)ur,

then at the rim near the bottom of the vortex we should have a velocity

of 200 miles per hou r. Tliis causes an etiormous centrifugal force in the

lower tu])e, a partial vacuum of low temperature. It is accompanied

by a forward nu>vement of the entiie vortex system. The vacuum
tube causes the explosive and disastrous effects upon the objects in

its path, as noticed in the tornado accidents; the wind at great veloci-

ti<'s prostrates every obstacle; the cold generates the sheath of vapor
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that makes the tube visible; the same sudden condensation causes

electric discharges, just as in thunderstorms on a large scale. There

is no real myster}' about the formation of tornadoes or respecting

their terribly destructive power. It all goes back to the same prin-

ciple that discharges a gun, in which case there is a sudden formation

and expansion of gas; but in the tornado it is the reverse process,

namely, the sudden production of a vacuum into which outside air

discharges itself, that is, into the hollow vortex tube, and with the

further result of quickly cooling the heated air drawn into the vortex.

NO PRACTICAL PREVENTIVE OF TORNADOES.

There is no practical way of warding off tornadoes when conditions

are favorable for their development. The tubes resist an explosive

discharge in the air outside, these having often been fired upon by
cannon at sea. They sweep readily through a forest or a city. There

seems to be no annual increase in the number of them. Some have

sought to connect their recurrence with the frequency of sun spots,

and it is possible that there is some indirect connection, just as in

all the other elements of the weather, but only through the general

circulation.

AVHERE AND WHEN TORNADOES OCCUR.

There are some jiortions of the United States which are free from

tornadoes, such as the Rocky Mountain plateau and slope. In the

central valleys they are of annual occurrence, and they are likely to

visit almost any of the States east of the Mississippi River. In the

winter months tornadoes occur only in the Gulf States, but as the

weather grows warmer they extend northward, and in the summer
they are of the greatest frequency in Nebraska, South Dakota, Iowa,

and Minnesota. This variation is evidently to be referred to the

average probability of cool currents of air from the north encounter-

ing warm, moist currents from the south, in the intermixture which

is always going on throughout the lower strata, farther north in sum-

mer than in winter. More tornadoes occur in the months of May and

June than in the other parts of the year, and this is due to the same
principle of contrast in temperatures, which is greater locally in the

spring than in the summer, when heat prevails generally, or in the

winter, when cold is widely distributed.

The annual average number of tornadoes which are well defined

and destructive is about twenty-five, and their frequency is quite uni-

form from year to year. Of this number the destructive tornadoes of

great violence have been twenty-four in eight years, that is, three

each year. The record shows that from 1880 to 1800 property to the

value of $31,000,000 was wrecked. As much as *2:3, 000,000 of this

must be attributed to three tornadoes, or tornadic hurricanes, which

passed through the regions of dense population, namely, that which

visited Louisville, March 27, 1800, destroying property to the value of
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$3,000,000; tliat which visited St. Louis, May 27, 189G, from which the

loss was $13,000,000, and that which traveled from Cedar Keys to

Washington, D. C, September 29, 189G, from which the damage was
^7,0(^0,000. Tlie latter was more strictly a hurricane, but many of

its features were very close to a large tornado in type. Previous to

1889 the records show that there were three destructive local storms

annually for each of the preceding eigliteen years.

VriND VELOCITIES OF TORNADOES.

It has not been easy to secure exact data for the computation of the

wind velocities which accompany tornado vortices, but the great

watersi)out of August 19, 189G, which developed in Vineyard Sound,

about 7.5 miles northeast of Cottage City, and of which, very good

photographs were taken, to some extent supplies this defect. The
bearings of the spout were noted from several places, so that its place

can be plotted accurately on the map and its dimensions computed.

It was found that the tube extended from the cloud to the surface of

the sea, 4,200 feet, was 3,400 feet in diameter at the top, 170 feet at the

narrowest part, which was 1,500 feet above the sea, and about 250 feet

at the sea. This exjiansion near the surface was due to the retarda-

tion caused by contact with the water and the suction of air into the

tube from below. The radial velocity was outward from the top to the

narrowest part, ranging from 7.0 to 0.3 miles per hour, and very feebly

inward in the lower third; the rotation velocity at the cloud was 14.0,

and near the sea 350 miles per hour, this being the velocity of a body

falling freely from the height of the cloud to the sea; the vertical

velocity was 0.1 at the cloud and 35 miles per hour at the sea.

The effect of these motions is to strike a very severe blow laterally

upon any object upon which the tube impinges, and to lift vertically

at the same time. The air just outside the tube is undisturbed, and

the sudden contact Avith the tube is like a stroke from a heavy ham-

mer. The formula shows that this is equivalent to a sudden pressure

of 330 pounds to the square foot at the maximum. The destructive

effects at St. Louis upon the bridge and upon heavy buildings indi-

cates a X)re8sure of GO to 90 pounds per sciuare foot as that which must

have been exerted to produce the observed effects. This would imply

a rotatory velocity of about 175 miles in the St. Louis tornado. It is

evident that the Vineyard waterspout was one of the largest of its

class. Contrary to common experience, it occurred on a day when
the humidity of the air was low, instead of high, as usually supposed.

This shows that the origin was chiefly dynamic, rather than due to

heat processes wherein aqueous v.apor is turned into water. The
inference regarding the structural strengtli of buildings is that they

ouglit to bo able to resist at least 40 pounds per square foot applied

hilerally, for extraordinary storms, such as hurricanes, ])ut that noth-

ing wliicli can bo biiU't is likely to willislund the vorlex of a tornado

when it operates in full power.



FORAGE PLANTS FOR CULTITATION ON ALKALI SOILS.

By Jared G. Smith,

Assistant Agrostologist.

INTRODUCTION.

When the excess of alkali in a soil rises to such a sum total that

the cereals can not be grown, the best use to which the land can be
put is the growth of forage.

There is no crop, so far as known, which can be profitably grown
on land that contains over 2 per cent of the combined alkalies within

the first 2 inches of surface soil. Soils containing as much as 1 per

cent of alkalies within the first 2 inches will not grow cereals, and the

maximum for trees, vines, and root crops is much lower. There are

extensive areas in the West which are thus excluded from the cate-

gory of farming lands because of the excess of alkalies. Such lands

are not necessarily barren, although they can not be profitably culti-

vated. They are often covered by a rank growth of vegetation, indi-

cating that there is an abundance of plant food in the soil, if only the

plants are so tolerant of alkali as to bo able to secure it. Many of

the alkali plants have considerable value as forage, and of these some
few show special adaptation to the changed conditions which cultiva-

tion brings.

The crops which originated in humid regions will not grow on soils

which are strongl}^ impregnated with the alkalies, and f=o to meet the

conditions one must either take the useful i^lants of the alkali regions

of his own country or depend upon those which have been introduced

from similar regions elsewhere. If it is not possible to grow a vine-

yard or an orchard, a field of alfalfa or one of grain, there are a

number of forage crops that can be successfully cultivated, because

they originated in alkali regions and are tolerant of considerable

amounts of alkali in the soil.

As the amount of alkali in the soil increases the number of species

of plants which will thrive decreases. Ililgard, Loughridgo, and
Davy have published many interesting observations as to the occur-

rence of different plants on alkali soils, and as to the maximum quan-
tities of alkali of which different native plants and cultivated crops

are tolerant. Davy states that there are in the State of California

107 species that grow only on alkali soils. Some of these occur in

similar situations in many other parts of the West, while others are

found onlj' in California. The greasewoml of the Pacific coast (AUen-

rolfea occidental in) will grow in a soil containing a maximum of 104,760

535
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pounds of alkali salts per acre to the depth of 1 foot. The scrub
saltbush {Alriplex polijcarpa) will grow where there are 78,240 pounds,

while samphire {Salicornia) was found growing on land which con-

tained 300,000 pounds, or more than fourteen times as much as the

greatest amount of which wheat is tolerant. Wheat will grow on
land which contains a total of 20,520 pounds or less of the sulphates,

carbonates, chlorides, and nitrates of soda and potash per acre to the

depth of 1 foot. This amount of alkalies is less than one-half of 1

per cent by weight of the soil. In contrast, Kentucky blue grass will

only withstand a total of 2,680 pounds, while Australian saltbush

will endure 30,020 pounds.

EFFECT OF ALKALIES ON PLANT GROWTH.

When wheat is sown on land containing as much as 1 per cent of

the alkalies, the seeds are unable to germinate, or if germination

takes place the young plants die of thirst, although the soil may
contain water enough for the needs of the plants if the alkalies were

eliminated. Alkalies in solution increase the density of the soil

waters, and the young plants die of thir.st, because the soil absorbs

the water from their roots instead of the roots absorbing water from

the soil. There is usually more alkali at the surface than at the

depths where the roots feed, and it is often the ease that a crop will

live on land containing an amount of alkali which would prevent the

germination of its seeds. Thus alfalfa is an excellent crop for mod-
erately alkaline soils, because the thick growth and abundant leafage

shade the soil and prevent evaporation of water and accumulation of

alkalies at the surface. The long taproots penetrate to the deeper

levels, where there is comparatively little of the alkali present.

When there is an excess of the injurious salts at the surface, the

seeds are unable to absorb water and there is marked retardation of

germination. Buffum* has shown that while 82 per cent of alfalfa

seeds germinated in five days on soil from which the alkali had been

extracted and in four da3'S on wet pads containing no alkali, it required

foui'teen days to germinate 80 per cent when 1 per cent of combined

alkalies was present. A similar retardation took place with turnips,

barley, rye, oats, and wheat. The seeds ajjpear to lie dormant for a

short time, ready to start growth when the alkaline solution becomes
suniclently diluted to enable them to take up the necessary water.

Similar germination experiments were undertaken by Dr. Leather

^

during his investigations of "usar" land in northwest India in 1895

and 18!)G to determine the elTect of the soda salts on seeds of corn,

wheat, barley, peas, gram, and cotton. The germination of the cereals

was seriously afTected by seven-tenths per cent of either sal soda or

Glauber's salt in the soil. The germination of corn ajid barley was

'Bui. 29, Wyo. Agr. Exp. Sta., 1896.

»Agr. Ledg. No. 13, 1897 (Calcutta).
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retarded by from two-tenths to four-tentlis per cent of eoninion salt,

and cotton was similarly affected. Peas and cliick-iieas wei-e afTected

by a much smaller per cent. Two-tenths i)er cent of the black alkali

prevents the growth of most cultivated crops from the seed, corroding

and destroying the plumule after it has emerged from the seed coats.

But where the deeplj'^ rooted leguminous crops, such as alfalfa, once

become established, or where rooted cuttings of other plants are set

out so that the roots feed below the surface, the}' will withstand more
alkali than the cereals or other annuals. The salts are concentrated

at the surface, and thus prevent the germination of the seeds, while

the alfalfa and the rooted cuttings feed at depths where a very much
smaller amount is present.

NATIVE PLANTS OF ALKALI SOILS.

Among the plants which only grow on alkali soils, there are many
which are valuable for forage. The late Baron Von Mueller, the

eminent Australian botanist, first drew attention to the importance of

the cultivation of such plants. In the first edition of his work, "Select

extratropical cultivated plants," published in 1872, he showed the

possibility of utilizing the orache, a saltbush of the gardens, which is

a native of southern Europe and Africa. In the 1876 edition he added
two species of Australian saltbushes to his list. Later explorations,

conducted largely by Von Mueller and associated botanists, developed
the fact that the vegetation of extensive areas in the central portion

of Australia, notably in western New South Wales, Queensland, and
South Australia, consisted almost entirely of Atriplex. The fact was
known that these Atriplex, or saltbush, areas would carr}' and main-

tain in better condition a larger number of sheep and cattle than
would be supposed, judging from the limited grass vegetation. Stock

grazed on saltbush was also remarkably free from parasitic diseases,

and it was assumed that the plants had tonic properties owing to

some bitter principle, together with the large amount of salt, found
in the leaves. Through Von Mueller's etforts, the cultivation of a
number of saltbushes was undertaken in South Africa and Australia,

northwest India, and later in California, and everywhere the plants

showed remarkable adaptation to saline or alkali-impregnated soils.

The success of these experiments led to similar ones with saltbushes

native to the various alkali regions of the world, and a larger number
of species have been shown to be adaptable to the various climatic

zones.

To show the small beginnings of one of these experiments, ^[r. E. G.

Alston, the well-known experimental agriculturist of Cape Colony,

planted in April, 1886, six seeds of Atriplex halijuoides, which had
been obtained by Professor MacOwan from I'.aron Von ^fueller. Two
of the seeds germinated, but one plant died before reaching maturity.

The seeds from the single remaining plant were saved and tried the
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followiiiy^ years on a larger .scale. This one plant lias been the mother
of nearly all of the South African stock- of a species now widely culti-

vated by sheep men in all of the colonies.

The seed i)roductiou of all of the saltbushes is enormous. Plants of

Atriplex seniihaccaia, grOAvn on the grounds of the Department of

Agiiculture, commenced to blossom and ripen seed when only G inches

high, and continued until their growth was checked by severe frosts,

about the first of November. It is probable that many of the planes

ripen thousands of seeds in a season's growth. A plat of Atriplex

liolocarjja, 5 feet square, ripened half a bushel of seed, gathered by
frequent pickings during the season of 1898. On the first of Novem-
ber, Avhen growth had entirely ceased, the ground was covered to the

depth of 2 inches with the globular, spongy seeds. The saltbush

that has been most extensively cultivated in this country is A. semi-

haccata, which was introduced by the California experiment station

about 1880. Importations of seeds of this and others have since been
made by the Department of Agriculture and by a number of Western
experiment stations.

Numerous analyses of the different saltbushes and alkali plants

have been made with the view of determining their feeding value.

The percentage of ash is very high, ranging from as much as 19.4 per

cent of the total weight of dry matter of the i)lant in A. semibaccaia

to 31.3 in A. nummukiria, and even 37.2 in Kocliia pyramidata. The
alkali grass {Sporoholus airoides), which, as its name implies, thrives

on alkali lauds, contains but 9 ])cv cent of ash, while the amount in

alfalfa averages only 2.7 per cent. The difforcnce in the composition

of the ash in a number of these plants is shown by the following table:

Composition of the ash of saltbusJies and greasewood, compared ivith that of
Eastern-grown alfalfa and timothy hay.

Numo of plaut.

8alt>raslj, Atriplex setni-

iHiccdtn '

Saltbusb, Atriplex num.-

miliaria^

Gray Imsh, KocMa pyra-

ni i<ht ta^

Qrciscwood, Allenrol/ea

orcirlentalis'

Orcasowood, Snrcobatus

vrrmiculatnH*

Eofttorn timothy hay '

Eastern alfuira hay '

cc

P.ct. P.ct. P.ct.

18. ai

1.12

1.52

11.81

3.oni

11.42.35.39

15.69!29.57

12.3034.43

18.53 38.4.5

22.06 23.89

35. «) 28. 80 2.70

0.3nk'3-4'> 1.56,44.30

P.ct

5.79

8.05

8.75

1.36

6.52

0.30

P.ct.

3.23

0.77

7.3'J

1.00

1.36

3.60

4. OS

P.ct.

1.38

.04

1.28

()

P.ct.

1.95

<4.73

P.ct.

2.80

3.51

4.12

10.80

8.34

P.ct.

4.11

3.98

P.ct

2 04

4.93

4.33

3.00

5.73

Pet

3.17

1.11

P.ct. P.ct.

24.33!

30.28

36.67

8.01

5.00

3.12

P.ct.

88.80

' Bui. 105, Cal. Agr. Exp. Sta., 1804. » Hnl. 23, N. Mex. Agrr. Exp. Sto.. 1807.

» Journ. Proc. Boy. Soc. N. S. W., Vol. XIV, 137, 1880. * Iron and alumina estimated together.
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The most striking variation is iu the aniount of soda present in the

ash of tlie greasewood .and siiltbuslies as compared with Eastern

alfalfa and Eastern timothy hay. In the latter the amount is incon-

siderable, while nearly two-fifths of the ash of greasewood (AUenrol-

fea) is composed of soda. The draft on potash and phosphoric acid

is very much greater in the alfalfa and timothy than in the salt-

bushes. Alfalfa takes up five times as much lime as any one of them.

Hilgard lias estimated that a crop of 20 tons of green saltbush, equal

to 5 tons of saltbush hay, will remove 1 ton of soluble mineral matter

from the soil.

Where the excess of alkali is only very slightly above the maximum
borne by the cereals, the land can be put in condition for the growth

of other crops by j^lanting saltbush and removing the successive crops

from the field. If a soil containing 30,000 pounds of the soda salts to

the acre foot is cropi)ed with saltbush, Avhich is each year removed
from tlie field and fed elsewhere, the time when wheat and barley may
be grown will be hastened. Saltbush would not produce this effect if

it were allowed to remain on the field or if it were grazed. Neither

can this method be profitably used where there is any very large

amount of alkali in the surface soil, on account of the time requisite

for noticeable improvement. At a 20-ton jield of the green herbage

per acre the soda salts removed each year would amount to 1,200

pounds.^ Saltbush withstands black alkali better than any other cul-

tivated crop, probably because the dense mat of vegetation completely

shades the soil and prevents evaporation and the subsequent rise of

the salt to the surface, wiiere it becomes poisonous to plant life.

SALTBUSHES NATIVE TO AUSTRALIA.

There are a large number of Australian saltbuslios which would be

valuable if introduced into this country. There are undoubtedly

many which may be profitably experimented with to supply the needs

of sections too cold for the successful growth of those already intro-

duced. Some of the more valuable will be mentioned here.

AUSTRALIAN SALTBUSH.

Australian saltbush {Airiplex semibaecata, fig. 125) is a mueli-

branchod perennial, which forms a thick mat over the gronnd to the

depth of a foot. The branches extend from G to 8 or 10 feet, so that

one plant will often cover an area of 20 feet in diameter. The leaves

are al>out an inch long, broadest at the apex, and coarsely toothed

along the margin. They are fleshy and somewhat mealy on the out-

side. The pulpy, flattened fruits are tinged with red at maturity,

but dry out as soon as they fall from the plant. They are pro<luood

in enormous numbers and ripen continuously for three or four

months, or in situations where growth is perennial throughout the

year. At the California experiment station it was determined that

' Bui. 105, Cal. Agr. Exp. Sta., p. 16, 1S04.
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the seeds germinate better when sown directl}' on the surface without

any covering. When they were harrowed in to the depth of 2 or

3 inches most of them either rotted before germination or the young
seedlings were unalile to reach the surface. Some iiractical stockmen
have liad good results in establishing tliis saltbush on an alkali range

by sowing the seed on the ground when it was wet with heavy rains

and at once driving a flock of sheep over the hind, thus treading them
into the soil.

Sheep are especially fond of this saltbush, and cattle relish it if

combined with other feed. Von Mueller states that in his opinion

many of the valuable qualities of the Australian wools are due to the

abundance of this and other saltbushes in the regions in which the

Fi(j. 12.").—Australian saltbush i Atiij>Ux scmibaccatu) grown in tbf grass garden of the Depart-
ment of Agriculture.

sli<<i) are grazed, and Turner states that if the saltbushes were

entirely exterminated it would tend to decrease the value of the wool.

The plant may be propagated by cuttings, as well as from seed, and
this method is to be i)referred wherever the land contains much
alkali. The seeds will germinate in the presence of an amount of

soda salts which would entirely prevent the growth of cereals. This

is especially true in the case of Glauber's salt, though there is of

course a limit to the amount of alkali the plant Mill tolerate, as in

the cas(? of wheat or alfalfa. This saltbush is perennial in California,

Arizona, and New Mexico, but must be treated as an annual wher-

ever tli(! winters are at all severe. In South Dakota plants from seed

sown in May had Just <'ommenced to blos.som at the time of the first

hard frost in aiil iiiiin.
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Atriplex sernibaccakt is tlie most promising of the Australian salt-

bushes for cultivation in this country, both because of its hanliness

and the bulk of fodder produced. The forage contains 11.6 per cent

of crude protein in the air-drj^ substance as compared with 14.3 per

cent for alfalfa. Thus, 100 pounds of the dry substance will contain

8.7 pounds of digestible crude protein as compared with 10.0 pounds
in alfalfa. The nutritive ratio is 1 to 4.5 for saltbush and 1 to 4.1 for

alfalfa, so that it would seem to have nearly as high a feeding value as

the latter, assuming that the extraordinarily large ash content does

not prove detrimental to the animal.

SLENDER SALTBUSH,

Slender saltbush {Atriplex leptocarpa) is a perennial, with procum-

bent stems from 1^ to 2 feet or more in length. It resembles the pre-

vious species in many particulars, though the plants are smaller and
it produces a smaller amount of forage. It is more widely distrib-

uted in Australia than A. semihaccata, occurring in western Queens-

land and New South Wales and in South Australia along the Murray
River, sometimes carpeting the ground over considerable areas. Von
Mueller says that its drought-enduring qualities are remarkable. It

is particularly relished by sheep, which browse it down so closely that

large tracts of it are often entirely destro3'ed. The seeds are smaller

than those of A. semibaccata , somewhat cylindrical in shape, two-

pointed at the apex, and slightly swollen at the middle. They are

produced in great abundance and germinate readily under ordinary

conditions. This species has been tried in California and in the grass

garden on the grounds of the Department of Agriculture, and a fair

quantity of seed has been distributed to a number of farmers in the

West. It is about equally hardy, as regards cold, as A. semibaccata,

but will perhai^s Avithstand a greater degree of heat.

GRAY SALTBUSH.

Gray saltbush {Atriplex halimoides) is a shrubby perennial with

something of the habit of A. semibaccata. The leaves are larger and
broader and the whole plant has a whitish appearance. The stems

are rather more woody than in the case of either of the two preceding

species and the plant is more drought resistant. On this account it

has i)roved adapted to conditions in South Africa and jirobably also

would be of value in South America. When not too closely grazed it

ripens seed in great abundance. It would be valuable for trial in

Arizona and southern California.

HOUND-LEAFED SALTBUSH.

Round-leafed saltbush {Atriplex nunimularia) is a perennial shrub

which grows to the height of from to 10 feet. The leaves and stems

are covered with whitish down, and the broad, fleshy leaves are
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pro«liK'od ill great abinidance. The plant is tlio?cious, producing male

flowei's on one plant and female flowers on another. It will grow on
soils more heavily impregnated with alkali than A. semibaccata, and
will also withstand droughts better, but is less hardy to cold. It is

extensively planted and highly valued in central Australia and South

Africa. In habit of growth and appearance it resembles the native

shad scale of the Rocky Mountain region. It is only adapted to cul-

tivation in the warmest portions of the Southwest and it might well

be grown more extensively in southern California and Arizona. If

rooted cuttings are planted over the range immediately following

heavy rains, when the soil is wet enough to fairly start the plant, it

^/k!^(5

Fici. Wi.-~Aunual Hultbusli (Alriplvx holocarixi) {rrowu in tho grass garden of tbo Department
of Agriculture.

will undoubtedly be a very valuable addition to the range forage

plants. This saltbush product's the greatest amount of seed in the

driest seasons, x'estMiibling in this characteristic most native desert

plants. The seeds germinate readily when sown on moist soils.

Actrording to analyses the round-leafed salll)ush will take up more

.soda salts than will A. semilnurala, and on this account will proba-

bly succeed on soils too heavily impregnated with alkali to jicrmit tho

growl h of other si^ecies.

ANXLAI. SALTBUSH.

Annual saltlMisli {Mriph.r hnhx-drpx, fig. 120) is a low, tlensely

branr-hing annual, less leafy f linn citiicr of Hk' precefling species, but
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valuable because of tko iinniense luinibor of round, sponj^' sccmIs or

fruits AvliLcli it i^roduces. The fruits arc from one-fourlli to one-half

inch in diameter and are readily blown about by the wind, so that if

the plant is once established on the range and is not eaten down too

closely by stock it will soon become widely distributed. It is one of

the saltbushes which is fairly hardy, but is perhaps less dj-ouglit

resistant than many of the perennials. The seeds are not only carried

by the wind, but float on the water, and are widely scattered in this

way by floods or b}'' the torrential rains to which the arid regions

which it inhabits are subjected. Its successful growth in the grass

garden on the grounds of the Department of Agriculture indicates

that it would be a valuable species to introduce not only on alkaline

soils, but also in the grazing regions of the West and Southwest, prob-

ably as far north as Colorado and Utah.

OLD-MAN SALTBUSH.

Old-man saltbush {Ehagodia paraholica) is an erect, perennial

shrub, formerly very abundant in western Queensland and New South

"Wales, but which has now almost disappeared because of overgrazing

by cattle. It grows 5 to 10 feet high, frequenting low, moist places.

Tlie whole j)lant is whitish, with a mealy covering like that on the

leaves of the common garden pig's foot or lamb's-quarters {Chenopo-

dium album). Cattle and sheep browse the leaves and tender branches,

seldom permitting it to ripen seed in any quantity, but it grows well

from cuttings and may be rapidly disseminated in that manner,

AREOW-LEAFED SALTBUSH.

Arrow-leafed saltbush {Rhagodia hastata) is a low, spreading, per-

ennial shrub, seldom gnnving more than 3 to 5 feet high. Like the

preceding, its leaves and branches are whitish. Cattle and sheep

graze this plant wherever found. It grows wild in Queensland, New
South Wales, and Victoria, and is said to be one of the most drought

resistant of all the saltbushes. It will stand some frost, and Avould

be a good plant to introduce on the cattle ranges of Texas and New
Mexico. Like all others of this group, it not only produces an abun-

dance of seed, but maj* readil}' l)e reproduced from cuttings.

BLUE SALTBUSH.

Blue saltbush {Clienopodium auriconium) is another shrub that was

formerly abundant in the hottest portions of the interior of Australia,

but has now almost entirely disappeared. The writer collected some

of it in 1801 in western New South Wales, It was in a thicket of

"wait-a-bit" and other thorny acacias, protected by them from all

browsing animals, much as clumps of succulent graSvSes are often

found in cactus tliiekets in Texas and the Soutliwest. Blue saltbnsh

is so called from its color, which varies from blue-gray to yellow. It
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is an excellent forage plant, and its introduction into the arid ranges

of the Southwest is recommended. It seeds abundantly, and may also

be propagated from cuttings.

GRAY BUSH.

Of the gray bush (Kochia) there are a dozen or more species in the

arid portions of Australia. All are shrubby perennials, more or less

sought after by cattle and sheep, and are correspondingly valued by

owners of stock. One characteristic feature of all of them is that

their leaves and branches are covered with short white woolly hairs,

that prevent the evaporation of water from the leaves. They are

adapted to the driest and hottest climates, and are without exception

alkali plants. Some of the Kochias flourish in central Australia,

where the day temperatures approach those of the Death Valley in

southern California. They would be valuable for introduction into

southern Arizona and the deserts of southern California as range

plants, to supplement the forage supplied by Franseria, Allenrolfea,

and other shrubs. An objection to the Kochias is that the matted

tomentum with which they are covered often forms liair balls or

phyto-bezoars in the stomachs of cattle, sometimes causing consider-

able losses during droughts. But as similar losses occur from the

feeding of overripe crimson clover and a variety of other plants, this

objection need not be considered a fatal one. The Kochia saltbushes

resemble the Avinter fat {Eurotki lanata) and eottonweed (Froelichia)

of Texas and the West in appearance, and to some extent also in feed-

ing value, although the latter do not approach them in the matter of

seed production.

AMERICAN SALTBUSHES.

A great number of saltbushes may be introduced from Australia

for the benefit of the AVestern stockmen, but while foreign species

are being sought, the native saltbushes, which tlirivc on alkaline and

saline soils, should not be overlooked. There are about 40 species of

native Atriplex saltbushes in the Western States. Many of these are

superior to tliose of Australia, in that they are hardy as regards cold

as well as resistant to alkali and drouglit. They are grazed to some

extent in summer, but are, as a rule, most liighly valued for winter

forage, because there is an abundance of nutritious ami succulent

gra.sses and annual plants in summer, so that the saltbushes are not

then required.

SHAD SCALE.

Shad scale [Alrijihx ccniescens, fig. lL'7), is a perennial shrub, often

to 10 feet high, rather common on the liigh plains from Wyoming
and Nevada to Arizona and western Texas. The imrrow gray-green

leaves and young brandies are browsed by cattle. The seeds are
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produced in groat abundance, often a peck or more on one [)lant . These

are niucli sought after by sheep and are considered very fattening.

On ranges used as summer pastures for sheep the sliad scale can now
only be found on rocky cliffs or other spots inaccessi])l(^ to grazing

animals; but in i-egions which can only be jmstured in winter through

lack of water, except that supplied by snowdrifts, the shad scale is

found to be increasing from year to year. This is because the stock

are necessarily kept ofT in

summer, so that the plant has

opportunity to fully recover

from the Avinter grazing and
mature its normal crops of

seed. Shad scale grows on

lands heavily impregnated

with white alkali, and also

withstands small amounts of

the black alk.ali. It is worthy

of cultivation on soils that

will not grow grain, alfalfa, or

tame grasses. This plant is

superior to the shrubby Aus-

tralian saUbushes, in that it

thrives where the winters are

quite severe. '

nuttall's salt sage.

Nuttall'ssalt sage {Atriplex

nuUallii, fig. 128) is the most
comition salt sage of the plains

of northern Colorado, Wyo-
ming, Montana, and northern

Nevada, and is considered by
stockmen the most valuable

of that region. It is a low,

leafy shrub, seldom more
than 2 or 3 feet high, and,

like the shad scale, is peren-

nial. It grows where the soil

is dry and so strongly impregnated Avith alkali tl»at lilile else will

thrive except rabbit brush and bitter sages. It is one of the best of

the wild forage plants for winter pasturage. Nelson stales that the

leaves and young twigs, and es[)ecially the seeds, are very fattening,

and that sheep eat the forage both green and when it has cured upon
the ground. The plant endures much severe tiampling and hard

usage. In the Red Desert of AVyoming it sui)plies fully one-half of

the winter grazing. NuttalTs salt sage is worthy of inlrodudion into

1 a98 ;35

Fig. l:i7.—Shad scale (Atviphx ram sans): a, fruit;

6, HuwiT.
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cuUivation along with the Australian saltbushes, and wherever it now
occurs on the ranges care should be taken not to exterminate it.

SPINY SALT SAOE.

Spiny salt sago {Atriplex confertifolia) is a perennial, spreading
shrub, with numerous, short, thick leaves and spinj- branches. It

grows 2 or 3 feet high in clumps 4 to 6 or 8 feet in diameter. The
leaves and fruits drop off in autumn and are collected in the depres-

sions of the siii-fnoo or form little Avind drifts behind the bushes.

These piles of leaves and seeds

are the first to be eaten by the

sheep and cattle when they enter

the Avinter pastures. The spiny

branches are also browsed to the

ground. This salt sage is ap-

parently more resistant to strong

alkali than almost any of the

others, as it often occurs on

"greasewood lands" containing

a large amount of sal soda. It

grows from the Dakotas, Mon-
tana, and Idaho southward to

Mexico. Spiny salt sage will

probabl}' not impi'ove much in

cultivation on account of its

woody stems, but on moderately

strong black alkali lands it is

worthy of cultivation for winter

forage.
SCRUB SALTBUSH.

Scrub saltbush {Atriplex poly-

carpa) is one of the shrubby salt-

bushes of California investigated

by Dav}'. It was found growing

on gravelly soil containing a

maximum of 78,000 pounds of

salts per acre-foot, considerably

more than the Australian salt-

l)ush will stand.

There are fourteen or lifteon

other species of Atriplex in California, mostly confined to the arid

alkaline valley lands and tbe seashores. Many of tliese contribute

to tlic forage of the region and add value to both winter and summer
ranges. Besides these and other closely related shrubby saltbushes

there are a number of annuals which are fully as valua1)I(' as any of

the introduced ones, either in feeding valu<% amount of seed produc-

tion, or resistance to and tolerance of injurious soda salts.

Fio. 1:X.—Nuttall'a «alt sago (Alriphx unttdlUi).
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UTAH SALTBUSU.

Utah saltbusli {Atriplex trunrata) is one of the best oi these annual

species. It has much the habit of A. semiboxicoUa, coverinj^ the

groinid witli a thick mat of leaves, and therebj' prevontini^ evai)ora-

tion and the rise of alkali to the surface. It is common in northern

Utah and Nevada and eastern Oregon on clayey soils impregnated

with common salt and wliite alkali. A few seods were distributed in

1890 by the Division of Agrostologj^ and a number of those who grew

it have reported, it as being of much x>romise for the reclamation of

alkali soils. It is closely grazed by cattle wherever they have access

to it, so that it is hard to find in sufficient amount to supply any
quantity of seed. It is never abundant except where undcrgrazed or

protected by fences.

TUMBLIXG SALT SAGE.

Tumbling salt sage {Atriplex roluians) is a rank, leafy annual,

which forms an upright compact mass 2 or 3 feet high. Nelson says

that it may prove more valuable for certain alkali soils than any of

the foreign species. It produces a great abundance of seed. Tum-
bling salt sage gets its name from the fact that, like a great many
other plants native to the Western plains and prairies, the stem

breaks off close above the ground in autumn and the plant goes roll-

ing across the country, scattering its seeds at every bound. It might

prove a bad weed in grain fields because of this tumbling habit. It

has very little forage value after the seeds have fallen.

nelson's saltbusil

Nelson's saltbush {Atriplex pabularis), although a perennial, grows

rapidly and puts out a great many stems from the roots each year, so

that it would have the value of an annual in cultivation. It has only

been collected in the Red Desert of Wyoming, on saline flats along

the creeks and in the dry beds of alkali basins. Cattle and sheep

relish the herbage, grazing it do^^^l to the ground each j'ear. It is one

of the most i^romising of the wild saltbushes for cultivation on strongly

alkaline soils for winter and summer pasturage.

WINTER FAT AND OREASEWOOD.

WINTER KAT.

"Winter fat {Eurotia lanata) is a white-hairy x)ercnuial, 1 to 2 feet

high, closely related to the saltbushes, and growing with them on

strougl}^ alkaline soils. The cottony seeds are produced in great

abundance, and both seeds and stems are eaten greedily by all graz-

ing animals, so that this plant is now almost exterminated wherever

cattle have free range. It is widely distributed from Manitoba to

Texas and westward to the .Sierra Nevadas, and wherever it occurs is

highly spoken of as a winter forage plant. Experimental cultures of
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it ill tho i^rass gcardeu at AVasliington, D. ('., show tliat Avliile it would
not rank with the clovers, yet it makes a line growth on cultivated

land. The seed was sown on the surface and raked in. Seed might

be gathered by ranchmen and sowed in spring on land which had
been disked or hai-rowed, and while it could not be cut for hay it

would make excellent winter grazing for either sheep or cattle. It

thrives on alkaline soils and will tolerate moderate amounts of the

white alkali. Stock grazed on lands where winter fat grows make a

rapid growth, and are said to be remarkably free from disease because

of the tonic properties of this plant. It is worthy of cultivation, and
sliould be given a trial wherever seed is obtainable from the wild

plant.
GREASEWOOD.

The name greasewood is commonly applied to a number of thorny

shrubs characteristic of strongly- alkaline soils. Tlie common grease-

wood, or Chico plant, of the Rocky Mountains, is Sarcohatus vermicu-

latus. Its range extends from the Upper Missouri and Platte rivers

to tlio Gila and the eastern slope of the Sierra Nevadas. It grows to

tho height of 4 to 8 feet. The narrow leaves are usually 1 to 1^ inches

long, and are very numerous on the j^oung shoots and branches. Many
of the latter are thorn-pointed. One would never imagine that this

greasewood could have any value as forage, yet cattle and sheep eat

the leaves and browse the smaller stems. The seeds are also eaten.

An anah'sis of the ash of this i^lant at the New Mexico experiment

station showed 22 i)er cent of potash and 23.0 per cent of soda pres-

ent. A sample of soil taken from under one of the plants contained

two-tenths per cent of black alkali, Avhile a similar sample taken 20

feet away from the plant showed no black alkali. Greasewood devel-

ops a thick taproot that goes down 15 or 20 feet or more, and it also

sends out lateral surface roots through a radius of from 8 to 12 feet.

Large amounts of the soda salts, especially the carbonate, are

absorbed. Much of it finds its way into the leaves during tlio

natural processes of growth. Then, as these fall during the winter,

there is an accumulation or concentration of soda in the surface soil

as a result of decomposition and the leaching out of the soluble sub-

stance of the leaves. Greasewood is tolerant of an amount of sal soda

that would not only prevent germination of tlie seeds of cultivated

plants, but wouhl destroy the living plants themselves. It is an

almost sure indicator of black alkali. Western i-aneliers recognize

tlie general rule thai lan<ls covered with grcMsewood can not be

profitably reclaimed.

Tlu' Californian greasewood {Allenrolfca occidentalis) is an erect,

difTusely-branching shrub, 2 to 5 feet high. It occurs from northern

Nevada and Utah to western Texas and 8:nithern California. Like

the preceding, it is one of tlie cliaracteristic black alkali plants. Davy
found it growing in the San ,Ioa(iuin A'alley on a heavy, yellowish clay
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soil containing from 27,320 to 104,700 pounds of total salts per acre-

foot. The minimum of alkalies where this plant was growing is more
than the greatest amount borne by any of the cereals. Coville found
it on the immediate border of an alkaline marsh in the Death Valley,

where such alkali-resistant plants as shad scale, saleratus weed, and
mesquite bean were located fully 300 yards back from the barren
depression at the center of the marsh. This greasewood is grazed to

some extent in winter and adds to the value of the pasturage at that

season of the year.
CONCLUSIONS.

Wheat and beardless barley can be grown for hay on land so strongly

alkaline that alfalfa would neither germinate nor grow. The salt-

bushes hold relativel}^ as much advantage over the cereals in the mat-

ter of tolerance of alkalies as the cereals do over alfalfa. The native

salt sages and greasewood will supply considerable forage where
neither wheat, alfalfa, nor the saltbushes will thrive.

The early solution of the alkali problem in the West is of great

importance because of the extensive areas affected. There are thou-

sands of square miles of alkali lands which, if they can be perma-
nently freed from the excessive accumulations of soda salts, are poten-

tially as rich in plant foods and as capable of producing large crops

of the cereals, fruits, and vegetables as anj^ lands in the United States.

The possibilities for increase in value bj' the transformation of such
extensive alkali areas from a low rate of productiveness to a high
one are almost unlimited. In many localities it is sinqjly a matter of

the more intelligent use of water on irrigable lands; in others a bene-

ficial change may be accomplished by the substitution of improved
methods of soil cultivation and drainage. On lands not subject to

irrigation a fourfold benefit may be secured by growing alkali-tolerant

forage crops: (1) The surface will be shaded by the dense growth and
the rise of alkali checked; (2) the total amount of forage may be
increased, often tenfold, enabling the rancher to carrj- an additional

number of stock on the same acreage; (o) there will be an improve-

ment in the physical condition of the soil through increase of the

amount of organic matter; (4) a gradual diminution of the amount
of deleterious salts by removal in the plants themselves.

RECOMMENDATIONS.

Complaints are sometimes made that saltbushes, salt sages, and
greasewood are unsafe feed for cattle and sheep. These plants are

all quite rich in muscle-forming crude protein, especially in the spring.

Losses from feeding on them are due to "lioven," or bloat, a disease

which is common wherever stock are permitted to gorge on rich or

succulent vegetation, and not to any inhei-ent poisonous properties in

the plants. Care should thoi-ofoi-e be taken not to allow stock to

overeat Avhen first turned out on the saltbush pastures.
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Tho sallbushos and salt sages, both iiilroduccd and native, although

experimented with in cultivation only twenty years, have proved to

be of value in all alkali-imiiregnated soils. A more extended cultiva-

tion of saltbushes is recommended throughout the West, and while

trials are being made with the Australian species, the native forms

that have been produced by natural processes, many of them being

fully as leafy and having as succulent herbage, should not be over-

looked. It is probable that quite a number of the thirty or more salt

sages and saltbushes that grow wild on the high plains, mesas, and

deserts of the West would, if only given an equally favorable oppor-

tunity, prove to be as well adapted to cultivation as any of the foreign

species. Such plants as saltbushes, or even sagebrush and grease-

wood, will prove of great value where the cereals and garden crops

will not grow because of the alkali in the soil. The plants native to

any region are the most promising for cultivation in similar regions.

Following this law the plants native to alkali soils are the ones for

those soils. As the West is developed the amount of grazing land is

each year decreasing in extent, and as the better-grassed, natural

pastures are devoted to the cultivated crops, the extensive areas of

alkali-impregnated soils will become more valuable. The increase of

these soils in value in the estimation of the Western cattle growers

will come through their utilization in the production of saltbushes and

other alkali-tolerant forage plants.



THE PRESENT CONDITION OF GRAPE CULTURE IN
CALIFORNIA.

By Geokge Husmann,

Of Napa, Cal.

THE BfiGINNING OF GRAPE CULTURE.

Grape culture in California is a comparatively new industry, and

many lessons had to be learned before its present status could be

attained. The vicissitudes attending the progress of grape culture

in California have resulted mostly from not fully understanding in the

first place, when the industry was in its infancy, the varied soil and

the climatic conditions peculiar to the State. In order to see and fully

appreciate the nature of the mistakes made, the history of the indus-

try must bo understood. The missionary fathers i^lanted the first

vineyards on irrigated soil. They instructed and employed the Indi-

ans attached to and dependent upon the missions in the cultivation of

these vineyards, in which but one variety of the European grai^e was

used, still known as the "Mission," though often erroneously called

" California." While the exact origin of this grape is yet in doubt, it

is unquestionably of the European species Vitis viiiifera, but whether

grown from seed or from cuttings brought from Spain has not been

determined. The "Mission," altogether different from the native

wild vine Vitis californica, is evidently a sherry grape, and as such

it is now used.

THE BEGINNING OF SYSTEMATIC GRAPE CULTURE AND WINE MAKING.

It was not until in the fifties, after the gold excitement had some-

what subsided, that some German and French jiioneers began to give

attention to grape culture and to make and handle wine systematic-

ally. Up to this time wine was mostly kept and transported in skins

of rawhide, as in olden times. It may be said, therefore, that the

industry as such is hardly fifty j'cars old.

Up to 1850 the "Mission" continued to be almost the only grape

cultivated, and most of the vineyards and wine cellars were clustered

around Los Angeles. The fact was made clear, however, that the Euro-

pean grapo, which could not l)e cultivated with success in the Eastern

States, had found a congenial homo on the Pacific coast. The impor-

tant points lost sight of, on the other hand, were that rainless summers
produced a fruit very high in sugai", and that the wines made from it

551
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were "heavy" aiul "heady." The French ami German vintners fell

into the error of letting: the irrapes hang until they were very ripe, as

was the custom iu their native countries, where they could hardly

obtain a thoroughly ripened product except in the best of seasons.

In California the fruit, which came to full maturity every year, con-

tained so much sugar that it could hardly be converted into sound,

palatable wine by fermentation, and the result very often was a milk-

sour, imperfectly fermented wine, which was, as already stated, heavy

and heady in quality. Naturally such wines did not find favor with

connoisseurs. Claret especially, made from tlie Mission grape, was
deficient in color and acid—a sorry beverage indeed. This venture

into tlie markets gave the wines of California their first setback.

Another injurious i)ractice was that of selling the entire product of

cellars or wineries, good, bad, and indifferent, at an average price.

The dealer, having invested his money, had to devise means to get it

back; and thus many poor Avines, which injured the reputation of

the young industry, were sold. The method was an easy and lucra-

tive way for the producer to dispose of his whole crop; but it has

worked an injury to the industry, which continues even now.

THE FIRST ERA OF THE INDUSTRY.

The success with the "Mission" encouraged the planting of vine-

yards, however, and as the men who had embarked in the industry

soon saw the deficiencies of that grape, exertions were made to intro-

duce better varieties from Europe. Among the foremost to embark
in this laudable enterprise was Col. Agoston Ilaraszthy, who made an

extended investigation of the vineyards of P^urope and introduced the

best varieties he could find. Messrs. Gnndlach & Dresel, of Sonoma,

al.so imported choice varieties from the Rhine at great cost, even for

that period of difficult and expensive transportation. All of these

importations succeeded in so favorable a climate, thougli many of

the choice varieties proved shy bearers under the system of short

pruning, "stool fashion," which had been followed with the "^lis-

sion," and for that reason they Avero neglected. "Wlien a longer

systeni f)f pruning was adopted, these same choice varieties yielded

good returns and formed the basis for better wines. This may bo

called the first or trial era of the young industry, extending from 1855

to 1.S7'), at whidi time wines and grapes fell to a price so low that

the}' would not pay for the picking, and in many cases hogs \sere

turned into the vineyards to utilize the crop.

But still some of the wines, especially the finer grades, found

favor and created a demand which exceede<l the supply. Then,

however, began the sale by the producers of their entire products, as

already stated, and the injurious practices growing out of such a

system. The dealers who bouglit the wines dis|)ose(l of the low-grade

goods as California wines, while the better (|U;ililies, sulficiently
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aged, to be found in nearly every cellar, wei-e gcnfn-ally sc^ld at liij^h

prices as French and German wines. The State thus suffered all the

discredit for the poor wines, but obtained no credit for the really fine

wines which were produced. This practice i)revails to a cerl ain extent

to-daj'^, fostered bj'^ a false idea which leads many people to pay.

high prices for foreign goods, while scorning the home product, even

though this may be better in qualit3^

THE SECOND ERA OF THE INDUSTRY.

Under the impetus of increased demand grape culture again

revived, and prices foi- grapes and wines from first hands increased

at such a rate that viticulture once more promised to be the best pay-

ing indvistry in the State. This general feeling initiated a second era

of prosperity. It had been demonstrated that all varieties of Vilis

vinifera flourished well in California; that vines could be cultivated

successfully without irrigation; that the dry summer only seemed to

stimulate the vines into a production of perfect fruit, and tliat not

only wines but raisins also could be produced equal to the best brands

of Spain. Under this impression and in the belief that California was

to be the foremost grape-growing countrj^ on earth, a fuller knowledge

of European methods was desired. A number of prominent wine

merchants subscribed to a fund and sent Charles A. Wetmore—then

a young man, and a graduate of the State university, well versed in

the French language—to France to acquaint himself with French

practices. Mv. Wetmore was well received, treated with the utmost

courtes3% and came back enthused with the idea that France was the

greatest wine-producing country, and that California needed but fol-

low in her footsteps as a wine producer to become the France of the New
World. Imbued with this idea, he presented a bill to the legislature

creating a Slate board of viticulture, with a liberal appropriation,

the main object being to further viticulture in all its brandies. The

bill also provided for the districting of the State, with a representa-

tive from each district on the State board, and for a chief executive

viticultural officer with office at San Francisco. Upon the passage of

this bill Mr. Wetmore was appointed the chief executive viticultural

officer.

The new regime was initiated in 1880 with great energy and zeal, and

as the members of the board were all prominent grape growers, it was

accorded the genei-al confidence of the public. Mr. Wetmore espe-

cially was enthusiastic in advancing the theory that this State con-

tained a much larger acreage adapted to viticulture than France or

any other European country; that it could not be excelled in the pro-

duction of " vin ordinaire," and tliat enough of such wine could not

be produced to satisfy the dcMuand. This, with a lively demand for

grapes at high prices l)y the wine makers, created a furoie in vine-

yard planting in the early eighties. Many persons thought they Sivw
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in the industry the best means to become wealthy in a short, time,

and invested in vineyard property at high prices.

Expensive cellars and wineries, equipped with the best machinery

which the genius of Heald could invent, crushers, stemmers, and

jjresses capable of working up 300 tons of grapes per day, were intro-

duced. As an illustration of the sudden rise of the industry it may
be noted that the small county of Napa had over two hundred cellars

and wineries, ranging in capacity from 10,000 gallons up to 3,500,000

gallons, that of the largest cellar, the Greystone, above St. Helena.

DEPRESSION OF THE INDUSTRY.

The facts that success in grape culture could be attained only

through years of toil, during which the vines would have to be culti-

vated, staked, and pruned, and that rapid increase in production

would also necessarily reduce the prices, were overlooked, or at least

not sufficiently considered. The legitimate result came only too soon;

a crisis followed in the year 188G, when grapes dropped from $25 and

835 per ton to $8 and $10, and ordinary wines to and 8 cents per

gallon from first hands. The Phylloxera had also been doing its

silent but effective work on the roots of the Vinifera vines; numbers

of the vineyards of Sonoma and Napa counties had succumbed to its

ravages, but many of the vintners, not believing that their vineyards

would bo devastated by it, failed to adopt the only remedy, the plant-

ing of resistant vines as grafting stocks. Many of the grape growers

were bordering on despair. They had invested their all, some of them

more than their all, in their vineyards, and, expecting returns from

them, had borrowed money from the banks to keep them up. They

now found that the vineyards would hardly pay the cost of cultiva-

tion. At 5 to G cents per gallon for wine, the price paid by the deal-

ers, the hundredi3 of cellars and wineries, with their costly equipment,

had to close, and half of these are still empty or working up to barely

half their capacity. Cooperage, which had been paid for at the rate

of 10 cents per gallon, fell to 2 and 3 cents, and can now be secured

for one-fifth its original cost. Not only was the wine business affected,

but the raisin business also suffered from overproduction, notwith-

standing the fact that the growers had been duly warned against it

by Mr. George West. The conditions described, which continued

until Uw nineties, foi-med the darkest days of the grape growers of

Califoniia, and they are referred to only with the view of leading to

an avoidance of similar mistakes in the future. While these diffi-

culties and misfortunes, characteristic of the transition stage of every

industry, have pa.ssed, it is tlunight never to return, it may bo of

benefit to repeat some of tlie causes which worked the great change

in the industry. Phylloxera, although it destroyed thousands of

acres of once flourishing vineyards, w;is only partly to blame for the

disaslrous condilions. 'I'h<^ Analicim disease caused gn>at ravages
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in the southern part of the State, working destructiuu fasl^-Taiul even

more completely than the Phylloxera. The pi-iee.s leceived for grapes

and wine, the latter selling as low as 5 cents i)er gallon wholesale,

after six months of care, offered no inducement to the wine maker to

buy gi-apes from his neighbor, nor for the grower to plant and ciiUi-

vate them. As the vineyards w^ould not pay for staking and dili-

gent cultivation, many were left to take care of themselves. Owners
were at the end of their resources, and the banks which had loaned

money on the vineyards were obliged to take charge. In 1880, or

perhaps even earlier, some enterprising men, seeing the ravages of

the Phylloxera, and appreciating the danger that threatened grape

growing, at that time a lucrative industry, commenced the planting

of resistant vines, but most of the growers regarded the repeated

warnings they received only as a scheme to sell these resistant vines

and cuttings. The only remedy was the planting of new vineyards

on resistant stocks, and this course, owing to the low prices which

soon after i)revailed, from causes already explained, was not adopted

to an extent sufficient to make up for the decrease due to neglect and

the i-avages of insects.

TRADE CONDITIONS.

Unfavorable trade conditions were in largo measure responsible for

the reduction of prices to a point at which producers could no longer

exist. Both dealers and producers were by the summer of 1892 fully

aroused to the danger threatening the future of the industry. Fre-

quent conferences were held, but no tangible remedial measures were

adopted until the winter following, when the producers established

a s^-stem of cooperation; the Wine Makers' Corporation was formed,

and it soon controlled 80 per cent of the output. The corporation

was thus enabled to practically control prices, and it established a uni-

form s3-stem under which wines were rated as standard or common
and extra or finer, according to quality, all wines classed as inferior

to the first-mentioned grade being condemned as unfit for sale as wine

and ordered distilled. A contract was entered into b}' which an asso-

ciation of the principal dealers agreed to purchase from the "Wine

Makers' Corporation 5,000,000 gallons of wine yearly at prices to be

fixed by a joint committee, or, if the committee could not agree, by a

board of arbitration. Under this arrangement matters for a time

improved. Later, some of the producers having ent<}red the field as

dealers, underselling the dealers' association, the amicable agree-

ment fell through; so complete indeed was the rupture that sijine

lawsuits ensued belweeji the two associations.

At the annual meeting of the Wine Makers' Corporation, in Decem-
ber, 1897, a resolution was passed empowering the board of directors

to enter the markets of the world, ami the l)oar<l has done so with

marked success.

The outcome so far seems to be that tlio lawsuits referrexl to have
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boon coinpronjised, and a sale has l)oen made of 5,000,000 gallons of

red wine to the principal dealers of San Francisco at prices varying

from 12^ to 15 cents per gallon. This, in view of the phenomenal
production of 1807 (27,000,000 gallons of dry and about 7,000,000 gal-

lons of sweet wines) seems a fair price, although the production of

1898 may not exceed 8,000,000 gallons.

THE FUTURE OF THE INDUSTRY.

And now, after this retrospect of the vicissitudes through which the

industry has passed during the last fifty jears, which seems to have

boon necessary in order to show its i^resent condition, what is to be

said of its future? Many mistakes and blunders have been com-

mitted; indeed, there should be no hesitation in admitting that mis-

takes alone are to blame for any lack of success—mistakes largely

due to overconfidence in the great resources of soil and climate of

California. But in spite of all these vicissitudes the fact remains that

there has been laid the foundation of a great industr}-. "While many
who entered the lists with high hopes of success failed to achieve it,

either for want of means or experience, j'et we can not close our eyes

to the fact that "survival of the fittest" has again been the result,

and that there is still an army of those who are confident of winning

the fight, fully alive to the task before them, and determined to profit

from the mistakes of the past by avoiding them in the future. Nor

must the many obstacles that confront the industry be forgotten.

The consumption of wine among Americans is not, as in many coun-

tries, almost universal; moreover, among those Americans who use

wine there are many who, as the result of more fashion or fancy, con-

tinue to drink wines bearing French and (4orman labels, preferring

them at treble the price to good, wholesome California wine. It is

also a well-understood fact that in catering to this very prejudice

many of the best California wines are ofTorod for sale under foreign

labels, thus depriving the wine industry of the State of all the repu-

tation to which their superior quality justly entitles it, while it is left

to bear all the discredit of the poor wine oflPered for sale under the

domestic label. It is, moi-oovor, sirikingly illustrative of this Ameri-

can prejudice in favor of things labeled "imported" that even the

best American wines are rarely, if ever, offered at great banquets,

even when these are State oelobrations, at least under their own

names. Theso a?-o some of the disa<lvantagos attendant upon the

effort to build up a native wine industry. Besides all these, there

arc tho (limciiltics prosontod by the TMiylloxora and the necessity of

roplatiting with losistant stocks. Still, many are bound to keep on,

some, perhaps, Itrcausc, liaviiig invested their last dollar in the indus-

try, thoy can not go l)a<-k, but tho majority still have faith tliat, with

tho oxporiouco gjiinoil in tho past and in view of tho measure of suc-

cess atiaiiicfl and of ihi- iccognil ion a\var<lr(l California \\ ino in foreign
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countries, success will eventuall}' reward the perseverin;^ and intelli-

gent grape grower. At the Paris Exposition of 1880 not less than

thirty-five medals (gold, silver, and bronze) were awarded to wines

made on the Pacific coast, and since then many foreign experts liave

visited our vineyards to judge for themselves of the product. While

it may be said that little more has been done so far than to make
experiments, these experiments have shown that California has a

climate and soil not surpassed elsewhere on the globe for the produc-

tion of fine wines and raisins. The producers have learned to know
their shortcomings and their gains, and this of itself is a step to ulti-

mate success. California grape growers think thej' see the way clear

before them, and, undismayed, they will "fight it out on that line,"

even if it takes several summers.

VARIETIES TESTED AND EXTENSION OF TRADE.

Since the pioneers in the business introduced the best European
and Asiatic varieties, these have been tested on their merits in different

parts of the State. From the crude beginnings with the "Mission'*

grape in the making of white wine and clarets the growers have pro-

gressed to the best varieties of grape, testing over twenty varieties.

Wherever California fine wines, white or red, have been introduced

under their true labels they have been bought and consumed with

satisfaction, establishing their name and fame. Experience has taught

what and where to plant. Certain counties in the State have been

found to be adapted to grapes for the finest dry wines, and others best

adapted to fruit for sweet wines and raisins; it has also been found

that different varieties of grapes need different pruning and training

to produce the best results. It is known that it is folly to plant Vini-

fera varieties direct, and the best resistant stocks have been found.

The Riparia, once the favorite stock because it grows easily from cut-

tings and takes the graft readil}", it has been discovered, will only do

on deep soils and in locations which are under the influence of the

moist air in the neighborhood of the bay or the ocean, and that it will

not flourish in the interior valleys or on dry, gravelly soil, where the

Lenoir and the Ilerbemont withstand the longest drought. The Rupes-

tris seems also adapted to the driest soils and locations of tlie State,

especially the Rupestris St. George, lately introduced from France,

where it is now one of the favorite stocks. The growers are satisfied

now that many of the best varieties when grafted on resistant roots

in their proper localities will produce better crops than they ever did

on their own roots. Such are a few of the many lessons which have

been learned; and as the trade in California wines is extending in all

directions—to England, Belgium, Germany, the Hawaiian Islands,

Central America, Japan, and China, with the prospect that the newly

acquired possessions may also afford a market for our wines, ])randies,

and raisins— it is thought that the better era, which has been hoped

for so long, is dawning at last.



558 YEARBOOK OF THE DEPARTMENT OF AGRICI'LTUKE.

STATISTICS OF THE INDUSTIiY.

A few statistics may help to explain the present condition of the

industry and the confidence in better times and prices in the future.

According to the latest returns, gatliered bj' the California Wine
Makors' Corporation, there are 157,000 acres planted to grapes, of

which about 1)0,000, in ronnd numbers, arc wine grapes, the balance

being table and raisin grapes. The area in table grapes may be esti-

mated at 17,000 acres, which would leave 50,000 acres in raisins. The
trade in wines shows about G, 000,000 gallons consumed in California,

while tlie exports are about 14,000,000 gallons per annum, a total

demand of, say, 20,000,000 gallons, in round numbers. The vintage

of ISOfj fell somewhat short of tliis amount, and prices had advanced

to from 15 to 18 cents in the fall of 1896. Then came the unprece-

dented crop of 1897, about 27,000,000 gallons of dry wines and about

7,000,000 gallons of port, sherry, angelica, and sweet muscat, and also

the unfortunate wine war between the tvvo associations, who underbid

each other in the principal markets for so-called standard wines, that

is, "wines of low grade, for which a large market had developed among
the French and Italians in New Orleans and Xew York. With the

cellars full of wine everywhere, this created a temporaiy glut, and

these wines came down in price beloAv paying rates. But the season

of 1898 followed, with a crop variously estimated at from 8,000,000 to

10,000,000 gallons, enough below the average consumption to absorb

the surplus of 1897. New customers from abroad also entered the

market, so that, the larger wine makers, who at first offered only $6

to $8 per ton for grapes, bid up to 610 and $12 per ton before the

season ended, and thej^ are now buying all the young and older vint-

ages they can obtain at from 12| to 15 cents per gallon for clarets

and 14 to 17 cents for white wines. These, of course, are figures for

round lots or whole cellars. There is really no surplus, and all the

wines of both crops will be needed before the crop of 1899 will be fit

for market. It would not be surprising to see good, sound wines go

up to a wholesale price of 20 and even 25 cents per gallon. True, a

num1)or of young vineyards were i)lantcd during 189G-97, when prices

advanced; but as it will take four years from the time of i3lanting

for the vines to come into bearing, the product can not yet be counted,

while there is a direct loss of old vineyards, by riiylloxoniand neglect,

of at least 2,000 to 3,000 acres anniuilly. The continued drought has

also injured the vines in many sections, so that it will be surprising,

indeed, if the crop of 1899 exceeds 8,000,000 gallons, even under Iho

most favorable conditions.

THE MACHINERY.

During the palmy days of the industry human skill and inventive

genius did its utmost to construct crushers, stiMnmers, and presses,

which the experts of the Old World call the l)est they have yet seen.

With crushers and stemmers capable of working up 300 tons of grapes
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per diu'', a step finlhor has boon taken in tlie invention of llio must
pump, wliercby the grapes are emptied from above into the ei-uslier,

falling thence into a cjdinder below, whence thej' are carried through a

6-inch hose into a fermenting tank. Snch machinery is, of course,

only used in large establishments, wlierc many thousand tons of

grapes are worked np in a season. There are a number of tanks in

large wineries which have a capacit}' of 25,000 to 30,000, even up to

100,000, gallons, and the Italian Swiss Colony has capped the climax

with a wine cistern holding 500,000 gallons. When this was empty in

the Slimmer a great fete was given and a dance performed inside.

While referring to the subject of machinerj'^ and to the magnitude
of the plant devoted to the manufacture of wine in many establish-

ments, a warning, which may also sers'e as some encouragement to

the smaller producers, may be timely. It is this: The very best results

as regards quality must not be expected from these immense estal>

lishments. Tlie care in every detail essential to the veiy best quality

of wine is difficult to attain in the conduct of a big establishment,

where, moreover, the selection of the grapes can hardly be as discrim-

inating as when conducted on a smaller scale. Wine making is not

only an industry; it is an art. It is from the smaller cellars, under the

constant, watchful supervision of the proprietor, who must himself be

an expert connoisseur in wines and must know just how to handle

the product at every stage during, as well as after, its manufacture,

that Ave may expect wines of such ilavor and delicacy as to command
the highest price and add to the fame of the California wine product.

THE BEST VARIETIES OF GRAPES FOR FIXE WINES.

A sketch like this would not be complete without naming some of

tlie best varieties of grapes for fine wines. The two great require-

ments are fine quality and at least moderate productiveness, for an

uniDroductive variety will not pay at the low prices at which grape

growers must sell.

Dry-wixe grapes.—For white wine: Semillon, White Burgundy or

Chablis, Red Yeltleiner, Franken Riesling or Sylvaner, Lady de Cov-

erly or Thompson Seedless, Sauvignon Verte, Traminer, and Johan-

nisberg Riesling. For red wine: Petite Sirah or Serine, Butan, Val
do Penas, Carignane, Petit Bouschet, Alicante Bouschet, Spanna, and
Tannat.

SWEET-WIXE GRAPES.

—

For slurry wine: Palomino or LisUin and
Yellow jMosler. For port wine: Trousseau and Zinfandel. 'J'lie last

variety has been the leading claret grape, but has many faults. Its

good qualities are productiveness and Cii-sj' cultivation and pruning.

Grown on hillsides and in red soil, it makes ati excellent wine, l)ut in

moist locations it lacks color and flavor. Its great drawbacks are

uneven ripening, liability to rii)e rot, and the dithculty in fermenta-

tion, all of which make its production very UifTicult and uncertain.
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THE RAISIN INDUSTRY.

This is second only to the wine industry in importance. It centers

principally around Fresno, where barely fifteen years ago the begin-

nings were made. Encouraged by the large returns, vineyards of

hundreds of acres were planted on every ranch, until the product of

1897 amounted to over 4,000 car loads of 10 tons each, at a price of If

cents per pound. 'J'his was a losing price for the producer, and even

at this low figure 1,000 car loads were left unsold. The raisin growers

saw that something must be done, and an association was formed,

with Mr. Theodore Kearney as its president. The necessary steps

being taken, about 90 per cent of the growers were secured, who obli-

gated themselves to sell only through the association and at the price

fixed b}' it. The price was fixed at 3 cents per pound, with the pros-

pect of raising it as the market justified, but with a guaranty to each

buyer that the price would not be lowered. The price was after-

wards raised to 3i cents, and the result was that not only the 1,000

car loads from the crop of 1897 were disposed of, but that the entire

crop of 1898, amounting to about 3,000 car loads, was sold, excepting

perhaps 700 car loads, which would not last over a month. All of these

sales were made for cash, and the result was that over $3,000,000

was distributed among the members of the association, witli a pro-

rata share still due them at the final settlement. It is now the aim

of the association to draw all the raisin-producing counties into

league with it, and thus to make a pool of the whole industry-. In

a j)aper, read before the State board of horticulture at its annual ses-

sion, Mr. Kearney proclaimed the belief that there was no overpro-

duction possible if the markets were managed in the right way, and

the last season's experience encourages his conclusion. He advises

strongly that the ijrune growers of the State organize on the same
plan. The best varieties of grapes for raisins are ^luseatel Gordo

Blanco, Muscat of Alexandria, Sultana, and Lady do Coverly, better

known as Thompson Seedless. The Sultana will also make excellent

wliito wine.
TABLE AND MARKET (JRAPES.

This brancli of grape growing seems not to promise very large

returtis, either at homo or abroad. The best returns seem to be from

late varieties, such as Flame Tokay, Emperoi-, and Cornichon.

There are districts whei-e these grapes will remain fresh on the vines

even in Januai-y, and as they can be shipped to the San Francisco

market at tliat time, there seems an <)i)ening for them at lucrative

j)ric('S. \'(M'd('l, Thompson Seedless, Ulack Malvoisie, and ]{()se of

Peru are also excellent table and market varieties.

BRANDY I'RODUf'TION.

IIiMM'ly pro<hiclioii lias iiiereasi'd very iiuieli and could l)e increased

still more il' all infeiior wines, inslea<l ol being fixed u[) so as to i)ass
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for so <.'all('(l "slaii(l;ii"(l," were; distilled. It is al.so the best way to

dispose of the second-crop Muscats, the yield of which is very heavy,

and will not make first-class raisins. The shipment from the State

amounted in 189G to 42,504 [gallons, valued at ^40,HG1. The Vina
vinej^ard, established by the late Senator Stanford, is the larj^est in

the State, comprising in all 3,054 acres. This vinej'ard was planted

with the benevolent intention of the owner to furnish a cheap, pure
wine to every laborer, but the grapes being found unfitted for light,

dry wines, the crop is now almost entirely devoted to the production

of brand}'^ and sweet wines, and the brandies made therefrom have
won a high reputation. Some of the choicest brandies are made at

El Pinal vineyards, the property of Mr. George West, at Stockton,

which is also one of the largest sweet wineries in the State, with a
branch in Fresno County. It is considered that it takes about 5

gallons of dry wine of about 10 to 12 per cent alcoholic strength to

make a gallon of good brandy, and during the low prices of wine a
great deal was distilled and thus utilized. Large shipments were
made to IIam])urg and Bremen, where they were favorably received.

INFLUENCE OF LOCALITY ON QUALITY OF GRAPES.

The influence of locality upon the quality of the grape is very
marked, even in the same counties and districts. No one who has
not lived in the State a number of j^ears can estimate fully this influ-

ence. The effects maj^ be summed up b}' noting a few general char-

acteristics. The deep lands of the river bottoms will produce the

greatest quantity of graj^es, -while the hillsides will yield the best qual-

ity at the sacrifice of quantity, and the higher the elevation the more
marked this dilTerence will api)ear. Then, again, there are certain

districts which will furnish the best grapes for light, dry wines, while

others will produce only fruit for fine sweet Avines, raisins, and
brandy. Thus, the counties clustering around the bays of San Fran-
cisco and San Pablo, Napa, Sonoma, Solano, Alameda, Contra Costa,

and Santa Clara, are considered to make the finest light, dry wines.

To these the writer thinks the counties of Lake, Mendocino, and
IIuinl)oldt maybe added, though viticultui'e is not in an advanced
condition because of the lack of railroad facilities. Santa Cruz also

furnishes some fine wines. The central and southern counties are

better adapted to grapes for sweet wines, raisins, and bran<ly, though
there are undoubtedly locations in all of these, in the mountainous
districts, where grapes for fine dry wines can l)e grown.

CONCLUSION.

The foregoing is but a sketch of the development of the prape
industry in California. The field is too large and varied to be fully

covered in the limits of a single paper, even if any one individual

could be found who is fully competent 1o liamlle the subject. The
1 A!J8 3G
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writer ciiu trutlifully say that tlic question lias received his best

thought and study, and it is his earnest conviction that grape culture

has found a ti-uc home in California; that it will expand and grow,

as it only can in congenial soil, and that the time will come when it

will triumph over all obstacles and become a useful and profitable

industry—wheji California wines and raisins will be known and appre-

ciated throughout the world. California has all the material to accom-

j)lish this. The day may be far distant, and the present generation

may not live to see it, but that it will come eventually there is not a

doubt.



THE HAWAIIAN ISLANDS.

By Walter Maxwell,

Director awl Chief Chemist of Hovaiidu Sugar Planters' Associolion

AREA AND POPULATION.

Tho Hawaiian group comprises some eight distinct islands, seven of

which have a registered population. These islands are separated from

each other by ocean channels that varj- in width from tlie narrowest,

covering G miles of sea, to the broadest, measuring 01 miles. The
archipelago lies within the limits of latitude 19'' to 22° 15' north and
of longitude 154° 48' to 1G0° 20' west.

The suj)orficial areas composing the group, wiili their ic^speclive

populations, are as follows:

Area and population.

Islands.

Hawaii

Maui
Oahu (seat of government)

Kauai

Molokai

Lanai

!Niihau

Kahoolawe

Total

Areas.
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exposures, present the same conditions, soni<» having temperatures

l*" to 3° higher, others 1°. or 2° lower; wliile sea-level temi)eratures

with a windward exposure are generally lower, in some cases 5° to 7°.

Leaving the sea level, the air temperature falls Avith increasing alti-

tude; in certain ascertained locations it falls at the rate of 1° F. for

each 200 feet. The rate of decrease of temperature, however, is very

vai-iable, being aflCected by such factors as prevailing winds, open or

forest-covered areas, level or extremly broken up land surfaces, and
the prevalence of deep valleys and alternating i-idges. Due to these

factors, climate is extremely local, varying with the ijrevalence of con-

ditions confined within very small areas. Yet, there is the general

decrease in temporatuie with the increase in altitude, this rule pro-

gressing until a temperate climate is reached, the variation in tem-

perature moving between above freezing point and 70° F. Finally

the elevation depresses the mercury below freezing point, from which
level the ascent leads up to the great mountain altitudes of from

8,000 to 14,000 feet, where many degrees of frost have been recorded,

and where the snow lies during most, and in some i)laees all, of the

months of the year.

The variations in rainfall are as great as in temperature, the factor

of altitude being the main cau.se of variation. At the sea level in

Honolulu the rainfall is some 32 inches per annum; at an altitude of

OOO feet the rainfall is 110 inches. On the island of Maui in one dis-

trict the rainfall at sea level was 28 inches, and, during the same
period, at an altitude of 2,800 feet the yearly rainfall was 179 inches.

Exposure to rain-bearijig winds, especially where the land surfaces

are covered with forest, is also a controlling factor, in unison with the

factor of elevation. In the driest district the rainfall rises with the

altitude; but, taking the island of Hawaii as an example, betsveen

districts of the same island, and at corresponding altitudes, the actual

records show variations in rainfall between 00 and 100 inches per

annum. The extremes of variation in recorded rainfalls, covering

th<' four chief islands, are between 12 inches and I'.i.V feet of rain per

year.

These varying conditions of climate, due mainly to altitude, provide

most rea.ssuring possibilities in respect to the public health. It is also

apparent that these great variations in temperature, by which even

the limited area of these islands is resolved into actually troi)ical and

temperate zones, constitute a basis upon which a most diverse agri-

cult »ire can b*' built up.

SOILS OF THE ISLANDS.

Over the sites upon wliidi the s('V<'ral islainls rest to-day the waters

of the Pacific rolled, and but a short time ago. The islands are the

result, on the one hand, of vast internal earth movements, whereby
subniarinc l«'\<'ls were lifted uj), and even raised sheer out of the
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water; on the other liand, ooii tin nous oi" siiccossivo jjoriods of eruj)-

tion, whicli were at first Kubiiiaiinc, by vast outpourings of lava hiid

the broad foundations of the islands beneath the ocean surface, and

finally raised the superb mountain cones and heights, reaching ui) to

as much as 14,000 feet above the level of the sea. The whole islands,

therefore, are of volcanic origin, and, geologically speaking, they are

of very recent date.

In consequence of the volcanic origin of the islands, the soils are

wholly derived from basaltic lavas. In respect of color and geolog-

ical and chemical composition and nature they fall into the following

classes

:

(1) Dark-red soils.—Soils formed by the simple decomposition of

normal lavas under climatic action, and more particularly where

great heat and small rainfall have prevailed.

(2) Yellow and light-red soils.—Soils which differ not only in

color but also in their composition from the dark-red soils, these dif-

ferences being due to special phj'sical and chemical induences which

marked their origin.

(3) Sedimentary soils.—Soils derived from the decomposition of

lavas at high altitudes, the decomposed matter being remove<l b}- rain-

fall and deposited over lower levels.

LOCATION AND CHARACTERISTICS OF THE SOILS,

On account of the gradual rise in altitude of the lands from the

sea level to the mountain elevations already described, the soils have

come to be spoken of also as "lowland" and " upland" soils. The
measure of increase in altitude is, on an average, some 300 feet per

mile, thus furnishing the acute slopes which have caused the forma-

tion of the sedimentary soils.

The "sedimentary soils" cover the levels and flats bordering on

the sea, forming also the deltas receiving the wash from mountain

gorges and valleys. These soils, almost without exception, are very

fertile, and because of their great depth over considerable areas tlie

fertility will be of long duration.

The "dark-red soils" are chiefly confined to the areas located imme-

diately above the sedimentary flats and lowlands, on the leeward and

dry sides of the islands. These soils are also of great depth and

uniform composition, and their fertility, so far, is «'(iual to that of the

lower lands.

The higher lands, or such as range from 200 to 500 feet above sea

level up to 2,000 feet, are extremely different in type and composition.

Due to the heavy rains that fall upon the uplands, the decomposing

lavas and soils have l)een largely borne down to the lower levels,

and, as a result of the climatic conditions, those highlan<l soils are not

only of snuill depth, but they also have been largely depleted of the

more soluble elements upon which vegetation thrives. These soils
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tlu'i-eforo are less fertile, and their virgin fertility becomes compara-
tively quickly exhaiisted. In general, however, Hawaiian soils are of

great virgin fertility. Agricullni-ally, they are young and in a state

of primary freshness as compared with the soils of old continents and
islands.

I'RODUCTS OF THE ISLANDS.

'J'lie Hawaiian Islands arcMvholly dependent on agriculture for their

industiial maintenance. There has been no industry not directly

agricultural up to the present date of their historj'. This fact makes
it very urgent that the agricultuial i-esources, so far the only source

of wealth of the islands, .should be <leveloped along all i^ossible lines

and to the utmost limit.
SUOAU.

The production of sugar employs the major portion of the capital

and labor upon the Hawaiian Islands; it aLso furnishes the bulk of

the exports, and provides the wealth and maintenance of the great

majority of the people.

It is about sixty years since sugar was first produced for sale upon
the islands. At that time the methods of cultivation and manufacture
were very crude and the production was small. Even so late as the

j'ear 1880 the total output is recorded as having been 30,000 tons.

Without taking the time and care to traverse each stage in detail in

order to show the "ups and downs" of the industry and by what
efforts it has reached the present dimensions, it will be sufticient to

state the total value of Hawaiian exports for 1897 and the proportion

of that value accruing from the shipment of sugar: The total of

Hawaiian exports for the year named amounted to ?!lG,021,775.19,

while the sales of sugar amounted to !j'15,;]'.)0,422. 13. These figures

present at a glance both the sum of the trade which the islands trans-

acted in 1807 with foreign countries (over 00 per cent of which was

with the United States) and the dominant and vital part that sugar

plays in the industrial existence of the country.

Sugar is grown on Hawaii, ^laui, Kauai, and Oaliu, the four hirgest

islands in the group, and its cultivation is about to commence on the

islands of Molokai and I.anai. There are some sixty plantations now
in op(!ration, each one having its own mill or factory equipped for the

manufacture of raw sugar. The sugar-growing and sugar-making

capacities of these rstales vary bet wren less than 1.000 tons up to near

20,01)0 Ions of sugar per annum.
Much of the low, le\<'l, siMJinicnlary ar(>as hortlcring on the seashore

is used for gnjwing sugar, while tiie areas of rich, dark-nMl .soils,

located at comparatively low altilu<les, are used ext'lusively for this

purpo.se. Very considerable breadths of the less fertile yellow and

light-red soils, with larger stretches of ui)lands that reach up to 1,500

feet, and in locations as liigh as 2,000 feel, above the sea, are also

used, so far as it is found pi'olilable, for sugar growing.
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Tlie relative fertility and values of the several soils are shown in

the following statement from an otficial investigation, wliich embraces
the average results of three successive crops:

Profhtctii'oicss of .so//.s.

Pounds ijf

sugar per acre.

Dark-red .soils 10, 411

Sedimentary soils 10. 301

Yellow soils. 0,291

On an average two 3'ears are required to make a ci-op of sugar in

Hawaii, while onlj- one year is required in Louisiana, so that the sum
of the Hawaiian jield requires to be cut in two in order to compare it

more aecuratel}- with the annual production of Louisiana.

The area of arable lands u.sed in growing sugar in Hawaii may l)e

deduced from the figures in tlie following table, which al.so shows the

annual production of sugai-:

Animal j^rodiicfioit of sugar in Hawaii.

Year. Canemann-L , Yield of

factured. Sugar made, sugar per
I

acre.

1895.

18%.

1897.

Acre^.
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but often too low and swampy for cano eultui-o. These locations are

favored with an abundance of sweet water, which is discliarging to

tlie sea. and this is a first essential condition in rice culture. During

the ij:rowth of the crop and up to the time of matni-it y the hinds bear-

ini; rice are held under water, which is kept gradually flowing and

nof allowed to stagnate and sour on the ground.

The rice growers are almost wholl}' Chinamen. This race is able to

work and thrive in conditions of location and climate which other

peoples do not appear able to endure. From lowland climatic action,

which is liable to induce low fever, especially among Japanese, the

Chinaman is apparently immune. Certain small areas of low bog

lands in and about the suburl)s of Honolulu are being rapidly drained,

cultivated, and planted with vegetables or fruits or overflowed with

sweet running water to support the rice crop.

The area of rice lands is not appreciably increasing. There is a

tendency to use certain of these lands, which allow of it, for sugar

growing, the present prices of sugar being very tempting.

The coffee berry is a natural i^roduct of Hawaii. It is growing wild

in locations upon several of the islands. These wild trees have

reached a large growth, and they are still furnishing berries to the

native Ilawaiians. When the berry was first introduced into the

country is not known. It passes as one of the growths native to

th(? islands and their conditions.

The interest taken in coffee to-day, however, with its prospective

value, is lifting the question of i^roduction from a wayside matter into

one of the most engaging industries of the islands.

Coffee is being cultivated upon the four larger islands. On Maui
and Kauai the work has not passed the experimenting stage in areas

antl results. On Oahu the i)roduction is, in one district, getting on to

a commercial basis. It is to the island of Hawaii, however, that one

must go in order to see what is being done and to estimate the possi-

bilities of the industry.

There ai'c four main coffee districts on the island of Hawaii, namely,

Puna, Olaa, Kona, and Ilamakua. A census of the areas in the .sev-

eral districts that are at this time under coffee has been attempted,

but the data do nol Justify a pi-ecise statement regarding the number
of a<*r«'s and accomplished i-esults. Many plantci's e.\[)ress areas by

nunil)<;r of trees, but as the distances between trees are not uniform

acreage can not be i-eliably deduced. In the disti'ict of Olaa, which

<-laiiiis tlu^ largest total area and the greatest number of planters, tlie

land actually urnler coffee is about, (i, (>()(» acres. The other districts

have i-<dafively smaller a)-eas under plant than Olaa, but this i)i-esent

cir-cumslanee does not nee(»ssarily indicate th<' future i-elative impor-

taiiee ol' the several districts. The matter (»f soil, w ith t he essentially
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associated climatic conditions, arc tlic prime factoi-s whicli will ulti-

mately determine the values of the i-espective districts for pcrniaucnt

coffee growint::.

An idea is had of tlie commei'cial importance of tlie coffee industry

by observing the exports of the beri-y to other countries. Foreign

shipments, however, do not express anj'thing like the volume of the

total production, since the coffees used on the islands are chiefly

home grown. The exports for 1807 were 337,158 pounds, valued .at

$99,690.62.' 'Jliese figures, however, not only do not represent the

volnme of prodnction for the year stated, bnt they fall still further

short of indicating the present basis of the industry. The coffee tree

requires several 3^eai"s of growth in coming to economic beai'ing. This

means that while the present area of actually bearing lands is so

much, a larger or smaller area may be in course of coming up and will

be added to the actually producing lands within a year or so. This

fact is well illustrated by the following conditions now obtaining in

the Olaa district: Coffee area—under one year old, 1,821^ acres; one

to three j^ears old, 2,740.V acres; over three years old, 1,344 acres.

Certain of the areas of " from one to three years old" in 1897 are

now bearing, and other areas are closely approaching that state.

^

The coffee industry of Hawaii is not destined to impress the world

by the great areas under cultivation or the volume of shipments cor-

responding to the production of other countries. Hawaiian coffees,

however, are on the way toward a permanent reputation for high and
specific quality. They have their own aroma and marked flavor as

distinctly as does the Hawaiian pineapple, which makes itaromatically

superior to most knowni pineapples. With the delicate flavor is also

associated a mildness and freedom from the acridness that nmrks many
individual and unmixed coffees that ai-e on the market. Hawaiian
coffee is comi)lete in itself, and no known mixtui-e adds to its native

excellence. Prices already obtained for selected samples sold abroad

justify the view that this coffee is capable of reaching a uni(|ue posi-

tion, where qualit}' and not price is the first consideration of the con-

sumer. This consideration of " quality" makes it necessary in the

highest degree that Mie culture shall receive specially intelligent care.

It is further and equally necessary that the utmost attention shall be

given first to the cleaning, and then to the 'grading of the berries, in

order to place them on the market in [»i-csentable and advantageous
form.

The coffee industry is in the hands of men of varied nationalities.

Anu)ng these are found (Tcrmans, Port uguese, Amei-icans, Englishmen,

and Asiatics. The great body of coff'ee growers, however, are Anglo-

Saxons. These men are, in the nuiin, prospective and permanent
settlers. If they succeed in their undertakings the country will be

' Report of Hawaiian Collector-General of Customs. U. S. Treasury. ISllT.

•For areas and coiulitioiis more in detail, see report of Cousul-General Ilaywootl

to the State Department.
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bonofited by the acldilioii of an industry wliidi will bring with it a

class of weighty and vahmble citizens.

It is not possible at this time to speak with full detail and assur-

ance upon tlie present economic condition of the industry. There are

concerns wliich are reported to be already upon a paying basis and
wliere good interest is being received upon tlie capital invested.

There are others which have not yet readied the stage of returns on

the outlay, and there are cases where loss and failure have resulted.

These cases of actual failure, however, should not be allowed to prej-

lulice the situation of the industry. The causes of failure in certain

cases have been just those causes which would have induced failure

in any undertaking. For example, where a man has gone into coffee

with too little capital he has not been able to hold out until the crop

reached the bearing stage, or stage of returns. Again, men have

gone into coffee culture without knowledge of, and experience in, the

work, and loss and failure have followed in those cases also. It is

most liable to be the case, however, that the man of small capital is

also a man of little experience, since where there is more capital at

stake and more experience to direct its expenditure men move slowly.

"Where both want of capital and of experience come together then the

result is sure and not far off. Apart from individual cases, it must

be said that natural conditions, such as soil and climate, the state of

the younger plantations that are on the way to the bearing stage,

with certain actual results from older plantations—all these justify

the l)elief that coffee growing can become a sound and paying indus-

try in these islands. Any tendency in growers to give up coffee for

sugar, where it is possible, at this time is very doubtful policy; not

because the sugar industr}' may become less profitable but rather

that the lands that are now in, and going into, coffee are not suitable

for continuous sugar planting, of which there is abundant proof.

The scale upon which it will be most profitable to carry on coffee

jjlanting has not yet been determined. The small planter may bo able

to make it work with coffee as the money-yielding crop, but producing

most of the articles of food for himself and family. By men of cap-

ital, who have looked into the question more precisely from the finan-

cial standpoint, it is definitely stated that, in order to make coffee a

permanent industry and capable of taking its place witli other indus-

tries, the plantations must l)e on a comparatively large scale, so that

it will bo po.ssible to engage a steady supply of labor for them and

l))ovide the best mechanical ukmus for the cleaning and grading of the

iK'i'i'ies. One other view is that coffee will become the most remunera-

li\c as an adjunct to existing sugar plantations, chiefly on account of

the matter of labor. It is strongly represented that as the altitude

for coffee planting commences whore sugar planting ceases, the indus-

tiies are naturally contiguous, and byan a<ljiistment of the labor staff

could be made interdependent. There are two examples whi'h indi-

cate that this latter view may develop into a reality.
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FRUITS,

The fruits tliat arc grown in quantities to amount to items of export
are bananas and pineapples. The total production of the.se fruits it is

not possible to give. The home consumption of eacli fruit is very con-

siderable, being consumed by all classes of the community. The
exportations of the two fruits, respectively, for the year 1897, mo.st of

which went to the United States, with a fractional portion to Canada,
were as follows: Bananas, 75,835 bunches, valued at %75,412.50; pine-

apples, 149,515 pecks, valued at ll4,42o.l7.

These are the two chief fruits of the island.s, for which there is an
ample market in the United States free from competition witli the

American articles. Any other fruits, such as oranges, limes, and
lemons, or stone fruits, although callable of l)eing grown in abundant
quantities to meet the island requirements, can not be grown for

exi)ort to enter into competition with the fruits of California.

The bananas grown on the islands are well known fortheirextremely

good quality. Chinamen are the chief cultivators of the banana,
which flourishes in rich, deep, alluvial or deposit soils on the low levels

near the sea and in the rich and protected valleys. White men with

their better methods surpass C'hinamen in tlie cultivation of this fruit.

The pineapple culture has been taken up by Americans and other

white culturists. The very finest fruit, however, is the small native

pineapple, which has an extremely delicate aromatic flavor. The
latter has been grown an indefinitely long time and chiefly by the

native Hawaiians.

The capabilities of the Hawaiian soils and climates for variety and
excellence of fruit production have not yet been amply tested. There
are individual locations and private grounds where experiments are

seen in course of trial which indicate that fine ([uality aiul an enor-

mously increased quantity of the fruits mentioned and numei'ous

others can be grown with full success.

VEGETABLES.

The city of Honolulu is almost wholly supi')lied as to its table needs

by Chinamen, who occupy suitable lands within and around the city

limits. The mode of distribution or service of houses is fairly good,

but the quality and variety are limited and poor. Without specify-

ing in detail, there is an ample field for improvomont in the methods

of supplying the tables of the city with green food of well-developed

quality and freshness. The country districts provide tliemselvos,

yet hardly any surplus reaches Honolulu excepting native taro and

a few bags of Irish potatoes.

NEW CULTURES AND INDUSTRIES.

Concerning the addition of new cultures and industries to the ones

that have been described very considerable may be indicated. ^lost

prominent among probable successes is grape culture. There are
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nninorons (»xainplos upon a small scale in several of the islands which

attest beyond (juestion that, much can be done in c^rape and wine pro-

dnclion. Il is not possible to say at this time what action the soils

may have upon the character of the juice and its products, excepting

that much of these lands naturally tends to produce high purity and

quality in the saps and juices of vegetable organisms generally as

compared with the soil and atmospheric conditions of other lands.

Also, in addition to fruits and their products that may be added to

the present industries of the islands, it is quite within the limits of

probability to say that the soils and climates of the islands will be

found favorable for the culture of plants and trees that yield " barks"

and "milks" from Avhich medicinal preparations are made. The
cinchona barks can certainly be produced on the sheltered altitudes

of the islands. Again, there are the conditions here for producing

growths yielding flavors and dyes.

Further, there is room foi" a great expansion in fruits and growths

that thrive specially well in salt soils near the sea. The cocoanut

trees thrive admirably in these locations, and in time would be remu-

nerative as an incidental culture.

Some note is to be made of possibilities in cereal production. The
great differences in climatic conditions, that is, in temperature and

rainfall, of which account has been given, indicate that there proba-

bly exist locations at temperate altitudes where wheat, barley, oats,

and corn (maize) can be, and in fact are, successfully grown. At

an earlier time wheat was grown in small amounts for bread making.

Patches of oats may be seen to-day, while very recent experiences

with American corn have shown that this cereal grows and matures

perfectly. These observations are of special moment, since the suc-

cessful establishing of small lioldings and permanent settlers upon

the available lands not uiuler sugar will largely dei)end upon tlie

ability of those small farmers to provide all the feed reciuired by

their aninmls, as well as most of the sustenance for themselves and

their families. It is thus fortunate that the conditions suitable for

growing coffee are also the conditions in which corn, sorghum, rye,

and other cereals, and all common vegetables can be produced.

FORESTS.

The forest areas of the Hawaiian Islands were very considerable,

covering the upland i)lateaus and mountain slopes at altitudes above

the lands now devoted to sugar growing and other cultures. Those

areas, however, have sutTered great reduction, and much of the mo.st

valuable forest cover has been devastated and laid bare. The causes

given, an<l to-day seen, of the great destruction tliat has occurred

are the direct removal of forest without any replacement by replant-

ing. Again, in consequence ()f the wliolesale crushing and killing off

of forest trees bv catth', which h.ive been allowed to traverse the
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woods and to ti-amplo out the brush and uiulcrgrowth wliicli i)i-()teoted

the roots and trunks of trees, vast bi-cadths of superl) forests liavo

dried up, and are now dead and bare. All autliorities of the past

and of the present agree in ascribing to mountain cattle, which were

not confined to ranching areas but allowed to run wild in the woods,

the chief part in the decimation of the forest-covered lands.

Forest areas reserved with respect to location and maintained in a

state of vigor and sound growth are of the first importance to the

agriculture of the islands. The greater number of the sugar plan-

tations and all of the rice and banana fields are depending upon an

elaborate and costly system of irrigation for their water supply, and

the operation and availability of the irrigating waters are lai'gely

depending upon the area and state of the forests upon the mountain

altitudes. It is not only claimed that cool forest covers cause precipi-

tation of rain, but that the thick undergrowth and brush assist in

conserving the water and in preventing its precipitous discharge to

the sea, which conditions are indispensable in maintaining a regu-

lated supply of water for distribution over lower lands.

Efforts have been made to restore the forest where it has been

killed out. Several of these individual efforts have not only resulted

in great benefit to the localities where the experiments have been

made, but they are serving as object lessons, showing the immediate

need of inclosing given forest areas and defending them against the

action of cattle, thus allowing the depleted undergrowth and trees

to come up again, a result which has followed in every case where

inclosure has been adopted. Local efforts, however, do not meet the

demands of the forest question from the standiDoint of the interests of

the islands as a whole. What appears to be the most immediate

needs are a thorough expert examination of the islands and of their

reriuirements in j)ermanent forest areas, an insijection of the exist-

ing forests, and the adoption of means for improvement and main-

tenance. It may be possible for such an expert survej' to show that

poi'tions of lauds still under forest could be cleared for cropping

without prejudice to the immediate or to distant localities, and, on

the other hand, to indicate that the disturbance of existing forest

areas in given locations would result in detriment to agriculture all

around. Because of its bearing upon the immediate and permanent

interests of agriculture, there is no question which demands at once

a more careful and expert investigation than the state of these island

forests.
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INSECT PESTS AND PLANT DISEASES.

In reference to insect pests and plant diseases, a statement from

Prof. A Kocbele, official entomologist of the Hawaiian Islands, bear-

ing upon the existence of or liability to plant diseases, is here given,

as follows:

Dr. Waltkr Maxwell,
United States Special Agent. Haicaiiaii Islomls.

Deau Sir: In i-eply to your inquiries, I will say that it appears to me that little

fear need be entertained in regard to the introduction of scale and other insects,

since we have here an abundance of parasites and predatory insects preying upon
and keeping the same in check.

Strict attention, however, should be paid toward guarding against the introduc-

tion of Melolonfid, Elateria beetles, etc., destructive to living roots of plants, as

well as to any fungoid diseases destructive to vegetation that are liable to reach

the islands with soil or plants imported.

Respectfully, A. Koebele.
Jantauv '), 1899.

The labors and experiences of Professor Koebele upon the islands

amply qualify him to speak upon the matter in question, and his state-

ment gives the assurance desired within the limits spoken of.

RANCHES.

I'p to the present time the Hawaiian Islands have been supplied by
home-grown meats, and the supply has been ample. In fact, it is

recorded that the number of cattle ranging the grazing areas some
years ago was so large in proportion to the consumption of meat, that

they were slaughtered chiefly for the hides, the carcasses having but

verj- small value. Since that period the meat-eating population has

increased, while the areas devoted to grazing and the number of cat-

tle have gradually diminished, so that at the present time we are face

to face with a situation in which the supply will no longer cover the

demand. The supply of the countr}- districts is furnished by the

immediate localities. In some cases the sugar jilantations have cattle

lands which nieet the demands of the plantation labor and of local

private requirements. There are also large independent ranches.

After the local demands have been satisfied (he surj>lus of meat cattle

produced upon the sevei-al islands is gathered up and shipped to Hono-

lulu, to meet the consumption of the city tables. It is thus seen that

the fir.st indications of short supply will be felt in Honolulu, an<l the

meat supply associations state that this is already the case.

If has been found by investigation that districts upon the islands,

notably Kauai, which formerly had a large surplus for shi[)ment, ai"e

at this time barely meeting the increased and increasing local demands.
Hanelinien rejiort that "in given districts the suj>ply is now hardly

a<le(|uateto the immediate local calls." In view of these facts, it is

at once apparent that the future meat supply of the islands, and
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particularly of IIoiioliilii, will dcixnid upon now faotorsand conditions.

The present requirements of the city and of vessels inakinj; poi-t at

Honolulu are shown by the animals slaughtered in 1898, as follows:

Cattle, 8,780; calves, l,o78; sheep, 0,171; swine, 7,2G0. These data

were furnished by William T. ^lonsarrat, veterinary surgeon and
Government inspector of meats. Mr. Monsarrat not only pos.se.sses

all data lelating to the number of cattle slaughtered, but he can also

report upon the state of health of Hawaiian cattle. Concerning cattle

slaughtered outside of Honolulu data are not available.

The course through which ranching may develop into a more remu-

nerative industry and the means b}' which the home supply of meats

may be rendered a sure factor and more nearly adequate to the grow-

ing demands of the communitj' are bound up with the future char-

acter of other industries, more notably that of sugar.

Formerly, and but little more than a (piarter of a century ago, cat-

tle were more numerous upon the islands. They had wider ranges

to rove over and feed upon ; they were the possessors of the land,

and their value consisted chiefl}' in the labor and hides which they

yielded. At that time the plantations, which were of smaller areas

than now, were almost wliolly worked by bullock labor. Eveij to-day

there are still thousands of oxen used in plowing and hauling, their

energies being utilized as mechanical force inf^tead of in the form

of meat. In the course of time, and that very recent, the sugar

industry has undergone great expansion. The lands, some of which

formerly weve among the best for meal-making uses, have been

absorbed b}' the plantations, and the cattle have been gradually

forced within narrower limits at higher altitudes. With the increase

in sugar the number of cattle has become relatively and constantly

less. A first result of this change was that an adequate supply of

" cattle labor " was not available. Room was thus made for mule and
horse labor; more recently steam, as applied to the plow, has come
in, and in some districts has almost wholly superseded animal labor

in the field. With the extension of the use of steam for plowing and
hauling and the introduction of electricity where steam is less prac-

ticable, it appears a question of only a short time when the bullocks

will be forever relea.sed from their yokes and the island cattle will be

grown and used onlj- for meat i^urposes. The present trend is wholly

in the dii'cction of a higher condition of things an<l the rate of change

is distinctly rapid. Any change or reversion of the present relations

of the sugar and cattle industries must depend chielly upon the rela-

tive values of sugar and meat. At the present prices of sugar even

the thinnest upland soils pay to plant with sugar cane. As an imme-

diate fall in sugar values is not imminent, it is not apparent that any
immediate change in the relations of the two industries will take

place. However, this is not positiNc. When sugardi'clines from the

present prices, which the cost of product ion inak«'s prol>able in the
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near future (within tlie comparatively short time of three to five

years, as rogardcMl by most authorities) and the price of meat goes

up, tlu'U the hmd areas, i-espectively under sugar and meat produc-

tion, will undergo some change. A fall of fi-om 1 to H cents per pound
in the price of sugar and an increase of the same amount in the price

of meat will put back certain areas of the uplands to meat produc-

tion. This change would very materially aid the increased produc-

tion of meat, and would not seriously, if at all, curtail the output of

sugar, since those poorer uplands are the least productive in sugar,

although among the best quality for grazing at certain seasons of the

year. Moreover, experience has shown that a greater and more per-

manent increase in sugar production is practicable by leavlngout the

worst of the uplands from sugar and concentrating labor, fertiliza-

tion, and costly water upon the richer and more durable lowlands.

With a reversion of a part of the uplands to grazing purposes the

sugar production c;in still continue to expand to the limits that have
been .stated.

There are other conditions than the relative values of sugar and
meat that control the remuneration from ranching, and which depen<i

upon the ranch owners. In the first place is mentioned the quality

of the cattle, which is dependent upon the management of the herds.

Very considerable sums of money have been expended by Avell-known

ranchmen and patrons of cattle breeding for high-class bulls. Pedigree

animals of such breeds as Shorthorns, Devons, and Scotch Angus (also

some of the finer milk-yielding Jei'seys and Alderneys) have been intro-

duced and let loose upon the ranches. Considerable improvement has

resulted from the use of these high-bred animals, yet the permanent
results have not been an^'thing like .so great as they should have been,

and for the following reasons: In the first place, the influence of the

pure-bred bulls, when let loose in the herds, was spread over cows and
heifeis of all .sorts and sizes instead of their .service being confined to

selected animals that would have rendered the most immediate bene-

fits from crossing with good blood. Of course, it is not so practicable

a matter to isolate and paddock cattle on a large ranch as it is upon

a modern farm. Again, the slock coming from the high-bi-ed crosses

were not nuide the most of. The selection, omitted in the first com-

ing together of the imported bulls and ranch heifers, continued to be

neglected, no "culling" of the weaUlings and uiidersizes being prac-

ticed, the breeding continuing from big and litlh', good-gi-ade ami scrub

cows alike. These matters have been reported to the writer by sev-

eral of the bettei'-known ranch owners, and the results are apparent.

With better values in pi-osi)e('l for home-grown nu'ats, the manage-

ment of tii«' r.niching properties will be brought umh'r the more mod-

ern syst<'nis in resix'cl of the methodic introduclion and changing of

blood and a cai'cful selectioTi and cMlling of the breeding stock. At

no pi-<'vi(Mis I iiMc ha\»' t he iiKluci'iiH'iils to lio good work on t lir ranches
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been so j^reat, nor lias the cci'lainty of reiuiuieration ])f'('ti so sure for

investments in meat production on tlic islands. Ranchmen will be
prudent if they take immediate advantaj?e of the present situation;

if they do not, and the sui)ply of lioine-grown meat declines still fur-

ther, tlie country will be ()l)liged to enter upon the importation of

frozen meats. This will only be profitable if done on a considerable

scale; if lai-i^e impoi-tations of meats are made it seems necessary for

prices to fall, and home-meat producers will be the first sufferers.

The meat supply is a matter of prime concern to the city of Honolulu.

It is in the first degree desirable that fresh meats shall be available

for daily use. Frozen meats that have been a long period on the ice,

and subjected to changes of temperature during movements in transit,

are not the same as meats killed on the ground and kept in cool cham-
bers for a few hours, or at the most a day or t wo, before being consumed.

It is found that meats and fowls that have been long on the ice spoil

veiy rapidly in warm countries after removal from the ice. But the

argument for the necessitj' of a home-meat supply in view of the con-

tingencies of a war does not obtain, since if an enemy were able to

cut off the islands from the mainland of the United JStates, it would

be a much more simple matter to stop shipments between the islands,

when Honolulu would be just as effectually starved out.

DAIRYING.

The requirements in milk and butter of the countiy districts of the

islands are supplied locall}'. The milk demands of Honolulu are met
by suburban dairies, which also furnish a part of the buttei- con-

sumed, but the chief supply of butter is by importation.

The milk supply of Honolulu is also a matter of some concern.

During the past j^ear it has barely met the city's demands. This was^

in part, due to the presence of United States troops, who were quar-

tered near the city for some months. When considerable numbers of

the soldiers were in the hospitals and in special need of milk extreme

difficulty was experienced in obtaining anything like an adequate

supply from the public dairies. In consequence several private fami-

lies turned over their individual cows to the service of th<» United

States military authorities.

The current price of milk (10 cents per quart) indicates the inade-

quacy of the supply; alt!»ough it has to be considered that the cost of

maintaining a dairy in or neai- Honolulu is greater in i)roportion to

the number of cows kept than on farms in the United States. This is

due partly to the price of imported feedstutls and also to the prices gf

lands and the cost of api)lying ii-rigation water within the city limits.

The interests and protection of milk and meat consumers have been

undertaken b)' the board of liealth, this organization having instituted

examinations of meats and of dairy animals in r(>spect of the existence

or prevalence of liver fluke, tuberculosis, and other diseases. Recent

1 a!>8—37
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examiiiiilioii.s, oov(M-ini? tlio year ISDS, havo fui-iiished tlio followinjj:

(lata upon tlie condition of herds and dairies:

Condition of meat cattle shnighfercd.

! Number
Animals. slauprh-

tered.



THE HAWAIIAN ISLANDS. 579

These figures uiuply ilhisti-at(! the hibor rehitioiis of the respective

nationalities to the main agricultural industry of the islands. I'ho

Ilawaiians, relative to their nuniljer, do not seek plantation work,

and when they do, it is chiefly as teamsters, in which work they are

good and desirable. The inclination of the Hawaiian is to personal

occupation rather than to labor for others. This is, in pai"t, due to

an objecti(ui to continuous labor, but more to the native instinct,

which is averse to subjection, unless to Ilawaiians of high standing

or white jjeople of authority. The writer hopes to see this character-

istic of the Ilawaiians maintained, and that the i^ride of the native

people will assume such a course as to accommodate them to the new
conditions in such a way that the race Avill j-et reestablish for itself a

permanent economic position in the community.
A reference to the figures of the above table also shows that the

Portuguese do not generally go to plantation labor. These people are

very energetic and thrifty. Thej' are inventive along the line of

introducing new, small horticultural growths, such as the grape, etc.

When they do work on j)lantations it is usually as teamsters, and they

are comparatively highly paid for unskilled labor.

The burden of agricultural labor is borne hy the Asiatics. One-
third of the Chinese and one-half of the Japanese populations are

engaged in plantation labor. The large remainder of the Chinese
is i^rivately occupied in i-iee, oi" fi-uit and vegetable culture, or in

domestic service.

Concerning the conditions of the Asiatic laborers, it may be said, in

general, that the presence of these peoples here demonstrates that the

wages and i)ersonal comforts are greater in their present situation

than the}' Avero in their native countries. This is further accen-

tuated, in the case of the Japanese especially, by their disposition lo

settle permanently on the islands.

In regard to the question of compensation, a bare statement of

wages does not cover the situation nor furnish a full comparison of

the conditions that obtain here with the compensation of labor in other

countries. The cost to the laborer of ijroviding himself with fuel,

clothing, andfood is less upon these islandsthan, fore.xample, in Louisi-

ana, or in any other section of the United States. On the other hand,

the value of labor to the employer, where the labor is paid at so much
per man per day, dei)ends upon the laborer and his power to work.

From this standpoint it is found that difi"erent nationalities are capable

of rendering different amounts of labor per day, and they are thus paid

different wages. The power to work and the rate of wages of the

Asiatics are less than in the case of white men (and of colored peo-

ples in cooler climates) where the conditions of climate allow tlie lat-

ter to work. Where the climatic conditions exclude the wliil<« man
the labor power of other races is also low.

General statements, however, upon this and all similar subjects are

not of much value, so that a summary is liere given of the la])()r roll
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for the month of Det'eiuber, 1808, from the largest wugar-makiiig estate

on these islands, the Ewa Plantation Company. All skilled labor,

eomposed of Americans, British, Germans, and Norwegians, is ex-

cluded, only Portuguese and Asiatics l>eing included:

Ixiboi'crs and icfKjes.

Laborers.

Portngucse

Contract Chinamen

Day Chinamen
Contract Japanese .

Day Japanese

Total

Number
of la-

borers.
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conditions on Hawaiian plantations, tlie difTeronoo l)cinj; dooidodly

in favor of the Hawaiian laborer. Af^ain, the Hawaiian hiborer

requires less clothing, and, what is more important, he does not need

to lose one da.y in the year from the weathoi-. Those considerations

cause the comi)arison to be drawn as follows:

Comparison of icuycn in Louisiana and Uaicaii.

Place.
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ill lI<)iM»lulu, but llie IJoslon man, duo to total suspension of busi-

ness for about four months in llie winter, earns ver}' consideral)ly less

annually than the man in Honolulu, who practically has not to lay

oft a day in the year; and between what is called coolie labor, oper-

atinij; in warm climates, and mixed American labor, or selected ^Vsiatic

labor, working: in cooler climates, there are differences in labor power

which cause extreme variations in the values and cost per day of

those kinds of labor.



NOTES ON SOME ENGLISH FARMS AND 1 A«MEKS.

By Geo. Wm. Hill,

Chief of the Division of Publications.

GENERAL REMARKS.

With distance and time vii-tually annihilated and the cost of trans-

i:)ortation greatly reduced, the fai-mers of the wliole world are now, in

one sense, near neighbors. Competition is keener to-day between

farmers of the Northwestern States and those of Argentina, India,

and Russia than it was fifty years ago between the farmers of almost

adjoining States. The cotton and cotton seed of Egypt are sold in the

same markets as the same products from the Southern States of this

country. The man who raises butter and hogs in the Mississij^pi

Valley finds an active and keen (competitor in Denmark, small as that

country is, while Australia and Canada have long outstripped the

United States and now threaten Danish supreinacy in the London
markets.

Under these circumstances it must be not onl}' interesting but use-

ful to learn something of the conditions under which the farmers of

foreign countries, whether consumers of our i^roducts or competitors

of our producers, pursue their avocation. What advantages they

enjoj' that American farmers lack, and what disadvantages they

endure that our farmers are free from, are matteis of interest ; but still

more useful is it for the farmers of this country to know how their

contemporaries in other lands improve their advantages or temper

their disadvantages, for by such knowledge they themselves can cer-

tainly' profit.

While, as stated, a general review of the conditions under which

farming is pursued in the Old World would be interesting and instruct-

ive, the limitations of this paper will onl}- permit the presentation

of some brief notes regarding a few farms in England. The farms

selected for consideration, it is believed, furnish certain features

Avhich Avill be of interest to all farmers in this country.

VISITS TO ENGLISH FARMS.

British farms and farmers are visited from time to time by mem-
bers of the Royal Agricultural Society of London for the purpose of

ascertaining the conditions of tlie farms and the methods of the

farmers, and detailed accounts of these visits, as well as contribu-

tions on general farming topics, are [)ublished in the Journal of the

583



5^4 YEARHOOK OF THE DEPARTMENT OF AGRH ULTURE.

society. From tliis source, therefore, imich may be learned on the

subject. For instance, in the Journal of September, ISOO, Mr.

Tliomas Stirton, of West Stratton, Hampshire, reports on IG farms in

the counties of Leicester and Kutland, which he divided into three

classes: (1) Dairy farms; (2) stock-breeding farms; (3) stock-feeding

farms.

GENERAL FARM CONDITIONS IN TWO ENGLISH COUNTIES.

Before discussing any individual farm a few general particulars in

regard to farm conditions in the counties of Leicester and Rutland

will not be out of place. The two counties contain, in round numbers,

an aggregate area of 610,000 acres, while the farms inspected by Mr.

Stirton contained a little over 0,000 acres. Of these G,000 acres and

over, 2,982 acres were arable and 3,287 acres were in pasture. Much
of the soil is described as rich and loamy, but the particulars given of

individual farms record extremes of stiff clay and loose sand. In both

counties during the past twenty-five years many thousands of acres

have been converted into permanent pasture. In laying down the

pastures bone was used with conspicuous success, about 5 hundred-

wciglit being applied per acre. It is hardly necessary to say that in

every case a fixed rotation was rigidly followed in cropping, the root

crops especially being very heavily numured. The rents paid show a

general downward tendency, an average reduction being reported

since 1880 of from 22 to 25 i^er cent on grass lands and as much as 33

per cent on holdings of two-thirds grass and one-third arable. The

average rents of the farms under consideration, only one of which was

fanned by the owner, amounted to ^5.30 per acre, to which should be

added the rates or taxes paid by the teiuint, wliich averaged about 50

cents per acre. Markets, especially for the disposal of grain and

cattle, arc reported excellent, but it will not surprise American farmers

to learn that many serious complaints arc made by the farmers as to

the rates charged by the various railroad companies. It must be

admitted, however, that the railroad charges in Great Britain seem to

be higher than tliose in the United States. What would be regarded

in this country as a large amount of labor is employed on these Eng-

lish farms, this item of expense amounting in one instance, a dairy

farm, to over $17 per acre, the lowest rate recorded, on a stock-feeding

farm, being about ^2. The average labor cxjMMise, liowever, seems

to be slightly over *5 per acre. The amount of labor thus secured

is, however, greater than the same amount of money would command
in this country, as will be understood by a statenuMit of the wages

paid to f;wm laborers. The wages of laborers around Leicester

ar<' re[)Oit«'d to hav<' increased about 2 or 3 shillings a week, \ho

present average being *l.5() to $5 pei- week. In the smaller vil-

lages the rat(! is about '^'].7'), with a slight increase during the

ten weeks of hay harvest. The heller elass of ial)orers, ineln<ling
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shepherds and stoeknien, get from ] 1o 2 sliillings a week more than
an ordinary laborer, with a eottage and gaiden rent fi-ee.' In Iluthind

wages are a little lower. The laborers' eottages are all reported as

well-built, clean, and comfortable, in every instance having a good
vegetable and fruit garden.

The price of butter was reported as very low, averaging about IG

cents per pound, and it is admittedly, as might be expected, of an
inferior qualit}'. Most of the dairy farms reported on were devoted
to the manufacture of Stilton cheese, one farmer reporting an annual
sale of 4,400 Stiltons, while another reixried an annual pi-oduct of

3,500. These large cheese makers i^urchased consideral)le milk from
other farmers, the ruling price of the milk being 11 to 12 cents per

imperial gallon (10 pounds, or about 25 per cent more than the ordi-

nary gallon). So much for some of the general conditions prevailing

in the section where the farms to be considered are situated.

INDIVIDUAL FARM CONDITIONS.

The first farm mentioned in the report of Mr. Stirton is farmed by
the owner, whose labor bill reaches the high figure of 817 and over per

acre. The fact that no rent is paid no doubt has something to do
with this liberal expenditure for labor. The chief revenue from this

farm, is derived from the sale of milk, 130 cows and heifers being
reported on the farm, besides calves and several steers. The farm
carried, moreover, some 430 head of sheep. The milk sales recorded

show great depreciation in value since 1878. The milk sales of that

year realized $21,800, and the amount fell gradually to $13,0G0 in

1895, although more cows were kept in the last-named year than in

1878. The manuring on this farm is very abundant, and all the

liquid manure from the cattle sheds is saved and applied to the grass

lands.

Another farm reported on contained 1!>3 acres, 52 arable and 141 in

pasture. Foi- this fai-m the tenant paid for rent §1,100; for taxes,

$111); for lal)()r, per acre, $5.25—a total for I'ent, taxes, and labor of

§2,300, or just about ^12 per acre. The stock included at the time of

Mr. Stirton\s visit 34 cows, 5 steers, 15 horses, 126 sheep, and 112

pigs. A five-year rotation is practiced. The chief industry is cheese

making, and the farmer buys milk largely from neighboring farmers.

Four thousand four hundred and four Stilton cheeses were made in

1805. All the liome-grown grain is fed on the farm, the cows being,

moreover, allowed in summer 3 pounds each of linseed cake per day,

and in winter stiaw chaff with 3 pounds of mixed «»ats and maize,

besides beans and decorticate<l cake.

Another farm, scheduled as No. <i, contains l,li'»i acres, •»17 arable

and 183 in pasture. The rent paid is $4,250 (i-educcd from ^5,020 in

188(i), and is regulated by a curious but sensible sliding scale. For
every 2 shillings G pence below 40 shillings per quarter in the price of



bHii VEAUliOOK OF TIIK DEPAKTMEXT OF AURICL'LTURK.

wheat (that is, for every 8- cents below ^l per busliol) 5 per cent is

deducted from the rent; rates or taxes amount to $120. and $5 per

acre is expended for la])or. The live stock includes 143 head of

cattle, of which 72 are bullocks or steers, 'U horses, and l,5o!» sheep.

A five-year i-otation is practiced, and the manuring of roots is heavy,

including, besides farm manure, 6 hundredweight of superphosphates

applied to mangels, 4 hundredweight to turnips, and G hundredweight

to Swedes. That the farming is good is sliown b}' crops of 24 to 32

bushels of wheal per acre, the same of barlej^ and as much as 48

bushels of oats. The amount of food consumed by the animals

during the year included some 2,000 bushels of home-grown grain and

purchased feed costing ^3,000.

A summary of the chief expenses on this farm shows for rent and

taxes, $4,(;7r); labor, >^5, 500; amount of purchased feed, 83,000; aggre-

gating, Avithout counting artificial manure, cost of which is not given,

an annual outgo of 813,000 and over on the 1,100 acres, or nearly $12

per acre befoie the first cent of profit can accrue to the farmer, to say

nothing of interest on his investment in live stock, imijlements, etc.

The principal source of income is in live stock. Of the sheep, 387

were fattening and 5o7 were lambs, while, as already stated, of the

cattle 72 were steers.

Farm Xo. 8 of the i-eporl includes 4'J5 acres, 390 of which are in

pasture. The tenant paid for rent, $1,875; for taxes, 1150; labor, per

acre, 83.10; aggregating 83,559.50, something over $7 per acre. Like

the liust mentioned, this is a stock-breeding farm. The live stock

includes 40 cows, 66 steers, 10 liorses, and 472 sheep. Of the cows, 35

were milch cows, and the milk was delivered in London at 1 shilling

1 i)onny, or about 2G;^ cents per ordinaiy gallon. The average sum
realized per cow was 875, showing a yield per head of but little over

2,300 pounds of milk. About 100 acres of grass are cut each year, and

some of the hay was sold at ^25 per ton. To these luindred acres

manure is apidied during the winter. The rent of this farm to the

previous tenant was 85,000, a reduction to the present tenant of

$3,125.

Among the jnost interesting of the farms visited were Nos. !» and

10, both farmed by the same tenant. Farm Xo. 9 consists of 236

acres, 120 acres arable find 110 in pasture, the yearly rental being

82,100, a reduction since 18.S5 of 20 per cent. With this farm the

tenant sccuih's a 00-acro [)asture at 8400 a year rent. Farm Xo. 10

embraces 497 acres, of which 444 are arable, and the rent paid is but

$1,200, or'atrifio over 82.50 i)er acre. The total rent thus foots up

$3,700 for 799 acres, or less than 85 per acre, notwithstanding the

comparatively high rent of the first farm of 23G acres. The total

rates, <u' taxes, aggregate 8312, wliicli, added to the rent, make a

rental and tax charge of 84, <»12 annually. At the time of Mr. Stirton's

visit tlie live stock <tM l>otli fai'ms, wliicli for pi-escnt purposes will 1)0
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treated as one, was as follows: Cattle, 100 liead, of whi<!h 70 were
steers; horses, 32; sheep, oiJH, of whieh 12S were feeding sheep and
16G lambs. The cost of labor ag}i:regated $5,246, being at the rate of

$0.75 per acre on tlie smaller and $7.35 per acre on the lai-ger farm.

During- the year under consideration a total value of $4,(*!)0 of feed

was consumed by the cattle, a large sum, considerably in excess of

$1,000, being paid for cotton cake, linseed, and other feeding stuffs.

We liave thus for rent, taxes, labor, and purchased feed, $10,258.

The tenant of these farms manures heavily, as the crop yields show.

In 1882, in barley, 79^ acres yielded $00.75 per acre, the best results in

fifteen years. In 1889, barlej'^, 67 acres, brouglitouly $32.50 per acre.

The amount realized from all grainy varied from $4,800 in the early

eighties to as little as $1,515 in 1895, a difference due not so much to

variation in yield as to variation in prices, with a general downward
tendency, which must have been truly discouraging.

Perhaps the most remarkable thing to one accustomed to the ways
of the average American farmer is the detailed statement of receipts

and expenditures fui-nished b\' the tenant of these farms for a period

of fifteen years, giving for each 3'ear the acreage of each crop, the

exact proceeds per acre, the number of cattle, sheep, horses, and pigs

sold, the prices obtained, and the amount of sales, and even the exact

proceeds of the dairy and poultry, together with expenditures, showing
amount paid j'earlj^ for feeding stuffs, for artificial manures, for hibor,

and for taxes, all these figures being taken from the tenant's books,

Avhich, adds the reporter, are "models of neatness and lucidity."

From the figures given there may be deduced a discouraging fact

for the British farmer. In every five-year period there has been a

marked reduction in the profits of this most intelligent and careful

tenant. "In ten years," says the report, "his rccei^jts had declined 30

per cent, while his profits had fallen from 5J per cent on the larger

turnover of 1880 to 2^ per cent on the smaller turnover of 1890."

During the five years ending with 1885 this farmer shovred average
yearly proceeds from his farms of more than $15,000; in the five years

ending with 1890 this average was reduced to $10,400, while in the

five years ending with 1895 the average yearlv proceeds had fallen to

$8,500.

Another farm reported on is one of 200 acres, evenly divided into

100 acres each of pasture and arable; rent, $1,418; rates or taxes,

$250; labor cost, $11 j^er acre. The stock, when the farm was vis-

ited, included 34 head of cattle, 10 horses, and 317 sheep. A five-

year rotation is followed, and the farm is very heavily' manured;
about 300 tons of farmyard manure is made and used upon the

farm, and the town of Leicester being but 5 miles distant, 500 tons

of town manure is also purchased, besides 300 tons of gas lime.

The artificial manures are applied to the root crop and the gas lime

to the wheat and out crop. The average yield of wheat i)er acre is
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48 busliels, and of bailoy rtH buslu'ls; tlie average for peas and oats

is 4" busliols each. There were sold from tliis comparatively small

farm during the year under consideration SI, 020 worth of grain and

$51o of hay, the latter being the product of 10 acres. During the

year the tenant also fed off fJO head of cattle. From the sale of the

cattle and .sheep during the year over #8,000 was realized. It may
be worth noting that this comparatively successful farmer expresses

a pi-eference for silage over roots as feed for cattle.

Here then is a medium-sized farm which aflfords an interesting

exami)le of British farming methods and conditions. The main

expendituresare as follows: Rentand taxes, 'ii;l,(it;8, and labor, $2,200,

while the town manure alone, according to figures given in the report

for another farm, cost over $500, these three items footing up about

$4,400 or $22 per acre, to say nothing of the cost of other manure or

the cost of cattle feed purchased, which are not given, but must have

been very heavy. This heavy expense had therefore to be met before

a penny conld be devoted to remunerating the farmer for his labor or

as interest on his investment.

Another farm reported on included 534 acres, the rent paid being

11,724, with rates or taxes of $435, and a labor bill of $2,536, equal to

$4.75 per acre. Among other expenses is one item of $1,030 paid for

feed and $150 for timber for repairing fences, making a total for rent

and taxes, labor, feed, and fences of $6,475 or something over $11 per

acre. The amount paid for artificial manure is not given. This

tenant reported the following stock: Cattle, 144 steers and 2 cows;

horses, 11; sheep, 770, including 330 lambs and 170 feeding sheep.

The tenant estimates $50 per acre as a faii- sum for i)roperly stocking

the farm—over $25,000.

One of the interesting features in connection with this farm is the

fact that for nearly two hundred years the tenants have been from

the same family. The condition of the pasture lands is highly cora-

menfled as the result of the clean state of the land when laid down

an<l of the free application of l>arn manure.

Another farm, occupied by the same tenant f(»r thirty-four years,

consisted of 3(10 acres. For this farm a rent was paid of $2,300,

taxes $155, and lalxn- $2,070 (e<|ual to $5.75 an acre), an aggregate

for these three items of $4,525, a trille over $12.50 per acre.

FEATURES OF THE FARMS REI'OKTEl) ON.

Tliere are a few features in the foregoing brief notes which seem to

be characteristic of all the farms reported on. 'i'he farms are all

heavily stocked, and the pioportion of sheep .seems very large. To

judge by such r<'turns as are available, the sheep industry is a profit-

able branch of stock ?aising. All the sheep Ixdong to the principal

mutton bleeds.

'JMie large amount of eai)ital w hiidi these laiiiiers, though merely
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teiiJints, have iiivostod, and the sysleuiatic, businesslike nietliods with
which their farming operations are conducted are veiy striking. To
the majority of American farmers these facts must appear as remark-
able features of British farming. The British farm<'r is evidently' not
only a farmer, but a business man, and it is no doubt due to this fact

tliat, in the face of continued and increasing depression in prices and
an apparently ever-growing competition, he is able to liold liis own
at all and achieve the means of subsistence, if nothing more. The
care and accuracy with which these farmers keep their accounts will

certainly be something of a revelation to many people of this coun-
try, and it should be an example to farmers who are not particular in

this matter. Many farmers in the United States would be puzzled,

indeed, if called upon to produce their books or to prepare accurate
statements of their receipts and expenditures for any number of

years.

CONCLUSIONS.

Even after making all due allowance for the important advantage
of proximity to such markets as Great Britain affords, it does not
seem that the American farmer by comparison with his Jirilish con-
temporaries has occasion for anything, so far as conditions arc con-
cerned, but self-congratulation. Tenants having an invested capital

equal to $40 or $50 per acre, representing an interest charge of *1.50

an acre, with expenditures for rent, taxes, labor, artificial manures,
and feed averaging. $13 or $14 an acre more, need certainly excite no
envy among the farmers of this country; but we may readily pay full

tribute to the intelligent, i^atient industry, and particularly to the
business capacitj^ displayed by the British farmers in the face of many
untoward circumstances.
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APPENDIX.

ORGANIZATION OF THE DEPARTMENT OF AGRICULTURE,
DECEMBER 31, 1898.

Secretary of Agriculture, James Wilson.

The Secretary of Agriculture is charged with the supervision of all public busi-

ness relating to the agricultural industry. He appoints all the officers and
employees of the Department, with the exception of the Assistant Secretary and
the Chief of the Weather Bureau, who are appointed by the President, and directs

the management of all the divisions, offices, and bureaus embraced in the Depart-
ment. He exercises advisory supervision over the agricultural experiment sta-

tions deriving support from the National Treasury, and has control of the quaran-
tine stations for imported cattle, and of interstate quarantine rendered necessary
by contagious cattle diseases.

Assistant Secretary of Agriculture, Joseph H. Brigham.

The Assistant Secretary performs such duties as may be re(iuired by law or pre-

scribed by the Secretary. He also becomes Acting Secretary of Agriculture in the
absence of the Secretary.

Chief Clerk, Andrew Geddes.

The Chief Clerk has the general supervision of the clerks and employees; of

the order of business, records, and correspondence of the Secretary's office; of all

expenditures from appropriations for contingent expenses, stationery, etc. ; of the
enforcement of the general regiilations of the Department; and of the buildings
occupied by the Department of Agriculture.

Appointment Clerk, Joseph B. Bennett.

The Appointment Clerk is charged by the Secretary with the preparation of all

papers involved in making appointments, transfers, promotions, reductions, fur-

loughs, or dismissals, and has charge of all correspondence of the Department with
the United States Civil Service Commission. He deals with all questions as to
positions in the Department which are under civil-service rules.

Chief op Supply Division, Cyrus B. Lower.

The Supply Division has charge of purchases of supplies and materials paid for

from the general funds of the Department.

bureaus, divisions, and offices.

Weather Bureau (corner Twenty-fourth and M streets N\V.).—Chief, Willis
L. Moore; Chief Clerk, Henry E. Williams; Profe.s.sors of Meteorologi/, Cleve-
land Abbe, F. H. Bigelow, Henry A. Hazen, Charles F. Marvin, Edward B,
Garriott.

The Weather Bureau has charge of the forecasting of weather; the issue of
storm warnings: the display of weather and flood signals for the benefit of agri-

culture, commerce, and navigation; the gauging and reporting of rivers; the-

maintenance and operation of seacoast telegraph lines, and the collection and
transmission of marine intelligence for the benefit of commerce and navigation;
the reporting of tem])erature and rainfall conditions for the cotton, rice, sugar,
and other interests; the disi)lay of frost and cold-wave signals; the distribution of
meteorological information in the interests of agriculture and commerce; and the
talcing of such meteorological observations as may be necessary to establish and
record the climatic conditions of the United States, or as are essential for the-

proper execution of the foregoing duties.

1 A08 38 693
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BrREAU OF Animal Ixdi'strv.—Chief, D. E. Salmon; AMintant Chief, A. D.
Melvin; Chief Clerk, S. R. Burch; CInrf of Inspection Division, A. M. Farring-
ton; Chief of Miscellaneous Division, Tooie A. Geddes; Chief of Pathological
Dlrision,YictoT A, Norgaard; Chief of Biochcmic Division, E. A. de Schweinitz;
Chief of Dairy Division, Henry E. Alvord; Zoologist, Ch. Wardell Stiles; In
charge of Experiment Station, E. C. Schroeder.

Tbo Bureau of Animal Industry makes investigations as to the existence of con-
tagious pleuro-pneumouia and other dangerous communicable diseases of live

stock, superintends the measui-es for their extirpation, makes original investiga-

tions as t ) the nature and prevention of such diseases, and reports on the condition
and means of improving the animal industries of the country. It also has charge
of the inspection of import and export animals, of the inspection of vessels for the
transportation of export cattle, and of the quarantine stations for imported neat
cattle; supervises the interstate raovcment of cattle; and inspects live stock and
their products slaughtered for food consumption.

Division of Statistics.—Statistician, John Hyde; Assistant Statistician, George
K. Holmes.

The Division of Statistics collects information as to the condition, prospects, and
harvests of the principal crops, and of the numbers and status of farm animals,
through a corps of county correspondents and the aid of a supplementary organi-
zation under the direction of State agents, and obtains similar information from
European countries monthly through the deputy consul-general at London, assisted
by consular, agricultural, and commercial authorities. It records, tabulates, and
coordinates statistics of agricultural productions, distribution, and consumption,
the aiithorized data of governments, institutes, societies, boards of trade, and
individual experts, and issues a monthly crop report and occasional bulletins for
the information of producers and consumers, and for their protection against
combination and extortion in the handling of the products of agriculture.

Section of Foreign Markets.—Chief, Frank H. Hitchcock.

The Section of Foreign ^Markets makes investigations and disseminates infor-

mation " concerning the feasibility of extending the demands of foreign markets
for the agricultural products of the United States.

"

Office of Experhient Stations.—Director, A. C. True; Assistant Director,
E. W. Allen.

The 0^03 of Exporiinent Stations represents the Department in its relations to
the e;:])eriment stations which are now in operation in all the States and Territo-
ries. Jt seeks to promote the interests ot agricultural education and investigation
throui^hout the United States. It collects and disseminates general information
regarding the colleges and stations, and publishes accounts of agricultural investi-

gations at home and abroad. It also indicates lines of inciuiryof thestations, aids
in the conduct of cooperative experiments, reports upon their expenditures and
work, and in general furnishes them with .such advice and assistance as will best
promote the purposes for which they were established. It is also charged with
investigations on the nutritive value and economy of human foods. The collection

of valuable matter on irrigation fr>mi agricultural colleges and other sources, as
provided in the appropriation bill, is conducted by this office.

Division of Chemistry.—Chemist. Harvey W. Wiley; Assistant ( 'liemist, Ervin
E. Ewell.

The Division of Chemistry makes investigations of the methods proposed for the
analyses of sails, fertilizers, and agricultural products, and such analyses as per-

tain "in general to the interests of agriculture. It can not undertake the analyses
of samples of the above articles of a miscellaneous nature, but application for such
analyses should bo made to the directors of the agricultural experiment stations

of the different States. The division does not make assays of ores nor analyses
of minerals except when related to general agricultural interests, nor analyses of

water.

Division of Entomology.—Entomologist, L. O. Howard; Assistant Entomolo-
gist, C. L. Marlatt.

The Division of Entomology obtains and disseminates information regarding
insetts injurious to vegetation; investigates in.sects sent to the division in order to

giv(! appropriate remedies; conducts investigations of this character in different

parts of the country; and mounts ;ind arranges specimens for illustrative and
museum purposes.
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Division of Biological Sukvey.—Chief, C. Hart Meiriam; Assistant Chief,

T. S. Palmer.
The Division of Biological Survey studies the geographic distribution of animals

and plants, and maps the natural life zones of the countr}-; it also investigates

the economic relations of birds and mammals, and recommends measures for the
preservation of beneficial and the destruction of injurious species.

Division of Forestry.—Foreaicr, Gilford Pinchot; Superintendent of Working
Plans, Henry S. Graves.

The Division of Forestry is occupied with experiments, investigations, and reports
dealing with the subject of forestry, and with the dissemination of information
upon forestry matters.

Division of Botany.—Botanist, Frederick V. Coville; Chief of Section of Seed
and Plant Introduction, O. F. Cook.

The Division of Botany investigates botanical agricultural problems, including
the purity and value of agricultural seeds; methods of controlling the spread of

weeds or i)r8venting their introduction into this country; the dangers, effects, and
antidotes for poisonous plants, the native plant resources of the country, and other
subjects of economic botany.

Division of Vegetable Physiology and Pathology.—Prt/7ioZoy/.sf, B. T. Gal-
loway; Assistant Pathologist, Albert F. Woods.
The Division of Vegetable Physiology and Pathology has for its object a study

of the normal and abnormal life processes of plants. It seeks by investigations in

the field and experiments in the laboratory to determine the causes of disease and
the best means of preventing the same. It studies plant physiolog}- in its bearing
on pathology.

Division of AciROHTin.or.Y.—Agrostologist , F. Lamson-Scribner: Assistant Chief,
Jared G. Smith.

The Division of Agrostology is charged with the investigation of the natural
history, geographical distribution, and uses of grasses and forage plants, their

adaptation to spocial soils and climates, the introduction of promising native and
foreign kinds into cultivation, and the preparation of publications and correspond-
ence relative to these plants.

Division of Pomology.—Pomologist, Gustavus B. Brackett; Assistant Pomolo-
gist, W. A. Taylor.

The Division of Pomology collects and distributes information in regard to the
fruit interests of the United States; investigates the habits and peculiar qualities

of fruits, their adaptability to various soils and climates, and conditions of culture,

and introduces new and untried fruits from foreign countries.

Division of Soils.—Chief, Milton Whitney; Assistant Chief, Lyman J. Briggs.

The Division of Soils has for its object the investigation of the texture and
other physical ^iroperties of soils and their relation to crop production.

Office of Public Road Inquiries.—Director, Roy Stone.

'

The Office of Public Road In(iuiries collects information concerning the systems
of road management throughout the United States, conducts investigations regard-
ing the best method ot road making, and i^repares iiublications on this subject.

Division of Gardens and Grounds.—Horticulturist and Snjicrintendent of
Gardens aiid Grounds, William Saunders.

The Division of Gardens and Grounds is charged with the care and ornamenta-
tion of the park surrounding the Department buildings, and with the duties con-
nected with the con-ervatories and gardens for testing and propagating economic
plants.

Division of Publications.—Chief, Geo. Wm. Hill; Assistant Chief, Joseph A.
Arnold; Assistant in Charge of Document Srctio}i, R. B. Handy.
The Division of Publications exercises general supervision of the Department

printing and illustrations, edits all publications of the Department, has charge of

the printing and Farmers' Bulletin funds, and distributes all Dei>artment i)ublica-

tions with the exception of those turned over by law to the Superintendent of

Documents for sale at the price affixed by him; it issues, in the form of press

notices, official information of interest to agriculturists, and distributes to agri-

cultural publications and writers synopses of Department publications.

'Hon. Martin Dodge was Director for six months in 1898, when General Stone
was absent as a Brigadier-General of Volunteers in the United States Army.
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Division of Accounts and DisBrRSEMENTS.

—

Chief, Frank L. Evans; Assistant

Chief (in charge of Weather Bureau disbursements), A. Zappone; Cashier,

Everett D. Yerby.

The Division of Accounts and Disbursements is charged with the adjustment of

all claims against the Department; decides questions involving the expenditure
of public funds; prepares contracts for annual supplies, leases, and agreements;

issues requisitions for the purchase of supplies, requests for passenger and freight

transportations: and attends to all business relating to the financial interests of

the Department, including payments of every description.

Division of Seeds.—Chief, Robert J. Whittleton.

The Division of Seeds is charged with the purchase and distribution of valuable

seeds, a certain portion of which are collected and i)urchased from foreign coun-

tries for experiments with reference to their introduction into this country.

They are distributed in allotments to Senators. Representatives. Delegates in

Congress, agricultural experiment stations, and by the Secretary of Agriculture,

as provided by law.

Library.—Li7>ra?-(Vni, W. P. Cutter.

The Librarian has charge of the Library and supervises the arrangement and
cataloguing of books, the preparation of bibliographies and similar publications,

and the purchases of new books.

APPROPRIATIONS FOR THE DEPARTMENT OF AGRICULTURE
FOR THE FISCAL YEARS ENDING JUNE 30, 1897, 1898, AND 1899.

Salaries, Department of Agrrictilture
Furniture, cases, and repairs. Department of Agriculture—
Liljrary, Department of Agriculture
Museum. Department of Agriculture
Postage, Department of Agriculture
Contingent expenses. Department of Agriculture
Animal <iuarantine stations
Collecting agricultural statistics
Botanical investigations and experiments
Entomological investigations
Vegetable pathological investigations
Biological investigations
PomiHogical investigations
Laboratory, Department of Agriculture
Forestry investigations -----

Experimental gardens and grounds, Department of Agricul-
ture -

Soil investigations
Grass and forage plant investigations
Fiber investigations
Agricultural experiment stations [$750,000. 1897; $7.'>5,000, 1898;

$7»).U1(>, l«!Kt] •

Nutrition investigations
Public road inquiries
Publications, Department of Agriculture
Sugar investigations
Purchase and distribution of valuable seeds
Salaries and exi)enscs. Bureau of Animal Industry
Irrigation information

Total

Weather Bureau.

Salaries. Weather Bureau
Fuel, iight-s, and repairs, Weather Bureau
Contingent exi)enses. Weather Bureau
General expenses, Weather Bun-au
Meteorolfigical observation stations
Erection of building at Sault Ste. Marie. Mich
Repairs to buildings and grounds, Bismarck, N. Dak.

$313,860
13,000
7, (m
3, (HJO

3.000
25,000
12,000

IIO.IKNI

15, (KK)

2(),(KK)

ai,(>(K(

17,5()0
(),00(l

12, 400
20,000

20,0(10

llt.dlKI

l(l,()(i()

5,000

30.000
1.5,0<»t

H,(NNI

70.000

150.000
650,000

1.664,7U0

l.W.MO
8.000
8.000

717,238

1898.

Total for Weather Bureau

Grand total

883.772

2,448,532

$319,300
9,000
7,000
3, 0(H)

3,000
25,(iOO
12.0(MI

11(1, (KX)

15.(100

20, (KX)

20,000
17,.'J(X)

8,000
12,400
20,000

2.->, 000
1(),(XX>

1(),(XX)

5,(XI0

a-), 0(X)

l.").(l(X)

S.tXX)

6.5. (XX)

5, (XX)

130. (XX)

675, tXX)

1,584,200

l.W, :M

8.(NMI

717, 162

883,702

1899.

$319,300
9,000
6,000
1,500
2,000

2:"),(XI0

12. (XX)

105, om
20,0(»
20.000
2().(XO

17, MX)
9. .5tX)

12. 4(X)

20. (XX)

20.000
l(i.(XX)

10, (NX)

40,000
15.000
8,000

65.000
7.(««)

i:x). iioi

ixi().(ra)

10,000

1,814,200

l.'i3,.T40

S.(«»)

8,(xa)

705,162
76,000
3.000
3,000

1,015.502

I Of these amounts $730,000 is annually paid directly to the exiieriment stations by the United

Btates Treasury.
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AGRICULTURAL COLLEGES AND OTHER INSTITUTIONS IN THE
UNITED STATES HAVING COURSES IN AGRICULTURE.

States and Terri-
tories.
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AGRICULTURAL COLLEGES AND OTHER INSTITUTIONS IN THE
UNITED STATES, ETC.—Continued.

States and Terri-
tories.
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AGRICULTURAL EXPERIMENT STATIONS OF THE UNITED
STATES, ETC.—Continued.

Stations, locations, i^.'i^'
««,1 ,1.'«n^<.«_n I

t'fl III

Staff.
and directors.

Florida, Lake City:
W. l'\ Yocum

Georgia, Exnerimont
R. J. llouding

Idaho, Moscow:
Jos. P. Blanton .

Illinois, Urbana:
E. J^avenport

Indiana, Lafayette:
C. S. Plumb

Iowa, Ames:
C. F. Cartis3

Kansas, Manhattaji:
Thos. E. Will...

Kentucky, L e x i n g -

ton:
M. A. Scovell

Louisiana (Sugar;,
New Orle.ins:
Wm. C. ^?tubl)s..

Louisiana (State),
Baton Rouge:
Wm. C. Stubbs...

Louisiana (North),
Calhoun

:

Wm. C. Stubbs...

Maine, Orono:
C. D. Woods

Maryland, College
Park:
H. J. Patterson...

Mas.sachusetts, Am-
herst:
H. H. Goodcll

Michigan, A g r i c u 1 -

tural College:
C. D. Smith

Minnesota, St. An-
thony Park, St.
Paul:
W. M. Liggett...

Mississippi, Agricul-
tural College:
W. L. Hutchinson.

Missouri, Columbia:
H.J. Waters

Montana, Bozeman:
S. M. Emery

10

Number
of teach-
ers on
staff.

Principal lines of work.

Chemistry; field experiments; horticulture; ento-
mology.

Field experiments; horticulture; pig feeding; dairj'ing.

Physics; chemistry; botany; field experiments; horti-
culture; entomology.

Chemistry; bacteriology; field experiments; horticul-
ture; forestry; diseases of plants; feeding experi-
ments; entomology; dairying.

Chemistry; pot and field experiments; horticultare;
feeding experiments; disea.ses of animals.

Chemistry: field experiments; horticulture; di.seasesof
jjlants; feeding experiments; entomology; dairying.

Soils; horticulture; seed breeding; diseases of plants;
feeding experiments; diseases of animals; ento-
mology.

Chemistry; soils: fertilizer analysis; field experiments;
horticulture; disea.ses of plants; entomology; dairy-
ing.

Chemistry; bacteriology; soils and soil physics; field
experiments; horticulture; sugar making; drainage;
irrigation.

Chemistry; geology; botany; bacteriology; soils; field
experiments; horticulture; feeding experiments;
entomology.

Chemistry; soils; fertilizers; field experiments; horti-
culture; stock raising; dairying.

Chemistry; botany; analysis and inspection of ferti-
lizers and concentrated commercial feeding stuffs;
horticulture; diseases of plants; seed tests; food and
nutrition of m:in and animals; diseases of animals;
entomology; dairying.

Chemistry: soils; field experiments; horticulture; dis-
eases of plants; feeding experiments; entomology.

Chemistry; meteorology; analysis and inspection of
fertilizers and concentrated commercial feeding
stuffs; field experiments; horticulture; diseases of
plants; digestion and feeding experiments; diseases
of animals; entomology.

Botany and bacteriology; field experiments; horticul-
ture; forestry; diseases of i>lants; feeding experi-
ments; diseases of animals; entomology; dairying.

Chemistry; field experiments; horticulture; forestry;
plant diseases; food and nutrition of man; plant and
animal breeding; feeding experiments; diseases of
animals; entomology; dairying.

Chemistry; soils; field experiments; horticulture; feed-
ing experiments; dairying.

Chemistry; field experiments; horticulture; diseases of
plants; feeding experiments; disea.ses of animals; en-
tomology; drainage.

Field experiments; horticulture: diseases of plants;
feeding experiments; diseases of animals; irrigation.
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AGRICULTURAL EXPERIMENT STATIONS OF THE UNITED
STATES, ETC.—Continued.

Stations, locations, j^"^'
and directors.

staff.

Nebraska. Lincoln:
Q. E. MacLean...

Nevada, Reno:
J. E. Stubbs.

New Hampshire,
Durham:

C. S. Murkland...

New .Jersey (State),
New Brunswick:

E. B. Voorhees . .

.

New Jersey (Col-
lege), New Bruns-
wick:

E. B. Voorhees ...

New Mexico, Mesilla
Park:

C. T. Jordan

New York (State),
Geneva:
W. H. Jordan

New York (Cornell),
Ithaca:

I. P. Roberts

North Carolina, Ral-
eisrii:

W. A. Withers...

North Dakota, Afrri-
cultural College:

J. H. Worst

Ohio, Wooster:
C. E. Thorne.

Oklahoma, Stillwater
O. E. Morrow . . .

.

Oregon. Corvallis:
T. M. Oatch....

Pennsylvania, State
College:
H. P. Arinsby

Rhode Island, Kings-
ton:
A. A. Brigham ..

South Carolina, Clem
son College:
H. S. Uartzog ...

South Dakota, Brook-
ings:

J. H. Shopar.l . .

Tennessee, Knox-
ville:

m

10

20

Number
of teach-
ers on
staff.

10

Principal lines of work.

Chemistry: botany: meteorology; field experiments;
horticulture; forestry; feeding and breeding experi-
ments: diseases of animals; entomology ; irrigation.

Chemistry; botany: soils: field experiments; horticul-
ture; forestry; entomology; irrigation.

Chemistry: field experiments; disea-ses of plants; feed-
ing experiments: diseases of animals; entomology;
dairying; road experiments.

(Chemistry: biology: botany; analysis of fertilizers and
foods; pot and field experiments; horticulture; dis-
eases of plants; food and nutrition of man; disea,ses of
animals; entomology; dairy husbandry; bacteria of
milk; irrigation.

Chemistry; botany; field experiments; horticulture;
diseases of plants; entomology; irrigation.

Chemistry; meteorology; analysis and control of fer-
tilizers: field experiments; horticulture; diseases of
plants; feeding experiments; poultry experiments;
dairying.

Chemistry of soils and feeding stuffs and dairy products;
soils; fertilizer investigations; field experiments;
horticulture; diseases of plants; feeding sheej) and
swine; diseases of animals; poultry exi)friments; en-
tomology; dairying.

Chemistry: analysis and control of fertilizers; field ex-
periments; horticulture; food adulteration; composi-
tion of feeding stuffs; digestion experiments; poultry
experiments.

Field experiments; horticulture; diseases of plants;
feeding experiments; diseases of animals; dairying.

Soils; field experiments; horticulture; diseases of
plants; breeding and feeding experiments; entomol-
ogy.

Botany; soils; field ex])oriments: horticulture; di^s-
tioirexperiments; stock feeding; entomology; irriga-
tion. •

Chemistry; .soils; field crops; horticulture; diseases of
l>lants; "digestion and feeding experiments; entomol-
ogy; dairying.

Chemistry; meteorology: fertilizer analvsi.s; field ex-
I)orimtMits; feeding experiments; dairying.

Chemistry; meteorology; soils; field and pot experi-
ments; hf)rticulture; disea.«es of plants; poultry
experiments; oyster culture.

Soils: analysis and control of fertilizers; field exjierl-

ments; horticulture; dairying.

B.icteriology; chemistry of soils and soil jihysics; field

experiments; forestry; diseases of plants; feeding
exi>eriments; entomology; irrigation.

Clicmistrv; Initany; field expcriinents; h<>rti<iilturc;

entomology.
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AGRICULTURAL EXPERIMENT STATIONS OF THE UNITED
STATES, ETC.—Continued.

Stations, locations,
and directors.

Texas, College Sta-
tion:

J. H. Connell

Utah, Logan:
L. Foster

Vermont, Bur 1 i n g -

ton:
J. L. Hills

Virginia, Blacksburg:
J. M. McBryde...

"Washington, Pull-
man:
E. A. Bryan

West Virginia, Mor-
gantown:

J. H. Stewart

Wisconsin, Madison:
W. A.Henry

Wyoming, Laramie:
E. E. Smiley

Num-
ber in
staff.

13

13

Number
of teach-
ers on
staflf.

Principal lines of work.

Chemistry; soils; fertilizers: field experiments: horti-
culture; ifeeding dairy cows: sheep husbandry; dis-
eases ot animals and plants; irrigation.

Chemistry; meteorology; soils: field experiments: hor-
ticulture; forestry; feeding experiments; poultry;
dairying; irrigation.

Chemistry; analysis and control of fertilizers; field ex-
periments: horticulture; diseases of j)lants; feeding
experiments; diseases of animals; dairying.

Chemistry; fertilizers: diseases of plants: diseases of
animals; feeding experiments; entomology.

Chemistry: soils; bacteriology; field experiments; hor-
ticulture; diseases of plants; feeding experiments;
entomology.

Chemistry; analysis and control of fertilizers: field ex-
periments: horticulture; feeding experiments; poul-
try experiments; entomology.

Chemistry: soils: field experiments: horticulture; feed-
'ng experiments; diseases of animals; dairying; drain-
age and irrigation.

Geology; botany: meteorology: waters: soils: fertilizers;
field experiments; food analysis; feeding experiments;
entomology.

NOTES REGARDING DEPARTMENT PUBLICATIONS.

The publications of the U. S. Department of Agriculture are of three classes:

(1) Serial publications, (2) scientific and technical reports, and (3) popular bulle-

tins. The first two classes are issued in limited editions and are distributed fr«.e

only to persons cooperating with or rendering the Department some service.

Sample copies Avill be sent if reqiiested, but generally applicants must apply to
the Superintendent of Documents, Union Building. Washington, D. C, to whom
all publications not needed for official use, except circulai's and bulletins printed
by law for free distribution, are* turned over. They are disposed of by him at cost
of ])rinting.

The popular circulars and bulletins treat in a practical way of subjects of partic-

ular interest to farmers, are issued in large editions, and are for free distribution.

The Farmers' Bulletins are of this class. Some of them are out of print. A list

of such as are available for distribution at any time will be forwarded upon request.
There is no list of persons to whom all publications are sent. The Monthly List

of PuV)lications, issued the 1st of each month, will be mailed regularly to all who
apply for it. In it are given the titles of all publications issued during the ]irevi-

ous month, with a note explanatory of the character of each, thus enabling the
reader to make intelligent application for such bulletins and reports as are likely

to be of interest to him.
For the maps and bulletins of the Weather Bureau, requests and remittances

should be directed to the Cliief of that Bureau. Also the index (card form) of
experiment-station literature is sold direct to applicants by the Office of Experi-
ment Stations. For all other publications to which a prit e is affixed, applica-
tion must be made to the Superintendent of Documents, Union Building, Wash-
ington, D. C, accompanied by the price thereof: and all reniittamcs should be
made to him, and notto the Departmentof Agriculture. Such remittances should
be made by postal money order, and not by private check or postage stamps. The
Superintendent of Dociiments is not permitted to sell move than one copy of any
public document to the same person. The Public Printer may sell to one person
any number not to exceed ~jO copies, if ordered before the publication goes to press.
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PUBLICATIONS ISSUED JANUARY 1, 1898, TO DECEMBER 31, 1898.

Tlu» followinjj: publications were issued by the United States Department of

AiiricultTire during the year January 1, 1898, to December 31, 1898. Those to
wiiich a price is attached, with the exception of publications of the Weather
Bureau, must be obtained of the Superintendent of Documents, Union Building,
Washington, D. C. . to whom are turned over all copies not needed for official use,

in compliance with section 67 of the act providing for the public printing and
binding and the distribution of public documents. Remittances should be made
to him by postal money order. Weather Bureau publications to which a price is

attached must be obtained from the Chief of that Bureau. Applications for those
that are for free distribution should be made to the Secretary of Agriculture,
Washington, D. C.

OFFICE OF THE SECRETARY.
Copies.

Report of the Secretary for 1S08 30,000
Irrigation on the Great Plains. Reprint from Yearbook, 1898 1,000
Sheep Feeding. Farm. Bui. 49. Reprint .. 20,000
Marketing Farm Produce. Farm. Bui. 02 40, 000
Number, Status, and Compensation of Employees in the Department of

Agriculture. Cir. 0, With two reprints 3,000
Sewage Disposal on the Farm, and the Protection of Drinking Water.
Farm. Bui. 43. Reprint.. 10,000

Beet-Sugar Industry in the United States. Report of Special Agent.
House Doc. 396, ooth Cong. , 2d. sess. 500

Farm Drainage. Farm. Bui. 40 10,000
Cultivation of Tobacco in Sumatra. 5 cents 4, 000
Possible Influence of Importation of Hawaiian Sugar on Beet-Sugar Pro-

duction in the United States. Cir. 7 2, 000

CONGRESSIOXAL PUBLICATIONS.

A Report to Congress on Agriculture in Alaska, including Reports by
Walter H. Evans, Benton Killin, and Sheldon Jackson. House Doc.
No. 160. 55th Cong.. 2d sess.... 17,500

Adulteration of Wheat Flour. House Doc. No. 309, 55th Cong. , 2d seas .
.* 1 , 723

Operations of the Bureau of Animal Industry. House Doc. No, 227, 55th

Cong.. 2d sess ... -. 1,723
Yearbook of the Department of Agriculture. 1897. 60 cents. 500, 000

Analyses of Sugar Beets Grown in Various States. From Special Report
on the Beet-Sugar Industry in the United States. From House Doc.
No. 390. 55th ( 'ong. , 2d sess* 60,000

Bibliography of the More Important Contributions to American Economic
Entomology. Piirt VI; June 30, 1888, to Dec. 30, 1896 ., 1.000

Report of the Chief of the Weather Bureau. 1 896-97. 4, 000
Fourteenth Annual Report of the Bureau of Animal Industry for the

Fiscal Year 1S97. 65 cents. 30.000

DIVISION OF ACCOUNTS AND DISBURSEMENTS.

Fiscal Regulations of the U. S. Department of Agriculture, together with
e.xtri'.cts from the Revised Statut<^s, Decisions of Courts, Rulings of the

Comptrollers, Opinions of the Attorney-General, etc 3. 000

Report of the Chief for 1897. Reprint -'•')0

Report of the Chief for 1898. 2.50

DIVISION OF AOROSTOT.OOY.

Cowjieas {Vicpin rrilinvq). Reprint from Yearbook, 1890 2,000

American (trasses: I. 13ul. 7, revised. 20 cents 1,000

A iie]io;-t upon the Grasses and Forage Plants and Forage Conditions of

the Eastern Rocky Mountain Region. Bui. 12. With reprint. 5 cents. 5,000

Sorghum as a Forage Crop. Farm. Bui. 5(>. Reprint 10, 000

Stuilies on American (ira-sses: I. A Revi.sion of the North American
Spe -ies of Calamagrostis. II. Descriptions of New or Little-Known
Gras.seH. Bui. II. lOcents l.'iOO

Gram. (.'hick-Pea, or Idaho Pea. Cir. 7 .: 5,000
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f'opie3.

Meadows and Pastures: Formation and Cultivation in the Middle Eastern
States. Farm. Bui. GG. Reprint 10,000

A Keport upon the Forage Plants and Forage Resources of the Gulf
States. Bui. 15. Scents .'5,000

Grasses as Sand and Soil Binders. Reprint from Yearbook, 18U4 .'jOO

The Renewing of Worn-Out Native Prairie Pastures. Cir. 4. Revised
reprint - 2, .500

Report of the Agrostologist for 1898 .500

The Red Desert of Wyoming and its Forage Resources. Bui. 13. 10 cents 3, 000
Economic Gras.ses. Bui. 14. 10 cents .... 8,000
Alfalfa or Lucern. Fann. Bui. :^1. Revi.se 1 edition 2U, 000
Report of the Agrosto'ogist for 1897. 250
The Cultivated Vetches. Cir. 6, with two reprints 10.000
Cattle Ranges of the Southwest. Farm. Bui. 73 20, 000
A Report upon the Grasses and Forage Plants of Central Texas. Bui. 10.

5 cents 5. 000
Division of Agrostology. Reprint from Yearbook, 1897 1 , 000
Leguminous Forage Crops. Reprint from Yearbook, 1897 .

.

500
Lawns and Lawn Making. Reprint from Yearbook, 1897 1,500

BUKE.\U OF ANIMAL INDUSTEY.

Standard Varieties of Chickens. Farm. Bui. 51. Reprints 80, 000
The Dairy Herd: Its Formation and Management. Farm. Bui. 55. Re-

prints 75, 000
Facts About Milk. Farm. Bui. 42. Reprint 20,000
Hog Cholera and Swine Plague. Farm. Bui. 24. Reprints 75,000
Care of Milk on the Farm. Farm. Bui. G3. Reprints 65, 000
Ducks and Geese: Standard Breeds and Management. Farna. Bui. 64.

Reprints 30.000
Butter Making on the Farm. Farm. Bui. 57. Reprints 60, 000
Sheep Scab: Its Nature and Treatment. Bui. 21. 15 cents 10,000
Proceedings of the Second Annual Meeting of the Association of Experi-
ment Station Veterinarians at Omaha, September 8, 1898. 5 cents 1, 500

Report of the Chief for 1898 300
National and State Dairy Laws. Reprinted from Fourteenth Annual Re-
port of Bureau 1 . 000

State Standards for Dairy Products, 1898, Cir. 25, with reprint 3, oOO
Dire:tion3 for the Pasteurization of Milk. Cir. 1. Revised reprint 2, 500
Colored Spots in Cheese. Cir. 21, with reprint 9. 000
Thelnspectionof Meats for Animal Parasites. Bui. 19. Reprints. lOcents. 6,000
List of OfiBcials and Associations Connected with the Dairy Interests in

the United States and Canada for 1898. Cir. 22 5, 000
Blackleg: Its Nature, Cause, and Prevention. Cir. 23 5, 000
The Milk Su^^ply of Boston and Other New England Cities. Bui. 23.

10 cents .- 10,000
Some Essentials in Beef Production. Fann. Bui. 71 50, 000
Bureau of Animal Industrj'. Reprint from Yearbook, 1897 5,000
Utilization of By-Products of the Dairy. Reprint from Yearbook, 18^7.

.

17, .500

DIVISION OF BIOLOGICAL SURVEY.

The Jack Rabbits of the United States. Bui. 8. Revised reprint. 10 cents. 1,000
Bird Day in the Schools. Cir. 17. Reprint 12.ii00

Birds that Injure Grain. Reprint from Yearbook, 1897 1 , 000
Some Common Birds in Their Relations to Agriculture. Farm. Bui. 54.

Reprints 60,000
Cuckoos and Shrikes in Their Relation to Agriculture. Bui. 9. 5 cents. 4, 000
Life Zones and Crop Zones of the United States. Bui 10. 10 cents 5, 000
The Geographical Distribution of Cereals in North America. Bui. 11.

10 cents ... 5. 000
Report of the Acting Chief for 1898 500

DIVISION OF BOTANY.

Principal Poisonous Plants of the United States. Bui. 20 20, 000
Report of the Botanist for 1898 500
Weeds : and How to Kill Them. Farm. Bui. 28. Reprints 20. 000
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Copies.

Observations on Recent Cases of Musnroom Poisoning in the District of

Columbia. Cir. 1:3. Revised edition 5,000
Report of Botanist for 1897 500

American Ginseng: Its Commercial History, Protection, and Cultivation.

Bui. 10. With reprint. Scents 6,000

Division of Botany. Reprint from Yearbook, 1897 500

Chicory Growing as an Addition to the Resources of the American
Farmer. Bui. io. Scents - 1,000

Dodders Infesting Clover and Alfalfa. Cir. 14 5, 000

Additional Notes on Seed Testing. Reprint from Yearbook, 1897 500

Horse-Radish. Cir. 15 -.. - 5,000

DIVISION OF CHEMISTRY.

The Sugar Beet: Culture, Seed Development, Manufacture, and Statistics.

Farm. Bui. 52. Reprints. 75,000
Composition of Maize (Indian Corn). Bui. 50 5,000
Food Adulteration. Reprint from Bui. 51 1,000

Experiments vnth Sugar Beets in 1897. Bui. 52 1,000
Foods and Food Adulterants. Cereals and Cereal Products; Bui. 13,

PartO. IScents - 1,000
Mineral Phosphates as Fertilizers. From Yearbook, 1894. Reprint 200

Chemical Composition of the Carcasses of Pigs. Bui. 53. 5 cents 5,000
Report on an Investigation of Analytical Methods for Distinguishing
Between the Nitrogen of Proteids and That of the Simpler Amids or
Amido-Acids. Eul. 54. Scents 2,000

The Fertilizing Value of Street Sweepings. Bui. 55. 5 cents G, 000

Report of the Chief for 1898. 500

Changes in and Additions to Methods of Analysis Adopted at the Thir-

teenth and Fourteenth Annual Meetings of the Association of Official

Agricultural Chemists. Cir. 4 1,500
Every Farm an Experiment Station. Reprint from Yearbook, 1897 100

Division of Chemistry. Reprint from Yearbook, 1897 100

Report of Committee [chemists] on Standards for Volumetric Apparatus,
Standard Temperatures for Specific Gravity Determinations, etc 200

Proceedings of the Fourteenth Annual Convention of the Association of
Agricultural Cliemists, held at Washington, D. C, October 26, 27, and
28,1897. Bui. 51, with reprint. 10 cents 2,000

DIVISION OF ENTOMOLOGY.

The Mexican Cotton-Boll Weevil in 1897. Cir. 27, second series 4,000
The Gipsy Moth in America. Bui. 11, new series. 5 cents 3, 500
The Box-Elder Plant-Bug (Lepticoris trivitfatiis). Cir. 28, second series. 2,500
The San Jose Scale: Its Occurrences in the United States, with a full

account of its life history and the remedies to be used against it. Bui.

3, new series. Reprint. 10 cents . 3,000
The Caiiiet Beetle. or *' Buffalo Moth " {Anthreniis scroj^inilaricv). Cir. 5,

new series. Reprint 2, 000
Some Miscellaneous Results of the Work of the Division of Entomology.

Bui. 10, new series. 10 cents 8,500
The San Jose Scale in 1890-97. Bui. 12, new series. 5 cents 5, 500
The Principal Insect Enemies of the Grape. Farm. Bui. 70 20. 000
Recent Laws Against Injurious Insects in North America, together with

the Laws Relative to Foul Brood. Bui. 15, new series. Scents 3,000
The Fruit-Tree-Bark Beetle {Scoli/tu.s riKjidusiis Ratz. ). Cir. 29, second

series 5, 000
In.sects Affecting the Cotton Plant. Farm. Bui. 47. Reprint 25. 000

The Periodical Cicada in 1N98. Cir. 30, second series. With two reprints. 7,000
The Largf-r Apple-Tree Borers. Cir. 32, second series 5, 000
Report of the Entomologist for 1898 500
The Periodical Cicada. An Account of Cicada Septendecim, its Natural
Enemies and the Means of Preventing its Injury, together with a Sum-
mary of the Distribution of the Different Broods. Bui. 14, new series.

IScents 5,000
The Peach Twig Borer: An Important Enemy of Stone Fruits. Farm.

Bui. 80 10,000
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Topics.
Remedial Work against the Mexican Cotton-Boll Weevil. Cir. 'iP>, Hecond

series. 3,000
House Ants (Monomorium pharaonis et al. ) . Cir. M, second series 5, 000
House Flies (Musca domentica et al. ) . Cir. 3.") 7, 000
The True Clothes Moths (

Tinea jwUionclla et al. ) . Cir. 30, secoml s -ries .

.

3, 000
Proceedings of the Tenth Annual Meeting of the Association of Economic
Entomologists at Boston, August 19-20, 1898. Bui. 17, new series. 10

cents. 2,500
The Chinch Bug: Its Probable Origin and Diffusion, etc. Bui. l.>, new se-

ries. 10 cents 5, 000
BeeKeeping. Farm. Bui. 59. Reprint 20,000
Important Insecticides: Directions for Their Preparation and Use. Farm.

Bui. 19. Fourth revised edition- 20,000
The Striped Cucumber Beetle ( Diabrotica vittata). Cir. 31, second series. 4, 000
Division of Entomology. Reprint from Yearbook, 1897 100
Danger of Importing Insect Pests. Rei)rint from Yearbook, 1897 1 , 000

OFFICE OF EXPERIMENT STATIONS.

Experiment Station Record. Vol. VIII, No. 12, reprint; Vol. IX, Nos. 4

tol2; Vol. X.Nos 1-3. 10 cents 54,500
Nutrition Investigations in New Mexico in 1897. Bui. 54, with reprint.

Scents .'- 3,500
Experiment Station Work—I. Farm. Bui. 56. Reprints 50, 000
Experiment Station Work—III. Farm. Bui. 69 30, 000
A Report to Congress on Agriculture in Alaska, including Reports by
Walter H. Evans, Benton Killin. and Sheldon Jackson. Bui. 48. 10

cents - 2, 500
Sweet Potatoes: Culture and Uses. Farm. Bui. 26. Reprint... 10,000
Fowls: Care and Feeding. Farm Bui. 41. Reprint 75,000
Potato Culture. Farm. Bui. 35. Reprints 25,000
Barnyard Manure. Farm. Bill. 21. Reprint 10,000
Commercial Fertilizers: Composition and Use. Farm. Bui. 44. Rei^rint. 30,000
Peanuts: Culture and Uses. Farm. Bui. 25. Reprint 10, 000
The Feeding of Farm Animals. Farm. Bui. 22. Reprints 45,000
Milk as Food. Farm. Bui. 74. Reprints.. 50,000
Corn Culture in the South. Farm. Bui. 81. With reprint 30, 000
Experiment Station Work—VI. Farm. Bui. 79 30, 000
The Manuring of Cotton. Farm Bui. 48. Reprint 10, 000
Silos and Silage. Farm. Bui. 32. Reprint. 10,000
Meats: Composition and Cooking, Farm. Bui. 34. Reprints 30, 000
Some Books on Agriculture and Sciences Related to Agriculture, Pub-

lished 1896-1898. Cir. 38, with reprints 3.100
FishasFood. Farm. Bui. 85 20,000
Scandinavian Seed-Control Stations. Reprint from Experiment Station
Record 200

Experiment Station Work—IV. Farm. Bui. 73. Reprint 30, 000
Experiment Station Work—V. Farm. Bui. 78. Reprints 30, 000
Report of the Director of the Office of Experiment Stations for 1898 2. 000
Foods: Nutritive Value and Cost. Farm. Bui. 23. Reprints 35, 000
Losses in Boiling Vegetables and the Composition and Digestibility of
Potatoes and Eggs. Bnl. 43. Reprint. 5cents. 1,000

Experiment Station Work—VII. i'arm. Bnl. 84 20, 000
Souring of Milk and Other Changes in Milk Products. Farm Bull. 29.

Reprint 20,000
Third Report of Committee of Association of American Agricultural Col-

legos and Experiment Stations on Methods of Teaching Agriculture.
Cir. 39 3,000

Report of Preliminary Investigations on the Metabolism of Nitrogen and
Carbon in the Human Organism, with a Respiration Calorimeter of

Special Construction. Bui. 44. 5 cents. Reprint... 1,000
Experiment Station Work— II. Farm. Bui. 65 40, 000
The Aims and Tendencies of the German Agricultural Experiment Sta-

tions. From Experiment Station Record 200
Dietary Studies in New York City in 1895 and 1806. Bui. 46. 10 cents .

.

4. 000
Organization Lists of Agricultural Experiment Stations and Institutions
with Courses in Agriculture in the United States. Bui. 47. 10 cents.

.

3, 500
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Copies.

A Report on tii > Work and Expenditures of the Agricultural Experiment
St:»tions for the year ended June :50, 1S<)7. Bui. ")(). 10 cents 2,000

A Dii^pst of Metabolism Experiments in which the Balance of Income
and Outgo was Determined. Bui. 4."5, ^r) cents. With revised edition. 2,000

Proceedings of the Eleventh Annual Convention of the Association of

American Agricultural Colleges and Experiment Stations, held at JMin-

neapolis, Minn.. July 13-1.}, 18!»r. Bui. 41). 10 cents 2,000
The Methods of Determining the Digestibility of Feeding Stuffs. From
Experiment Station Record - 200

Agricultural Education and Research in the Scandinavian Countries and
Finland. From Experiment Station Record ... 2, 000

Statistics of the Land-Grant Colleges and Agricultural Experiment Sta-

tions in the United States for the Year Ending June 30, iy'.)7. Bui. 51.

5 cents. - ---- 3,000
Popular Education for the Farmer in the United States. Reprint from
Yearbook. 1897 1.000

Nutrition Investigations in Pittsburg. Pa., 1894-189G. Bui. 52. 5 cents . 4,000

Origin and Formation of Organic Matter in Plants. From Experiment
Station Record 200

Office of Experiment Stations. Reprint from Yearbook, 1897 500

The Needs and Requirements of a Control of Feeding Stuffs. Reprint
from Yearbook, 1897 - - 2, 500

Tomato Growing. Farm. Bui. 7f). With reprint 40, 000

The Liming of Soils. Farm. Bui. 77 20,000

Foods for Man. Prepared in the Office of Experiment Stations. Reprint
from Yearbook, 1897 1.000

The Agricultural Outlook of the Coast of Alaska. Reprint from Year-
book, 1897 1.000

Nutrition Investigation at the University of Tennessee in 1896 and 1897.

Bui. 53. 5 cents 4.000

The Value of Experiments on the Metabolism of Matter and Energy.
From Experiment Station Record 200

OFFICE OF FIBER INA'ESTIOATIONS.

Flax for Seed and Fiber in the United States. Farm. Bui. 27. Reprint . 15, 000

The Present Status of Flax Culture in the United States. Reprint from
Yearbook, 1897 - - - - - 500

Office of Fiber Investigations. Reprint from Yearbook, 1897 500

A Report on the Culture of Hemp in Europe, including a Special Consular
Report on the Growth of Hemp in Italy, received through the Depart-

ment of State. Report 11. 5cents... - 4,000

A Report on Flax Culture for Seed and Fiber in Europe and America.
Report 10. 10 cents -1.000

SECTION OP FOREIGN MARKETS.

Agricnltural Imports and Exports, 1893-1897. Cir. 20. Reprint. 05. 000

Our Foreign Trade in Agricultural Products during the five fiscal j'ears

1893-1H!(7. Bui. 10. 5 cents - --- 20,000

Spain's Foreign Trade. Bui. 11. 5 cents. With reprints 11, 500

Our Trade with Si»ain, 1888-1897. Bui. 12. 5 cents. With reprints 11.500

Section of Foreign Markets. Reprint from Yearbook, 1 897. With reprint. 4, 000

Hawaiian Commerce from 1887-1897. Cir. 18. Revised edition. Reprint. 6,000

( )ur Trade with Cuba from 1887-1897, Cir. 16. Reprint. . . 2, 000

The World's Markets for American Products, Norway. Bui, 7. Revised
edition. 5 cents. 4,000

The World 8 Markets for American Products, Sweden. Bui. 8. Revised
edition. 5 cents "*' ^00

Roportof the Chief for 1898.. 2.500

Trade of Puerto liico. Bui. 13. 5 cents ^^'2^1
Exports of Cotton from Egypt. Cir. 15. Reprint -*.'X>0

United States Wheat for Eastern Asia. Cir. 17. Reprint. 2.000

DIVISION OF FORi:STRV.

Forestry for Farmers. Farm. Bui. 67. Reprints -

.

30. IKK)

Progress in Timl^er Physics: Bii\dCyi>ress (Taxodiuvidistichum). Cir. 19- 7,.)00
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Copici.

Experimental Tree Planting in the Plains. Bui. 18. 10 cents 5, 000
Osier Culture. By John M. Simpson. Bui. I'J . 5 cents 4, 000
Eeport of the Chief of the Division of Forestrj' for 1898. fjOO

Practical Assistance to Farmers, Lumbermen, and Others in Handling
Forest Lands. Cir. 21 lo, 000

Check List of the Forest Trees of the United States, Their Names and
Ranges. Bui. 17. 15 cents 1,00;J

Systematic Plant Introduction; Its Purposes and Methods. Bui. 21. .j

cents _

.

8, 000
Measuring the Forest Crop. Bui. 20. lOcents 4,000
Timber Pines of the Southern United States. Bui. 13. Revised edition.

35 cents. 1 . 000
Forest Growth and Sheep Grazing in the Cascade Mountains of Oregon.
Bui 15. Scents 5,000

Forest Conditions and Interests of Wisconsin. Bui. 16, 10 cents o, 000
Progress in Timber Physics. Cir. 18 5, 000
Division of Forestry. Reprint from Yearbook, 1897 2, 500
Increasing the Durability of Timber. Cir. 20 2,500
Trees of the United States Important in Forestry. Reprint from Year-
book, 1897 2, .500

DIVISION OF GARDENS AND GROUNDS.

An Experiment in Tea C^ulture. Cir. 1. Reprint 1,000
Experimental Gardens and Grounds. Reprint from Yearbook, 1897 300

LIBRARY.

Reference List of Publications relating to Edible and Poisonous Mush-
rooms. Bui. 20. Scents 2,000

Accessions to the Department Library. October-December, 1897. 5 cents. 850
Accessions to the Department Library. January-March, 1898. Scents.. 850
Accessions to the Department Library. April-June, 1898. Bui. 23. 5

cents 1 . 000
List of Publications Relating to Forestry in the Department Librarv.
Bui. 24. 15 cents .

.'. 1.000
The Library. Reprint from Yearbook, 1897. 500
Accessions to the Department Library. July-September. Bui. 25. 5
cents -. 1.000

DIVISION OF POMOLOGY.

The Fruit Industry and Substitution of Domestic for Foreign-Grown
Fruits. Bui. 7. 15 cents 10,000

Notes on Peach Cultxire. Cir. 3. Reprint 2,500
Small Fruit Culture for Market. From Yearbook, 1895. Reprint 5, 000
Report of the Pomologist for 1898 300
Catalogue of Fruits Recommended for Cultivation in the Various Sections

of the United States. Bui. 3. Scents. Repi'int 2.000
Report of the Pomologist for 1897. 400
Nut Culture in the United States, embracing Native and Introduced Spe-

cies. Special Report. Reprint. 30 cents 1.000
Fig Culture. Edible Figs: Their Culture and Curing. Bui. S. Reprint.
Scents 1.000

Division of Pomology. Reprint from Yearbook for 1897 200

DIVISION OF PUBLICATIONS.

Historical Sketch of the United States Department of Agriculture; Its

Objects and Present Organization. Bui. 3, with revi.sed edition 8, 000
Division of Publications. Reprint from Yearbook. 1897. With reprint .

.

1,000
Monthly list of Publications, J anuary to December 317, 000
Publications of the U. S. Department of Agriculture for sale by the Super-
intendent of Documents, No. 1 7t>, revised 5, 000

Report of the Chief of the Division of Publications for 1898 1 . 500
Asparagus Culture. Farm. Bui. (51. RfM.n'int 10,000
Index to Authors, with Titles of Their Publications appearing in the Doc-
uments of the U. S. Department of Agriculture, 1841-1897. Bui. 4. 20
cents 1 . (XK)
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OFFICE OF ROAD INQUIRY.
Copies.

Report of the Director of the Office of Road Inquiry for 1897 500

Repairs of Macadam Roads. Cir. iJO 10, 000

Notes on the Employment of Convicts in Connection with Road Building.

Bui. 10. ocents.".... ..- 5,000

Office of Road Inquiry. From Yearbook, 1897. Reprints 10,0()0

State Aid to Road Huildinji; in Minnesota. Cir. 132, with reprint 15, 000

Best Roads for Farms and Farming Districts. From Yearbook, 1894.

Reprint - 1,000

State Highways in M;issachusetts. From Yearbook, 1894. Reprint 1,000

Must the Farmer Pay for Good Roads? Cir. m. 400. 000

Addresses on Road Improvement. Cir. 14. Reprint 10,000

Going in Debt for Good Roads. Cir. 26. Reprint 30, 000

Report of the Director for 1898. 500

Money Value of Good Roads to Farmers. Cir. 23 10, 000

DIVISION OF SOILS.

Methods of Curing Tobacco. Farm. Bill. 60. Reprint 20,000
The Mechanics of Soil Moisture. Bui. 10. Scents 2,000
Report of the Chief of Division of Soils for 1897 250
Tobacco Soils of the United States. Bui. 11. 10 cents. With reprints.

.

4,000
The Electrical Method of Moisture Determination in Soils: Results and

Modifications in 1897. Bui. 12. Scents. 2,000
Division of Soils. Reprint from Yearbook, 1897 500

Some Interesting Soil Problems. Reprint from Yearbook, 1897 1 , 500

A Preliminary Report on the Soils of Florida. Bui. 13. Scents 5,000
Tobacco Soils. Farm. Bui. 83 20.000
Methods of Curing Tobacco. Farm. Bui. 60. Revised reprints . 35, 000
The Culture of Tobacco. Farm. Bui. 82 30,000
Report of the Chief for 1898 300

DIVISION OF STATISTICS.

Crop Circular, May to December. 1 , 270, 000
The Cotton Crop of 1896-97. Cir. 8. 27.000
Changes in the Rates of Charge for Railway and Other Transportation

Services. Bnl. 15, misc. series, with reprint. Scents 19,000
The Cotton Crop of 1897-98. ar. 9 20,000
Report of the Statistician for 1898 500
Final Report on the ('rops of 1897. Report No. 155, new series 100, 000
The Fertilizer Industry: Review of Statistics of Production and Con-
sumption, with abstracts of State Laws for Analysis and Sale. Misc.
series 13. with reprint. 5 cents - 37,000

Of What Service are Statistics to the Farmer? Reprint from Yearbook,
1897. Bnl. 14, misc. series. Scents 15,000

Publications of the Division of Statistics of the U. S. Department of
Agriculture: Reports Nos. 145 to 155: Circulars Nos. 5 to 8. 1S97 12,000

Agricultural Production and Prices. Reprint from Yearbook, 1897 3, 500

DIVISION OF VEGETABLE PHYSIOLOGY AND TATHOLOGY.

Danger of Introducing a Central American Coffee Disease into Hawaii.
Cir. 16 2, 000

Water as a Factor in the Growth of Plants. From Yearbook, 1894.

Reprint 500

Report of the Acting Chief for 1898 300
The Grain Smuts: How They are Caused and How to Prevent Them.
Farm. Bnl. 75. With reprint .-. 70,000

Olive ( 'ulturo in the United States, From Yearbook, 1896. Reprint 500

The Black Rot of the Cabbage. Farm. Bui. 68 30.000

Division of Vegetable Physiology and Pathology. Reprint from Year-
book. 1K9 7 1.000

Hybrids and Their Utilization in Plant Breeding. Reprint from Year-
book. 1W>7 5.000

Some Edible and Poiaonou-s Fungi. Bui. 15 . 15,000
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WEATHER BUREAU.
Copies.

Monthly Weather Review. 10c. Vol. XXV, 13; Vol. XXVI, 1 to 9 48, 125
Forest and Rainfall. Weather Bureau, No. 1-JO , 300
The Probable State of the Sky along the Path of Total Eclipse of the Sun,
Mav2H, I'JOO. Wi'ather Bureau, No. 142 300

Monthly Bulletin of the River and Flood Service, Oct., '97, to Oct., '98 ... 8, 175
Storm Bulletin No. 1, 1898. Rain, Snow, and Wind Storm of January

24-20, 1898 3,000
Floods of the Mississippi River. Bui, 3. $1.. 2,900
A Winter Baro,i^rHi)h Curve from the South Pacific Ocean 50
An Improved Sunshine Recorder 300
The Highest Kite Ascensions at Blue Hill 150
Meteorological Chart of the Great Lakes. March to November 24, 662
Abstract of a Report on Solar and Terrestrial Magnetism in Their Rela-

tions to Meteorology. Bui. 21. 15 cents 1,000
The Weather Bureau. Reprint from Yearbook. 1897 500
Normal Annual Sunshine and Snowfall. Weather Bureau, No. 166 500
Report of the Chief of the Weather Bureau, 18;jG-97 2,200
Review of Weather and Crop Conditions, Season of 1897. Yearbook, 1897.
Reprint 1,200

Climate of Cul)a; also a Note on the Weather of Manila. Bui. 22 . . 2, 000
Wrecks and Casualties on the Great Lakes during 1895, 1896. and 1897 ..

.

3, 000
Investigation of the Cyclonic Circulation and the Translatory Movement

of West Indian Hurricanes 20, 000
Description of Cloud Forms 5, 000
Physical and Meteorological Researches at Juvisy 200
Mrnsture Tables 500
Rainfall in Nicaragua. Reprinted from Monthly Weather Review 100
Report of the Chief of the Weather Bureau for 1898 5, 000
Climate and Crop Bulletin No. 32, 1897, and Nos. 1-30.1898 126.100
Snow and Ice Chart 27, 1 68
Daily Weather Map 323,345

STATE OFFICIALS IN CHARGE OF AGRICULTURE.

Secretary of Agriculture.

Pennsylvania Thomas J. Edge HarrLsburg.

Commissioners of Agricxdture.

Alabama Isaac F. Culver. Montgomery.
Arkansas Frank Hill Little Rock.
Florida L. B. Wombwell Tallahassee.
Georgia . O. B. Stephens Atlanta.
Kentucky Lucas Moore Frankfort.
Louisiana . ... I. G. Lee Baton Rouge.
Mississipjii G. W. Carlisle Jackson.
Montana J. H. Calderhcad Helena.
New York ..Chas. A. Wieting Cobleskill.
North C-arolina J. W. Newherne Raleigh.
North Dakota D. F. Laughlin Lisbon.
South Carolina A. P. Butler. Columbia.
Tennessee John T. Essary Nashville.
Texas .leff Johnson Austin.
Virginia Geo. W. Koiner Richmond.

Secretaries of State Boards of Agriculture.

California Edwin F. Smith Sacramento.
Colorado D. W. Working Fort Collins.
Connecticut T. S. Gold West Cornwall.
Delaware Manlove Hayes Dover.
Illinois W. C. Garrard Springfield.
Indiana ,. Chas. F. Kennedy lutlianapolis.
Kansas F. D. Coburn Topeka.
Maine . . B. W. McKeen . . .Augusta.
Massachusetts J. W. Stockwell Sutton.

1 a98 39
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Micliigan I. H. BiilteiTield . . Aijricultural College.

Missouri J. R. Rippey Colnmbia.
Nebraska R. W. Furnas Brownville.

New Jersey Franklin Dye Trenton.

New Hampshire N. J. Bachekler Concord.
Ohio W. W. Miller - Columbus.
Oregon C. D. Gabrielson Salem.
Rhode Island George A. Stockwell Providence.
South Diikota ..Walter B. Dean Yankton.
Utah H. P. Folsora Salt Lake.
Vermont Hon. C. J. Bell East Hardwick.
"West Virginia S. W. Atkinson Potomac.

Secretaries of State Agricultural Societies.

Georgia . . . J. Pope Brown Hawkinsville.
Idaho - . - T. J. Matthews, biii'eau of statistics, Blackfoot.

agriculture, and immigration.
Iowa - P. L. Fowler. Des Moines.
Louisiana ..E. L. Woodside ..Baton Rouge.
Minnesota E. W. Randall Morris.

Montana Francis Pope Helena.
Nevada ..C H. Stoddard Reno.
New York .James B. Docharty Albanv.
North Carolina F. B. Arendell Raleigh.
North Dakota H. U. Thomas, bureau of agriculture, Bismarck.

labor, and statistics.

Washington W. P. C. Adams, bureau of statistics, Olympia.
agriculture, and immigration.

Wisconsin T. J. Fleming... Madison.

FARMERS' INSTITUTE MANAGERS.

President. John Hamilton, Harrisburg, Pa.: vice-president. W. C. Latta, Lafay-
ette, Ind.; secretary-treasurer, F. W. "Taylor, Lincoln, Nebr. Executive com-
mittee: President and secretary ex officio, K. L. Butterfield, Agricultural College.

Mich.: W. W. Miller, Columbus, Ohio, and O. C. Gregg, Lynd, Minn. Mem-
bers: G. Harold Powell, Newark, Del.; O. Clute, Lake City, Fla.; R. E. A. Leach,
Brandon, Manitoba; W. L. Amoss, Benson. Md.: F. E. Dawley, Fayetteville,

N. Y.: D. Reid Parker, West Raleigh, N. C; Franklin Dye, Trenton, N. J.: F. W.
Hodson, Guelph, Ontario; O. C. Brown, Charleston, W. Va.; George McKerrow,
Madison, Wis.

NATIONAL LIVE STOCK ASSOCIATION.
[Org.inizcil .January 25, IS'.W. ]

President, John W. Springer, Denver; secretary, Artluir Williams, Denver.

DAIRY OFFICIALS.

National Dairy Union.—Secretary, Charles Y. Knight, 1S8 South Water street,

Chicago, 111.

National Creamery IJuttermakers' Association.—Secretary, E. Sudendorf,
Elgin, 111.

New England Milk Producers' Union.—Secretary, F. L. Ilayward, Pomfret,

Conn.
Five States Milk Producers' Association.—Secretary, H. T. Coon, Little York,

N. Y.
Colnmbia River Dairy Association.—Secretary, Harrison Allen, Astoria. Oreg.

AI..\1?AM.\.

Alabama Dairymen's Association.-Secretary, F. IT. Bates, Hamburg.

CALIFOKNIA.

State Dairy Bureau.—Secretary and agent, William Vauderbilt, 111 California

street, San Francisco.
California Dairy Association.—Secretary. Samuel E. Watson, isos Eagle avenue,

Alameda.
Dairymen's Association of Southern California.—Secretary, James R. Boal, Box

680, Los Angeles.
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COLORADO.

Stale Dairy Commission.—Commissioner, H. B. Cannon, Denver.
Stato Dairymen's Association.—Secretary, A. M. Hunter Boulder.

CONNECTICUT.

Dairy Commission.—Commissioner, John B. Noble, Hartford.
Connecticut Dairymen's Association.—Secretary, F. H. Stadtmueller, Elmwond.
Connecticut Creamery Association.—Secretary, Frank Avery, Wapping.

GEORGIA.

Georgia Dairymen's Association.—Secretary, M. L. Duggan, Sparta.

ILLINOIS.

Illinois State Dairymen's Association.—Secretary, Geo. Caven, 188 South Water
street, Chicago.
Chicago Milk Shippers' Union.—Secretary,* S. Hill, 94 La Salle street, Chicago.

INDIANA.

State Dairy Association.—Secretary, H. E. Van Norman, Lafayette.

IO^VA.

State Dairy Commission.—Commissioner, B. P. Norton, Des Moines.
Iowa State Dairy Association,—Secretary, J. C. Daly, Charles Cit}'.

KANSAS.

Kansas State Dairy Association.—Secretary, W. F. Jensen, Beloit.

MAINE.

Maine Dairymen's Association.—Secretary. L. W. Dj'er, Cumberland Center.

MASSACHUSETTS.

State Dairy Bureau.—Acting executive officer, George M. Whitaker, Boston.
Massachusetts Creamery Association.—Secretary, A. W. Morse, Belchertown.

MICHIGAN.

State Dairy and Food Commission.—Commissioner, Elliot O. Grosvenor, Lansing.
Michigan Dairymen's Association.—Secretary, S. J. Wilson, Flint.

MINNESOTA.

state Dairy and Food Commission.—Commissioner, J. M. Bowler, St. Paul.
Minnesota Stato Dairymen's Association.—Secretary, Robert Crickmore, Pratt.
Minnesota State Butter and Cheese Makers' Association.—Secretary. J. K.

Bennett, Clinton Falls.

MISSOURI.

Missouri Dairymen's Association.—Secretary, Levi Chubbutk, Chemical Build-
ing, St. Louis.

NEBRASKA.

Nebraska Dairymen's Association.—Secretary, F. H. Vaughan, Fremont.

NEW IIAMTSIIIRE.

Granite State Dairymen's Association.—Secretary, J. L. Gerrish, Contoocook.

NEW JERSEY.

Dairy Commission.—Commissioner, George W. MacGuire. Trenton.
New Jersey State Dairy Union.—Seciretary, Geo. Gillinghast, Trenton.
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NEW YORK.

Department of Agriculture (including dairy). —Commissioner, Charles A. Wiet-
ing. Albany.
New York State Dairymen's Association.—Secretary, W. W. Hall, Gouvernenr.

NORTH CAROLINA.

North Carolina State Dairymen's Association.— Secretary, F. E. Emery, West
Raleigh.

NORTH DAKOTA.

State Commission of Agriculture.—Commissioner, H. U. Thomas, Bismarck
(and ex officio State dairy commissioner).
North Dakota State Dairymen's Association.- Secretary, E. E. Kaufman, Fargo.

Dairy and Food Commission.—Commissioner, Joseph E. Blackburn, Columbus.
Ohio' State Dairymen's Association.—Secretary, L. P. Bailey, Tacoma.
Ohio Dairy Union.—Secretary, F. A. Stranahan, 30 Huron street, Cleveland.

State Dairy and Food Commission.—Commissioner. J. W. Bailey. Portland.

Oregon Dairymen's Association.—Secretary, F. L. Kent, Corvallis.

PENNSYLVANIA.

Dairy and Food Commission (of State department of agriculture).—Commis-
sioner.'Levi Wells. Harrisburg.
Pennsylvania State Dairymen's Association.—Secretary, J. C. McClintock,

Box t»2, Meadville.
Pennsj-lvania Dairy Union.—Secretary, H. Hayward, State College.

Creamery Association of Eastern Pennsylvania.—Secretary, Geo. R. Meloney,

1937 Market street, Philadelphia.

SOUTH DAKOTA.

South Dakota Dairy Association.—Secretary, C. P. Sherwood. Desmet.

South Dakota State Buttermakers' Association.—Secretary, R. K. Emily, Mis-

sion Hill.
TENNESSEE.

East Tennessee Dairy Association.—Secretary, Paul F. Kefauver, Madisonville.

TEXAS.

Dairymen's Association.—Secretary, J. E. Maguire, Waco.

UTAH.

State Food and Dairy Commission.—Commissioner, H. J. Faust, jr., Salt Lake
Citv.
Utah Dairymen's Association.—Secretary, F. B. Linfield, Logan.

VERMONT.

Vermont Dairvmen's Association.—Secretary. F. L. Davis, North Pomfret.

Vermont Butter and Cheese Makers' Association.—Secretary, Wm. Beach,

Charlotte.
WASUINOTON.

State Dairy Commission.—Commissioner, E. A. McDonald, Seattle.

Washington State Dairymen's Association.—Secretary. Fred J. Cheal, North
Yakima.

WISCONSIN.

Dairy and Food Commission.—Commissioner, H. C. Adams. Madison.

Wisronsin Dairymen's Association.— Secretary. George W. Hnrcliard, Fort

Atkinson.
Wisconsin Cheeso Makers' A.ssociation.—Secretary, U. S. Baer, Madison.
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PROTECTION AGAINST CONTAGION FROM FOREIGN CATTLE.

An act of Congress of August 28, 1^94, prohibits tho importation of cattle and
cattle hides, but by the act of March 2, IW"), making appropriations for the
Department of Agriculture, it is provided that the prohibition may be suspended
by the President whenever the Secretary of Agriculture shall certify to the Presi-

dent wliat countries or x>arts of countries are free from contagious or infectious
diseases of domestic animals. Tho President, by proclamation of November 8, 1895,

lifted the embargo with reference to Norway. Sweden, HollaTid, Great Britain,

Ireland, tho Channel Islands, and the countries of North, Central, and South
America so as to admit cattle under sanitary regulations prescribed by the Secre-
tary of Agriculture; also from all countries so as to admit hides under regulations
prescribed by the Secretary of the Treasury.

CATTLE BREEDERS' ASSOCIATIONS.'

American Aberdeen-Angus Breeders' Association.—Thomas McFarlane, Harvey,
111., secretary,
American Devon Cattle Club.— L. P. Sission, Wheeling, W. Va.. secretary.
American Galloway Breeders' Association.—Frank B. Hearne, Independence,

Mo., secretary.
American Guernsey Cattle Club.—Prof. William H. Caldwell, Peterboro, N. H.,

secretary.
American Hereford Cattle Breeders' Association.—C. R. Thomas, Independence,

Mo., secretary.
American Jersey Cattle Club.—J. J. Hemingway, No. 8 West Seventeenth street,

New York, N. Y.. secretary.

American Polled Durham Breeders' Asso:.iation.—.J. H. Miller, Mexico, Ind.,

secretary.
American Shorthorn Breeders' Association.—J. H. Pickrell, Springfield. 111.,

secretary.
American Sussex Association.—Overton Lea. Nashville, Tenn., secretary.

Ayrshire Breeders' Association.— C. M. Winslow, Brandon, Vt., secretary.

Brown Swiss Cattle Breeders' As.sociation.—N. S. Fish, Groton, Conn., secretary.

Dutch Belted Cattle Association.—H. B. Richards. Easton, Pa., secretary.

Holstein-Friesian Association of America.—Frederick L. Houghton, Brattleboro,

Vt. , secretary.

Red Polled Cattle Club of America (incorporated).—J. McLain Smith, Dayton,
Ohio, secretary.

HORSE BREEDERS' ASSOCIATIONS.

American Association of Importers and Breeders of Belgian Draft Horses.—J. D.
Connor, jr., Wabash, ind., secretary.

American Breeders' Association of Jacks and Jennets.—J. W. Jones, Columbia,
Tenn., secretary.
American Cleveland Bay Breeders' Association.—R. P. Stericker, Janesville,

Wis., secretary.
American Clydesdale Association.—Alex. Galbraith, Janesville. Wis., secretary.

American Hackney Horse Society.—William Seward Webb, 51 East Forty-fourth
street. New York, N. Y., secretary.
American Percheron Horse Breeders' Association.—S. D. Thompson, Chicago,

111., secretary.
American Shetland Pony Club.—Mortimer Levering. Lafayette. Ind.. secretary.

American Shire Horse Breeders' Association.— Charles Burgess, Wenona, 111.,

secretary.
American Stud Book. Thoroughbred.—James E. Wheeler, 17;? Fifth avenue.

New Y<jrk, N. Y., rej^istrar.

' Under the provisions of paragraph 473 of the act of July 24, 1897, any animal
importeil s])ecially for breeding purposes shall bo admitted free, provided that no
such animal shall be admitted free unless pure bred, of a recognized breed, and
duly registered in the book of record established for that breed.
The Secretary of the Treasury, upon tho advice of tho Secretary of Agriculture,

issued, on August 19, 1898, regulations for tlie importation of animals under this

law. and designated the recognized breeds and the books of record established for

these breeds.
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American SuflEolk Punch Horse Association.—Ales. Galbraith, Janesville. Wis.,

secretary.
American Trotting Regi.stry Association.—J. H. Steiner, Room 1103, EJlsworth

Building, Soo Dearborn street, Chicago, 111., secretary.

French Coach Horse Society of America.—S. D. Thompson, Chicago, 111., secre-

tary.
German Coach Horse Association of America.—J. Crouch, Lafayette, Ind., sec-

retary.
National French Draft Horse Association.—C. E. Stubbs, Fairfield, Iowa, sec-

retary.
Select Clydesdale Horse Society of America.—Charles Irwin, Topeka, Kans., sec-

retary.
The Morgan Register.—Joseph Battell. Middlebury, Vt., editor.

The National Saddle Horse Breeders' Association.—I. B. Nail, Louisville, Ky.,
secretary'.

The Oldenburg Coach Horse Association of America.—C. E. Stubbs, Fairfield,

Iowa, secretary.

SHEEP BREEDERS' ASSOCIATIONS.

National Cheviot Sheep Society.—Howard H. Keim, Ladoga, Ind.. secretary.

American Cotswold Association.—George Harding. Waukesha, Wis., .secretary.

American Leicester Breeders' Association.—A. J. Temple. Cameron, 111., secre-

tary.
American Lincoln Breeders' Association.—L. C. Graham, Cameron, 111., secre-

tary.
American Merino Sheep Register.—A. H. Craig, Waukesha, Wis., secretary.

American Oxford-Down Sheep Association.—WT A. Shafor, Middletown, Ohio,
secretary.
American South-Down Association.—John G. Springer, Springfield, 111., secre-

tary.
American Shropshire Registry Association.—Mortimer Levering, Lafayette, Ind.

,

secretary.
American Rambouillet Sheep Breeders' Association.—E. V. Eurnham, Wood-

stock. Ohio, secretary.
American Suffolk Association.—George W. Franklin, Atlantic, Iowa, secretary.

Black Top Spanish Merino Sheep Breeders' Association.—R. P. Berry, Clokey,
Pa., secretary.
Delaine Merino Sheep Breeders' Association.—J. C. McNary, Houstonville, Pa.,

recording secretary; J. H. Hamilton, Canonsburg, Pa., corresponding secre-

tary.
Dickinson Merino Sheep Record Company.—H. G, McDowell, Canton, Ohio,

secretary.
Dorset Horn Sheep Breeders' Association of America.—M. A. Cooper, Washing-

ton. Pa., secretary.
Hampshire-Down Breeders' Association of America.—John I. Gordon, Mercer,

Pa., secretary.
Improved Black-Top Merino Sheep Breeders' Association.—L. M. Crothers,

Crothera. Pa., secretary.
Imi)roved Delaine Merino Sheep Breeders' Association.—R. B. Barber, Cedar-

ville, Ohio, secretary.
Michigan Merino Sheep Breeders' Association.—E. N. Ball, Hamburg, Mich.. 8l>c-

retary.
National Improved Saxony Sheep Breeders' Association.-John G. Clarke,

Lagonda, Pa., secretary.
National Lincoln Sheep Breeders' Association.—H. A. Daniells, Elva, Mich. .sec-

retary.
New York State American Merino Sheep Breeders' Association.—J. Horatio

Earll, Skaneatelos, N. Y. . secretary.
Ohio Si)ani8h ^lerino Sheep Breeders' Association.—F. C. Stanley, Edison, Ohio,

secretary.
Pennsylvania and Ohio Improved Delaine Merino Sheep Breeders' Association.—

S. M. Cleaver, East Bethlehem. Pa., secretary.
Standard Ajuorican Merino Register Association.—John P. Ray, Hemlock Lake,

N. Y., secretary.
Tho Continental Dorset Club.—J. E. Wing, Mechanicsburg, Ohio, secretary.
United States Merino Sheep Breeders' IleLristry Association.—J. A. B. Walker,

Enon Valley, Pa., .secretary.



LIVE STOCK BREEDERS ASSOCIATIONS. 615

Vermont Atwood Club Register.—George Hammond, Middlebury, Vt., secre-

tary.
Vermont Merino Sheep Breeders' Association.—L. H. Skiff, Middlebnry, Vt.,

secretary.

SWINE BREEDERS' ASSOCIATIONS.

American Berkshire Association.—Charles F. Mills, 513 East Monroe street,

Springfield, 111., secretary.
American Duroc-Jersey Swine Breeders' Association.—A. V. Bradrick, Conners-

ville. Ind., secretary.
American Essex Association.—F. M. Sront, McLean, 111., secretary.

American Small Yorkshife Club.—George W. Harris, 8400 Third avenue. New
York, N. Y., secretary.
Cheshire Swine Breeders' Association.—E. W. Davis, Oneida. N. Y., secretary.

Che.ster White Record Association.—W. H. Morris, Indianapolis. Ind., secretary.

American Chester White Record Association.—Carl Fieigau, Dayton, Ohio,
editor.
American Poland-China Record Company.—W. M. McFadden, West Liberty,

Iowa, secretary.
Central Poland-China Swine Association.—W. H. Morris, Indianapolis, Ind., sec-

retary.
Northwestern Poland-China Swine Association.—J. B. Besack, Washington,

Kans. , secretarj".

Ohio Poland-China Record Comj^any.-Carl Freigau, Dayton, Ohio, secretary.

Standard Poland-China Record Company.—Ira K. Alderman, Maryville, Mo.,
secretary.
Victoria Swine Breeders' Association.—H. Davis, Dyer, Ind., secretary.

Suffolk Swine Association.—W. F. Watson, Winchester, Ind., secretary.

National Duroc-Jersey Record Association,—Robert J. Evans. El Paso, Ill.,sec-

retarj'.

The American Tarnworth Swine Record Association.—Edwin O. Wood, Flint,

Mich., secretary.
The American Yorkshire Club.—William F. Wilcox, Benson, Minn., secretary.

ASSOCIATION OF BREEDERS OF DOGS.

American Kennel Club.—A. P. Vredenburg, 55 Liberty street. New York, N. Y.,

secretary.

POULTRY ASSOCIATIONS.

National and interstate organizations.

Name of association.
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POULTRY ASSOCIATIONS—Continued.

If^ational and interstate organizations—Continued.

Name of associfttion.

Sniiflowor Poultry Assooiation
Interstate Poultry Association
Bostou Poultry Association

Wolverine P. P. and P. S. Association
St. Louis Fanciers' Association
MidC'ontinental Poultry Association
St. Loui.s Poultry Association

Interstate Poultry A ssociation
Buffalo Poultry Association - -

Madison Square Garden (New York) Poultry
and Pig Associ.ation.

Northern Ohio Poultry and Pet Stock Asso
ciation.

Buckeye Poultry Association
Tri-State Poultry Association
Pittsburj^ Fanciers' Club

Piedmont Poultry Association
Nashville Poultry Association
Tacoma Poultry Association
Puget Sound Poultry Club

La Crosse Poultry Association

Secretary.

J.E.Turner
Jas. H. Hamilton ,

C.Miuot Weld. ..

Gus Williams
Edw. Gay Martfti.
F. M.Slutz
C.R. Crouse

R. Horrocks
E.C. Pease
H.V.Crawford

F. R. Hunt

Geo. B.Wetzel
J.A.Mcintosh .

A. P. Robinson.

B. W. Gctsinger
J. M. Hopkins
Stephen Holljrooke.
J.R.Waltshaw

E.H. Hoffman

Post-oflBce.

Kansas City, Kans.
Arkansas City, Kans.
l;jl Devonshn-e St.,

Boston, Mass.
Bay City. Mich.
St. Louis, Mo.
Kansas City. Mo.
Jefferson Barracks,
Mo.

Falls Citv, Nebr.
Buffalo, N.Y.
Montclair, N. J.

Cleveland, Ohio.

Dayton. Ohio.
East Livernool, Ohio.
110 Second avenue,

Pitt.sburg. Pa,
Spartanburg,', S. C.
Nashville. Tenn.
Tacoma, Wash.
Room 21X1, Burke
Building, Seattle,
Wash.

La Crosse, Wis.

Secretaries of State poultry associations.

State.

Arizona
Arkansas
California
Colorado

Connecticut
District of Columbia

.

Georgia
Illinois
Indiana
Iowa
Kan.sas
Kentucky
Michigan
Minnesota

Missouri
Nebra.ska
New ,Iers<!y

New Mexico
New York
North Carolina
Oklahoma
Oregon
Rhode Island
Tennes.sco
Texa-s
"Vermont
Virginia

Secretary.

E. A. Starr
W. H. Westbrook...
W. E. Ladd
C. A. Watson

G. P. Mcrritt
Geo. E. Howard
J. W. Killingsworth
S.S.Noble
Major Griffin
J. M. Scurr
D.A.Wise
.T. R. Mount
Fr.-xnk W. McKenzie
F. X. Marzolf

Henry Steinmesch. -

I. L. Ijyman
C. W. .lohnson
L. W. Roberts
J. B. Docharty
F. E. Hege
J. D. Lafferty
G. F. Hunt
H. .S. Babcock
M. P. Andes
R. A. Caruthers
F. H. Ranney
R.J.N. Rcid

Post-ofHce.

Phenis.
Little Rock.
Stockton.
Denver (144 Lincoln
avenue).

Hartford.
Washington.
Augusta.
Blooniington.
Indianapolis.
Creston.
Topeka.
La Grange.
Concord.
St. Paul ( I2!d Lincoln
avenue).

Sutter.
Lincoln.
Cranford.
Albuquerque.
Albany.
Ral.'igh.
Guthrie.
Portland.
Providence.
Bristol.
Waco.
St. Johnsbury.
Hamilton.

STATE VETERINARIANS AND SECRETARIES OF SANITARY
BOARDS.

AL.Vl'.AM.V.

Dr. .Teronie ('ochran, Moiitifonffry, .secretary Stiito lioard of health.

ARIZONA.

TT. Ilarriaon, Plieni.-v, sorretaiy livo stock saiiitary conunis.sion.

Dr. J. C. Norton. I'henix, veteriuurian.
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CALIFORNIA.

Dr. J. R. Laine. Sacramento, secretary State board of health.
Dr. R. A. Archibald, (Jakland, veterinarian to city and county board of health.

COLOKADO.

William H. Adams, Alamosa (office Denver), secretary State live stock board of
inspection.

Dr. Henry Sewall, 23 Eighteenth avenue, Denver, secretary State board of health.
Dr. Charles Gresswell, Denver, State veterinary surgeon,

CONNECTICUT.

Dr. C. A. Lindsley, New Haven, secretary State board of health.
George L. Fosket, Winsted, secretary of commissioners on diseases of domestic

animals.
DELAWARE.

Dr. E. B. Frazer, Wilmington, secretary State board of health.

FLORIDA.

Dr. Joseph Y. Porter, Key West, secretary State board of health.

ILLINOIS.

Dr. J. W. Scott, Springfield, secretary State board of health.
Dr. C. P. Lovejoy, Princeton, State veterinarian.
C. P. Johnson, Springfield, secretary board of live stock commissioners.

Dr. J. N. Hurty, Indianapolis, secretary State board of health.
Dr. F. A. Bolser, Newcastle, State veterinarian.
Mortimer Levering, Lafayette, secretary State live stock sanitary commission.

IOWA.

Dr. .J. I. Gibson, Denison. State veterinary surgeon.
Dr. J. F. Kennedy, Des Moines, secretary State board of health.

KANSAS.

Dr. H. Z. Giil, Topeka, secretary State board of health.
Taylor Riddle, Marion, secretary live stock sanitary commission.

KENTUCKY.

Dr. J. N. McCormack, Bowling Green, secretary State board of health.
Dr. F. T. Eisenman, Louisville, State veterinarian.
A. G. Herr, St. Matthews, cattle commissioner.

LOUISIANA.

Dr. Will R. Harman, New Orleans, secretary State board of health.

MAINE.

Dr. A. G. Young, Augusta, secretary State board of health.
Dr. George H. Bailey. Deering, State veterinarian.
John M. Deering, Saco, and F. O. Beal, Bangor, cattle commissioners.

MARYLAND.

Dr. John S. Fulton, 10 South street, Baltimore, secretary State board of health.
Dr. A. W. Clements, 916 Cathedral street, Baltimore, State veterinarian.
C. W. Melville, Westminster, secretary live-stock sanitary board.

MASSACHUSETTS.

Dr. Samuel W. Abbott, Boston, secretary State board of health.
Dr. Austin Peters, Boston (Commonwealth Building), president cattle commis-

sioners.
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MICHIGAN.

Dr. Henrj' B. Baker, Lansing, secretary State board of health.

Dr. George W. Dunphy, Quincy, Stut« veterinarian.

Henry H. Hinds, Stanton, president State live stock sanitary commission.

MINNESOTA.

Dr. M. H. Reynolds, St. Anthonys Park, director veterinary department of

State board of health.

Dr. H. M. Bracken, St, Paul (Pioneer Press Building), secretary State board of

health.

MISSISSIPPI.

Dr. John F. Hunter, Jackson, secretary State board of health.

Dr. J. C. Robert, Agricultural College, professor of veterinary science.

MISSOURI.

Dr. Willis P. King, Kansas City (Fountain place), secretary State board of

health.
Dr. T. E. White. Sedalia, State veterinarian.

J. R. Rippey, Columbia, secretary State lx)ard of agriculture.

MONTANA.

Dr. ]M. E. Knowles, Helena, State veterinarian.

NEBRASKA.

H. R. Corbet, Lincoln, secretary State board of health.

Robert W. Furnas, Brownville, secretary State board of agriculttire.

NEVADA.

Dr. J. A. Lewis, Reno, secretary State board of health.

NEW HAMPSHIRE.

Dr. Irving A. Watson, Concord, secretary State board of health.

N. J. Bachelder, Concord, secretary board of cattle commissioners.

NEW JERSEY.

Dr. Henry Mitchell, Trenton, secretary State board of health.

Franklin Dye, Trenton, secretary tuberculosis commission.

NEW MEXICO.

Dr. J. M. Cunningham. East Las Vegas, secretary State board of health.

J. H. LaRue, East Las Vegas, secretary cattle sanitary board.

NEW YORK.

Dr. Baxter T. Smelzer, Albany, secretary board of health.

F. W. Smith, 700 Sonth West street, Syracuse, secretary tuberculosis committee.

NORTH CARoI.INA.

Dr. Richard H. Lewis, Raleigh, secretary iioanl of liralth.

NORTH IWKOTA.

Dr. W. C. Langdon, Fargo, chief State veterinarian.

Dr. John Montgomery, Ardoch, secretary board of ho.ilth.
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OHIO.

Dr. C. O, Probst, Columbus, secretary board of health.

Dr. H. J. Detmers, Columbus, veterinary .surgeon. State University.

Dr. D. N. Kinsman, Columbus, secretary live-stock commission.

OKLAHOMA.

Dr. C. D. Arnold, Kingfisher, superintendent board of health.

R. J. Edward, Oklahoma City, secretary live-stock sanitary commission.

OREGON.

Dr. William McLean, Portland, State veterinarian.

PENNSYLVANIA.

Dr. Benjamin Lee, 1532 Pine street. Philadelphia, secretary State board of health.

Dr. Leonard Pearson, -3008 Pine street, Philadelphia, State veterinarian.

RHODE ISLAND.

Dr. Arthur L. Parker, Providence, veterinarian to State board of health.
Dr. Gardner T. Swarts, Providence, secretary State board of health.

SOUTH CAROLINA.

Dr. James Evans, Florence, secretary board of health.
Dr. W. E. A. Wyman, Clemson College, State veterinarian.

SOUTH DAKOTA.

J. L. Harris, Webster, secretary board of health.
Dr. J. W. Ellicott, Aberdeen, State veterinarian.

TENNESSEE.

Dr. J. A. Albright, Somerville, secretary State board of health.
Dr. J. W. Scheiber, Memphis, State veterinarian.

TEXAS.

Dr. R. M. Swearingen. Austin, State health officer.

Robert J. Kleberg, Corpiis Christi, secretary live-stock sanitary commission.

VERMONT.

Dr. J. H. Hamilton, Richford, secretary board of health.

C. J. Bell, East Hardwick, secretary cattle commission.

Dr. Paulus A. Irving, Richmond, secretary board of health.
Dr. E. P. Niles, Blacksburg, State veterinarian.

WASHINGTON.

Dr. Elmer E. Heg. North Yakima, secretary board of health.
Dr. S. B. Nelson, Pullman, veterinarian agricultural experiment station.

WEST VIRGINIA.

Dr. A. R. Barbae, Point Pleasant, secretary State board of health.
D. ]\L Sullivan, Charleston, secretary board of agriculture.

WISCONSIN.

Dr. H. P. Clute, Milton, State veterinarian.
Dr. U. O. B. Wingate, Milwaukee, secretary board of health.

WVOMINi;.

Dr. A. A. Holcombc, Cheyenne, State veterinarian.
George East, of board of live-stock commissioners.
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NATIONAL LEAGUE FOR GOOD ROADS.

States and Territories. Committeemen. Post-office.

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connt'cticut
Delaware
District of Columbia .

Florida
Georgia
Idaho
Dlinois

Do..
Indiana
Iowa .--

Kansa-s
Kentncky
Louisiana
Maine
Slarj-land
Mas.sachusett.s . . -

Michigan
Minnesota
Mississi^)])!
Missouri
Montana
Nebraska
Nevada
New Hampshire

.

New Jersey

New Mexico
New "York
North Carolina
North Dakota ..

Ohio
Oklahoma
Oregon
Pennsylvania..
Rhole Island...
Soil til Carolina

.

South Dakota
Tennessee
Texas
Vermont
Virginia
Wnsliington—
Wisconsin
Wyoming

Maj.W.W. Screws
Governor John G. Brady
Governor L. C. Hughes
G. W. Sappington
J. A. Woodson.:
Louis G. Carpenter
Col.Chas. L. Burdett
William Cooch
Gen. Roy Stone, acting president of leagne ..

J.W.White
Col.G. W. Harrison
James Mullany
S. T. K. Prime, general western secretary of
league.

W.C.Garrard
Mason J.Niblack
E. H. Thayer, chairman conference com-
mittee.

F. D. Coburn
Maj M.H. Crump
Guy Samuels -.

F.J.Ilsley -

D.C.Wharton Smith
George A. Perkins
W.L.Webber
A.B. Choate
Capt. James H.Duke
John R.Rippey
F.H.Ray
Hon. E. Rosewatcr -

Gen. John E.Jones
Ex-Governor David H.Goodell
E. G. Harrison, general eastern secretary of
league.

E.S Stover
J. A. C.Wright
John C.Tipton
W.W.Barrett
Hon. Martin Dodge
A.N. Spencer
Jefferson Myers
Wm. H. Rhawn, treasurer of league
C.H. Handy
W.D.Evans
O. S. Basford
Maj . C. A . Locke
J. S. Dougherty
J. W.Votey
Thomas Whitehead
J. Hannum Jones
Otto Dorner, general press agent of league .

C.P.Hill

Montgomery.
Sitka.
Tucson.
Little Rock.
Sacramento.
Fort Collins.
Hartford.
Newark.
Washington.
Jacksonville.
Atlanta.
Glenns Ferry.
Dwight.

Springfield.
Vincennes.
Clinton.

Topeka.
Bowling Green.
Baton Rouge.
Portland.
Darlington.
Boston.
Saginaw. East Side.
Minneapolis.
Scool >a.

Columbia.
Helena.
Omaha.
Carson City.
Antrim.
Asbury Park.

Albuquerque.
Rochester.
Shell >y.

Churches Ferry.
Cleveland.
Yukon.
Salem.
Philadelphia.
Warren.
Bennettsville.
Redfleld.
Nashville.
Dallas.
Burlingtim.
Richmond.
Nooksiick.
Milwaukee.
Cheyenne.

STATES HAVING OFFICES FOR FOREST WORK.

Kansas.—Forost coiinnissioner, E. D. Wheolor, Op^alhih.

Maine.— Forest coniinissioTier. Charlrs E. Oak. Aut,Misla.

Minnesota.— Fire warden, Gen. C. C. Andiews, St. Paul.

New H.uniishire.—Forest commission. Georj^.' H. Moses, se -retary. Concord.
New Jersey. -Qoological survey. Prof. John (\ Smock, director. Trenton.

New York.—Fisheries. f,'ame. and forest commission. Col. William F. Fo.x. super-

intendent. Albany.
North Canilina.—Geological sxirvey. Prof. J. A. Holmes, director, Chapelhill.

Pennsylvania.— Division of forestry, department of agriculture, Dr. J. T. Roth-

rock, chief. Harrisburg.
Wisconsin.— Forest commission, Ernest Brtincken. secretary. Milwaukee.
VVest Virginia.—Geolog c ami economic survey, superintendent, Dr. L C. White,

Morgantown.
FORESTRY ASSOCIATIONS.

American Forestry As.sociation.— President. James Wilson. Secretary of Agri-

culture: secretarv, F. H. Newell. United States (ieo'ogic.il Survey.
Colorado Fnrestry Association.—President. W. N. liyera. Denver; secretary,

D. VV. Wobriug, Denver.
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Connecticut Forestry Association.—Presiclent, Maj. Edward V. Preston, Trav-
elers' Insurance Company, Hartford; secretary (corresponding), Mihs Mary Wins-
low, Weatogue.
Indiana Forestry Association.—President. .Tolin P. Brown. Connersville.
Massachusetts Forestry Association.—President, Henry P. Walcott, Cambridge;

secretary, Allen Chamberlain, Winchester.
Minnesota State Forestry Association.—President, W. W. Prendergast, Hutchin-

son; secretary, George W. Strand, Taylors Falls.

New Jersey, Forestry Association of.—President, S. Bayard Dod, Hoboken. sec-
retary-treasurer, J. F. Hall. Atlantic City.

New York Forestry Association.—President, Morris K. Jesup, New York City;
secretary, .

North Carolina Forestry Association.—President, W. E. Petty, Seaboard Air
Line; secretary, W. W. Ashe, Chapel Hill.

Pennsylvania Forestry Association.—President, John Birkinbine, 1013 Walnut
street, Philadelphia; secretary, Dr. Joseph T. Rothrock, commissioner of forestry,
Harrisbtirg; corresponding secretary, Mrs. John P. Lundy, 345 South Eighteenth
street, Philadelphia.
Utah Forestry Association.—President, Dr. J. R. Park; secretarv, Prof. C. A.

Whiting, Salt Lake City.

Washington Forestry Association.—President, Edmond S. Meany; secretary,
Albert Bryan.
California Society for Conserving the Waters and Forests.—President, Hon. J. M.

Gleaves; secretary, E. H. Benjamin.
Chester County, S. C, The Forestry Association of.—President, Judge J. J.

McClure; secretary and treasurer, Prof. H. A. Green.
Kansas State Horticultural Society.—President, Hon. Fred.Wellhouse, Topeka;

secretary, William H. Barnes, statehouse, ground floor, north wing, Topeka.
Mazamas, The.—President, W. G. Steel, Portland, Oreg.; secretary, Frank E,

Donaldson, 264 Stark street, Portland.
Minnesota State Horticultural Society.—President, W. W. Prendergast, Lake

City; secretary, A. W. Latham, 207 Kasota Block, Minneapolis.
Sierra Club.—President, John Muir, Martinez, Cal.; secretary (corresponding),

Prof. W.R. Dudley,

OFFICERS OF HORTICULTURAL AND KINDRED SOCIETIES.

AMERICAiSr ASSOCIATION OF NURSERYMEN, 1899.

President, A. L. Brooke, North Topeka, Kans. ; vice-president, E. Albertson,
Bridgeport, Ind, ; secretary, George C. Seager, Rochester, N. Y.; treasurer, C. L.
Yates, Rochester, N. Y.

AMERICAN CARNATION SOCIETY, 1898.

President, William Nicholson, Framingham, Mass.; vice-president, William P.
Craig, Philadelphia, Pa.; secretary, Albert M. Herr, Lancaster, Pa.; treasurer,
Fred Dorner, jr., Lafayette, Ind,

AMERICAN CRANBERRY GROWERS' ASSOCIATION, 1899.

President, E. H. Durell. W^oodbury. N. J.; vice-president, C. L. Holman, Lake-
wood, N. J.; secretary and treasurer, A. J. Rider, Trenton, N. J.

AMERICAN POMOLOGICAL SOCIETY, 1898-99.

President, C. L. W^atrous, Des Moines. Iowa; secretarj', William A. Taylor, 55
Q street NE., Washington, D. C; treasurer, L. R. Taft, Agricultural College,
Michigan.

CHRYSANTHEMUM SOCIETY OP AMERICA, 1899.

President, Elijah A. Wood, West Newton, Mass.: vice-president, E. G. Hiil,
Richmond, Ind.; secretary, Elmer D. Smith, Adrian, Mich.; treasurer, John N.
May, Summit, N. J.

CIDER AND CIDER VINE.^AR ASSOCIATION OF THE N(^RTHWEST, Itm.

President. F. C. Johnson, Kishwaukee, 111.; vice-president. Charles C. Bell,
Boonvillo, Mo.: secretary and treasurer, George Miltenberger, No. 2i;}, North
Second street, St. Louis, Mo.
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EASTERN XURSERYMEN'B ASSOCIATION, 1S98 AND 1899.

President, W. C. Barry, Rochester, N. Y.; vice-president, R. G. Chase, Geneva,
N. Y.; secretary and treasurer, William Pitkin, Rochester, N. Y.

MISSOURI VALLEY HORTICULTURAL SOCIETY, 1S90.

President, Homer Reed, Tenth and Broadway, Kansas City, Mo. ; vice-president,
Clarence V. Holsinger, Rosedale. Kans. ; secretary, Clarence A. Chandler, Argen-
tine, Kans. ; treasurer, G. F. Espeulaub, Rosedale, Kans.

NORTHWEST FRUIT GROWERS' ASSOCIATION, 1899.

President. Dr. N. G. Blalock, Wallawalla, Wash.; vice presidents, C. A. Porter,
Lcwiston, Idaho; E. L. Smith, Hood River. Oreg. ; Frank L. Wheeler, Y'akima,
Wash.: secretarv, C. A. Tonnesou, 110 Twelfth street, Tacoma, Wash.; treasurer,

W. S. Oli'ner, Wallawalla, Wash.

PENINSULA HORTICULTURAL SOCIETY, 1809.

President, R. S. Emory. Chestertown, Md. ; vice-president, Joseph E. Carter,
Smyrna, Del.; secretary-treasurer, Wesley Webb. Dover. Del.

SOCIETY OF AMERICAN FLORISTS AND ORNAMENTAL HORTICULTURISTS, 189o.

Pre.sident, W. N. Rudd, Chicago, 111.; vice-president, Philip Breitmyer, Detroit,
Mich.; secretary, William J. Stewart, Boston, Mass.; treasurer, H. N. Beatty,
Oil City, Pa.

STATE SOCIETIES.

Arkansas State Horticultural Society, 1890.— President Frank Hill, Little Rock;
vice-president, A. W. Poole, Ozark: secretary, J, T. Stin.scn, Fayetteville; treas-
urer, S. A. Williams, Fort Smith.

California State Floral Society, 1S99.—President, E. J. Wickson, Berkeley; secre-
tary, Emory E. Smith, Palo Alto.
Pomological Society of Southern California, 1898.—President, Abbot Kinney,

Los Angeles: vice-president, D. Edson Smith, Santa Ana; secretary and treasurer,
G. H. A. Goodwin, Los Angeles.

Connecticiit Pomological Society, 1898.—President, J. H. Hale, South Glaston-
bury: vice-president. J. H. Merriman, New Britain; secretary, H. C. C. Miles, Mil-
ford: treasurer, R. A. Moore, Kensington.
Florida State Horticultural Society, 1898-99.—President, G. L. Taber, Glen St.

Mary; secretary, Stephen Powers, Jacksonville; treasurer, W. S. Hart. Hawks
Park.
Georgia State Horticultural Society, 1898-99.—Pre.sident, P. J. Berckmans,

Augusta; vice-])resident, First district, G. M. Ryals, Savannah; secretary, G. H.
Miller. Rome; treasurer, Louis E. Berckmans, Augusta.
Idaho State Horticultural Society, 1898-99.— President, A. McPherson, Boise;

vice-itresident. Robert Schleicher, Lewiston; secretary, Robert MilliUen, Nampa;
trea.surer, R. M. Gwinn, Caldwell.

Illin )is State Horticultural Society, 1898-99.—President, Henry M. Dnnlap,
Savoy; vice-president, II. A. Aldrich, Neoga: secretary, L. R. Bryant, Princeton;
treasurer, I. W. Stanton. Richview.

Horticultural Society of Northern Illinois, 1899.—President, J. L. Hartwell,
Di.xon; vice-president, O. W. Barnard, Manteno; secretary, A. W. Bryant, Prince-
toTi; tn'asui'er, L. Woodard, Marengo.

Horticultural Society of Southern Illinois, 1899.—President. J. W. Stanton,
Richview; vico-i)re3idcnt, N. L. Beal, Mount Vei'non; secretary and trpa.surer,
E. G. Mendenhall. Kinmnndy.

iiKliana State Horticultural Society, 1S98-99.—President. C. M. Hobbs, Bridge-
port: secretary, .Tames Troop, Lafayette: treasurer, Sylvester Johnson, Irvingtou.
Iowa State Horticultural Society. lS!»8-9t>.— President. Charles F. Gardner.

Osage: vice-president, M. J. Wragg, Waukee; secretary, George H. Van Houten,
Dea Moines; treasurer, W. M. Boiiil)ercrpr, Harlan.
Northeastern Iowa Horticultur.il Society, 1899.— Pre.sident. Charles F. Gardner.

0.sage: vice-president, Elmer Reeves, Waverly: secretary, Charles H. True, Edge-
wood; treasurer, G. A. Ivins, Iowa Falls.
Northwestern lo-.va Horticultural Society. 1899.—Pre.sident. ]\r. E. Hinkley,

Marcus; vice-president. C W. Connor. .Sac City; treasurer, Ben Shoultz, Correc-
tionville; secretary. W. B. Chai)man, Washta.

'
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Southeastern Iowa Horticultural Society, 18.')!).— President, W. S. Fultz, Mus-
catine; vice-president. W. T. Richey, Albia; secretary, C. W. Burton, Cedar
Rapids; treasurer, Wesley Greene, Davoni^ort.
Southwestern Iowa Horticultural Society. 1898-99.—President, D. W. Lotspeech,

Woodbine; vice-president, J. P. Jackson, Glenwood; secretary, W. M. Bomberger,
Harlan; treasux'er, I. M. Needles, Atlantic.
Kausas State Horticultural Society, 1898.—President, Fred Wellhouso, Topeka;

vice-president, J. W. Robison, Eldorado; secretary, William H. Barnes, Topeka;
treasurer, Frank Holsinger, liosedale.

Kentucky State Horticultural Society.—President, jM. F. Johnson, Fern Creek;
secretary, J. A. Hawes, Fern Creek.
Maine State Pomological Society, 1899.—President, W. M. Munson, Orono: sec-

retary, Elijah Cook, Vassalboro; treasurer, Charles S. Pope, Manchester.
Maryland State Horticultural Society, 1899.—President, James S. Harris. Cole-

man; vice-president, S. B. Loose, Hagerstown; secretary and treasurer, W. G.
Johnson, College Park.
Horticultural Association of Western Marj-land, 1898.—President, William D.

Hughes. Smithsburg; vice-president, J. Pearson Loose, Hagerstown; secretary,
Arthur Towson, Smithsburg; treasurer, Samuel Welty, Edgemont.
Massachusetts Fruit Growers' Association, 1898.—President, George Cruick-

shanks, Fitchburg; vice-president, John \Y. Clark, North Hadley; secretary,

S. T. Maynard, Amherst; treasurer, Ethan Brooke, West Si^ringfield.

Massachusetts Horticultural Society, 1898-99.—President, Francis H. Appleton,
Boston; vice-president, Charles H. B. Breck, Boston; secretary, Robert Manning,
101 Tremont street, Boston; treasurer, Chai'les E. Richardson, 101 Tremont street,

Boston.
Cape Cod Cranberry Growers' Association, 1899.—President, Emulus Small,

Harwick Port; vice-president, Luther Hall, Dennis; secretary and treasurer,
Franklin Crocker, Hyannis.
Michigan State Horticultural Society, 1899.—President, C. J. Monroe, South

Haven; vice-president, R. D. Graham, Grand Rapids; secretary, Edwy C. Reid,
Allegan; treasurer. Asa W. Slaj'ton, Grand Rapids.
West Michigan Horticultural Society, 1898.—President, Walter Phillips, Grand

Haven; vice-president, N. P. Huslel, Lowell; secretary, C. A. French, Grand
Rapids; treasurer, A. Hamilton, Bangor.
Minnesota State Horticultural Society, 1899.—President, W. W. Prendergast,

Hutchison; vice-president, F. W. Kimball, Austin; secretary, A. W. Latham,
207 Kasota Block, Minneapolis; treasurer, C. W. Sampson, Eureka.
Southern Minnesota Horticultural Society, 1898-99.—President, J. C. Hawkins,

Austin; vice-president, Jonathan Freeman, Austin; secretary and treasurer,
Roberts Park hill, Chatfield.
Missouri State Horticultural Society, 1898-99.—President, N. F. Murray, Ore-

gon; vice-president, D. A. Robnett, Columbia; secretary, L. A. Goodman, West-
port; treasurer, A. Nelson, Lebanon.
Central Missouri Horticultural Association.—President, R. L. Moore, Boon-

ville; vice-president, D. Edwards, Boonville; secretary, C. C. Bell, Boonville;
treasurer, W. A. Smiley. Boonville.
South Missouri Horticultural Association, 1899.—President, D. J. Nichols, West

Plains; secretary and treasurer. J. T. Snodgrass. West Plains.
Montana State Horticiiltural Society, 1S98.—President, S. M. Emery, Bozeman;

secretary, C. H. Edwards, Missoula; treasurer, A. Hollensteiner, Lolo.
Nebraska State Horticultural Society, 1898-99.—President, George H. Marshall,

Arlington; vice-president, J. H. Hadkinson, Omaha; secretary, C. H. Baraard,
Table Rock: treasurer, Peter Youngers, jr., Geneva.
New Hampsliire Horticultural Society, 1899.—President. C. C. Shaw, Milford;

vice-president, J. "W. Farr, Littleton; secretary, W. D. Baker, Quincy; treasurer,
T. E. Hunt, Lakeport.
New Jersey State Horticultural Society. 1898-90.—President. S. B. Ketcham.

Pennington; vice-president, David Baird, tjaird; secretary, Henry I. Budd, Mount
Holly; treasurer. Charles L. Jones, Newark.
New Mexico Horticultural Society, 1898-99.—President, L. Bradford Prince,

Santa Fe; vice-i»resident, W. S. Harroun, Santa Fe; secretary, Jose D. Sena,
Santa Fe; treasurer, Soloman Spiegelberg, Santa Fe.
Eastern New York Horticultural Societj', 1898.—President, James Wood, Mount

Kisco; vice-president, W. F. Taber, Poughkeepsie; secretary and treasurer, E.
Van Alstyne, Kinderhook.
Western New York Horticultural Society, 1898-99.-President, W. C. Barry.

Rochester; vice-president, S. D. Willard, Geneva; secretary and treasurer, John
Hall, Rochester.
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North Carolina State Horticultural Society, 1898-99.—President, J. Van Lind-
ley. Pomona: secretarj' and treasurer, Thomas L. Brown, Greensboro.
Ohio State Horticultural Society. 1898-99.—President. E. H. Cushman, Euclid;

vice-president. W. N. Scarff. New Carlisle; secretary, W. W. Farnsworth, Water-
ville: treasurer, N. Ohmer, Dayton.
Oklnhoma Aj^ricultural, Horticultural, and Irrigation Association.—President,

C. A. McNabb, Oklahoma City: vice-president, H. C. St. Clair, Kingfisher; secre-

tary-treasurer, W. T. Little. Norman.
Oregon State Horticiiltural Society, 1899.—President, H. B. Miller, Eugene;

vice-president, L. T. Reynods. Salem: secretary and treasurer, E. R. Lake,
Corvallis.
Pennsylvania Stat'^ Horticultural Association, 1898-99,—President, S. B. Heiges,

York: secretary, Cyrus T. Fox. Reading.
Pennsylvania Horticultural Society, 1M99.—President, James M. Rhodes, Phila-

delphia; vice-president, Robert Craig, Philadelphia: secretary, David Rust, Hor-
ticultural Hall, Philadelphia; treasurer, William F. Dreer, Philadelphia.
Rhode Island Horticultural Society, 1898.—President. Levi W. Russell, Provi-

dence; vice-president, R. H. I. Goddard, Providence; secretary and treasurer,

Charles W. Smith, 61 Westminster street. Providence.
South Dakota State Horticultural Society, 1899.— President, H. C. Warner, For-

estburg; vice-president, C. W. Gurney, Yankton; secretary, N. E. Hansen, Brook-
ings: treasurer, G. H. Whiting, Yankton.
East Tennessee Horticultural Society, 1899.—President, J. R. Stradley, Hiwas-

see College: vice-president, H. Lightfoot, Jersey; secretary and treasurer, Paul F.
Kefauver, Madisonville,
West Tennessee Horticultural Society, 1898.—President, J. W. Rosamon, Gads-

den: secretary and treasurer. L. C. James, Gibson.
Texas State Horticultural Society, 1898-99.—President, C. Falkner. Waco: vice-

president, F. W. Malley, Hulen; secretary, E. L. Huffman, Fort Worth; treasurer,

D. O. Lively, Fort Worth.
Vermont Horticultural Society, 1898. —President, T. L. Kinney, South Hero;

secretary and treasurer, F. A. Waugh, Burlington.
Virginia State Horticultural Society, 1N98-'.)9.—President, Samuel B. Woods,

Charlottesville; vice-president, W. H. Boaz, Covesville; secretary-treasurer,

George E. Murrell, Colemans Falls.

West Virginia State Horticultural Society, 1898-99.—President, R. C. Burkhart,
Martinsburg: vice-president, J. H. Crawford, Organ Cave; secretary, L. C. Cor-
bett. Morgantown.
Wisconsin State Horticultural Society, 1898.—President. L. G. Kellogg, Ripon;

vice-president, Franklin Johnson, Baraboo; secretary, A. J. Philips, West Salem;
treasurer, R. J. Coe, Fort Atkinson.
Wisconsin State Cranberry Growers' Association, 1899.—President. Charles

Briers, Grand Rapids; vice-president, S. M. Whittlesey, Cranmoor; treasurer,

Melvin Potter, Centralia.

PATRONS OF HUSBANDRY.

N ATK t.NAL «H'KKKKS.

Master. Aaron Jones, South Bend. Ind.: overseer, O. H. Hale, North Stock-
holm. N. Y. : lecturer. Alpha Messer, Roche.ster, Vt. : treasurer, Mrs. E. S.

McDowell, Columlius, Ohio; secretary, John Trimble. No. 51 I F street NW.,
Washington, D. C. ; executive committee. N. J. l^atchwUlnr, Concord, N. II.;

J. J. Woodman, Paw Paw, Mich.; S. H. Messick, Bridgeville, Del.; ex officio,

Aarou Jones, South Bend, Ind.
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NATIONAL FARMERS' ALLIANCE.

President, Edward Fnrnas, Nevada, Iowa: vice-presidents, E. J. Bye, West
Branch, Iowa; F. E. Fitch, Bellevne, Ohio; William Toole, Barahoo, Wis.; T. J.
Meighen, Forestvillo, Minn.; A. S. Brewer, Tampiro. III.; W. A. Kelsey, Dnnfee,
Ind.; J. W. Arrasmith. Colfax, Wash.; T. Bedard, Frenchtown, Mont.; J. Bnr-
row.s, Lincoln, Nebr. ; secretary and treasurer, August Post, Moalton, Iowa: lec-

turer, George E. Lawrence, Marion, Ohio.

FARMERS' NATIONAL CONGRESS.

President, Hon. W. D. Hoard. Fort Atkinson, Wis.; secretary, John Stabl, No.
4328 Langley avenue, Chicago, 111.

REVIEW OF WEATHER AND CROP CONDITIONS, SEASON OF 1898.

January averaged mild in all districts east of the Rocky Mountain.s with the
exception of northern New England, where it was somewhat colder than usual.
In the Ohio, Mississippi, and Missouri valleys the month was exceptionally mild,
the average temperature excess amounting to 1~)' in the Dakotas and western
Minnesota. It was colder than usual over the central and southern Rockj- Moun-
tain districts and in California. This montli was characterized by exceptionally
light precipitation in the Pacific coast districts and in the South Atlantic and
East Grulf States, while over the Lower Mississippi and Ohio valle\-s and New
England the precipitation was much greater than usual.
February was mild throughout the country except .southward of the Ohio River

and eastward of the Mississippi River, where it was much colder than usual, the
month being decidedly mild over the eastern Rocky Mountain slope and in the
Missouri and Red River of the North valleys. There was somewhat more precipi-
tation than occurred in January in the Pacific coast districts, but in Oregon and
California there was a marked deficiency as compared with the February average,
which intensified the drought conditions prevailing over the gi-eater part of Cali-
fornia. February was also exceptionally dry in the centred Mis-sissippi and Ohio
valleys, and generally throughout the Middle and South Atlantic and East Gulf
States, with more than the usual amount of rain over the greater part of the Lake
region, on the central Gulf coast, and in portions of the North Pacific coast region.
East of the Rocky Mountains JMarch averaged mild, with temperatures ranging

from '3' to ^2' per day above normal, the gi'eatest excess occurring in the lower
Lake region, while to the westward of the Rocky Mountains the month was unusu-
ally cold, the avei-ago daily deficiency in temperature ranging from 3 to 9'.

Throughout the Pacific coast region this mouth was exceptionally dry, and at its

close the seasonal deficiency in portions of California was unprecedented. There
was also a marked deficiency in the monthl}' precipitation in the East Gulf States
and generally throughout the Atlantic coast districts, but in the lower Lake
region, Ohio, central Mississippi, and Lower Missouri valleys the precipitation
was unn.sually heavy.
Upon the whole, the weather conditions duiing March were favorable to agri-

cultural interests. At the close of the month farm work was exceptionally well
advanced for the season in the Atlantic coast and Gulf States, though retarded
by excessive rains in the Ohio and central Mississippi valleys and Lake region.
Winter wheat made rapid growth and generally was reported in excellent condi-
tion. Sijring-wheat seeding was well advanced in Nebraska and Iowa and some
had been sown in the southern portions of Wisconsin, Minnesota, and South
Dakota. In California the outlook for wheat was very unpromising, except in
irrigated districts. No Corn had been planted northward of Tennessee, but a
large part of the crop had been planted in the Gulf States, where early planted
was up, with goodstaiids. In Texas corn sustained .some injury as a result of low
temi^eratures during the latter part of March. Some cotton had been jjlauted over
the southern portion of the cotton belt, and jireparatious for planting were well
advanced over the central and northern portions.

SUMMARY OF THE SEASON, BY WEEKS.

By week's ending with Monday, from April 11 to September 2G, the crop condi-
tions may be summarized as follows:
April J J.—The weather conditions of this week wore very unfavorable fc^r farm-

ing operations, germination of seed, and growth of vegetation. Freezing tem-
peratures occurred as far south as the northern portions of the Gulf States and
the North Carolina coast, with damaging frosts generally throughout the (iulf
States and light frosts as far south as central Florida. The conditions were espe-
cially unfavorable for early planted corn in the Southern States, and in North
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Carolina, Georgia, and Arkansas some was killed by frost. In Alabama and
Missiflsipiii nearly the whole corn crop was planted, but growth of the early

planted was checked by low temperatures. In Nebraska, Kansas, Iowa, Illinois,

Indiana, and Ohio, plowing for corn progressed favorably, but in Missouri little

progress was made. Winter wheat in the Atlantic coast and East Gulf States,

Tenuf-ssee, Missouri, and Kansas was generally in excellent condition, and, while

but sliglit growth was made in Illinois, the crop in that State was in tlirilty con-

dition. Cold weather affected tlie wlieat crop unfavorably in West Virginia,

Ohio, Michigan. Nebraska, and Washington. In Oregon the outlook for wheat
was excellent, but in California drought injured the crop beyond recovery in

many sections, but where irrigated it did well. Spring-wheat seeding was nearly

completed in Nebraska. Iowa, and in the southern portion of South Dakota, and
was well advanced in central South Dakota and southern Minnesota. Seeding
bad begun in the northern portion of South Dakota. In North Dakota frost was
still inthe ground and no seeding had been done. Oats were in excellent condi-

tion in the Athintic coast and East Gulf States, seeding nearly completed in Iowa,
well advanced in Nebraska, and in progress in Illinois and Michigan. The oat

crop was damaged to some extent by freezing weather and frosts in Kansas, Mis-

souri, and Tennessee. The reports indicated that great damage had been done to

fruit in the Middle Atlantic States as far north as southern New Jersey, and gen-

erally from the Ohio River southward to the northern portion of the Gulf States.

Much damage was also done in Oklahoma, Missouri, and Arkansas, and while the

effects of the cold were less serious in the States north of the Ohio River, fruit sus-

tained more or less injury in Illinois. Ohio, and Pennsylvania. But little damage
was done, however, in Indiana and New York; and in Michigan and New England
fruit buds had not been injured. Early-planted cotton was injured by frost in

portions of Alabama, Mississippi, and Louisinna. In Texas planting progressed
favorably over the southern and central portions, where, however, the early-

planted came up to poor stands, reiuiring some replanting. Preparations for

planting were well advanced over nt^rthern Texas, where some planting was done.

Some planting also was done in southern Arkansas. Tobacco plants were seri-

ously injured by frost in Kentucky, and sustained some damage in Virginia.

April IS.—The general weather conditions were more favoraiile tlian in the

preceding week, and over the Northern, Central, and Western States were, upon
the whole, very favorable. In Southern States the week was too cool and in some
sections too dry, while over portions of the Ohio, central Mississippi, and Lower
Missouri valleys it was too wet. In California drought conditions were further

intensified. As a result of the cold weather of the previous week much replant-

ing of corn was necessary in the Southern Slates. Corn planting was in progress

as far north as the southern portions of Missouri and Illinois, and preparations

for planting were well advanced in the more northerly States. In Kansas plant-

ing was nearly completed in the southern part of the State and in progress in the

central counties. In Iowa a large area was prepared for corn, and conditions were
favorable for early planting. The rej)orts concerning winter wheat were gener-

ally favorable, and a decided improvement, as comp.ired with the conditions in the

preceding week, was reported friini Indiana and Ohio, while the crop was recover-

ing from the effects of cold weather in Kentucky and Tennessee. In Michigan
wheat was much in need of rain, while in Caiiloruia the crop Wiis expected to

prove a failure except in the northern coast counties and in limited areas in the

interior valleys. Coneiderabh; wheat had been sown in the northern portion of

the spring-wheat region and seeding nearly completed in the southtrn jmrtions of

Minnesota and South Dakota. In Oregon t lie wheat crop nuule good growth and
was in i)romising condition. Oat seeding progressed satisfactorily in the more
northerly States. The bulk of the crop was now sown in the Stat^-s of the central

valleys, and in Iowa and Nebraska early-sown fields were coming up nicely, and
in Kentuc!<y and Tennessee were recovering from the elfects of freezing tempera-

tures of the previous week. The outliok for fruit in the Northern and Western
States was generally verv favorable, the reports ijidicating tiiat thoetTtnits of cold

in the Middle Atlantic and Southern States would i)rove less .serious than ^yaa

expected. Tobacco jj^ants were plentiful in the Car>ilinas. Kentucky, and Vir-

ginia, and the condition of the beds in Maryland fair. In Indiana and North
Carolina tobacco plants were injured lightly by frost. Some transplanting was
done in South Carolina. Cool weather prevailed in the cotton region and wa.s

unlavorable for the germination of sicd planted, especially in the central and
eastern portions, where the crop came up slowly and in some sections to bad

stand.s. In central and southern Texas the recently planted cotton came up
well.jind iilanting was well underway over the northern jiartof the State. Some
cotton was planted in .\rkansas. Norih Carolina, and Tennes.see.

Aitril VJ.—This week was too cool for the best results in New England, the cen-
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tral valleys and East Gulf States, while excessive moisture retarded farm work
generally in the States northward of the Ohio River and in the Ea-<t Gulf States.
In the Middle and South Atlantic States, Texas, the Dakotas, generally tliroughout
the Rocky Mountain rejrion, and on the North Pacific coast the weather conditions
were more favorable. No rain fell in Californa; conse iuently the severe droujjht
continued i;n broken. Droughtalso continued in Florida, though partially relieved
in localities in the northern portion of the State. The bulk of the corn crop was
planted southward of the northern boundaries of Arkansas, Teimessee, and the
Carolinas; but northward of this line, except in Kansas, slow progress was made,
owing to excessive rains and cool weather. No corn had yet been planted in Indi-
ana, but planting had begun in portions of Ohio, Virginia, Maryland, and Penn-
sylvania. A little planting had also been done in Nebraska. Poor stands were
reported from the South Atlantic States, and but slight growth made generally in
the Southern States. In southern and central Texas, however, the corn crop was
growing well and was receiving its second cultivati(m; over northern Texas it was
late and irregular. The winter-wheat crop continued in promising condition in
the principal wheat States of the central valleys. Further improvement in wheat
was reported from Ohio, and in Michigan it was benefited by rain. In the South-
ern States wheat was heading. As a result of the severe drought in California,
the grain crop was reported to be injured beyond reco\ ery, except in the northern
coast counties and in some foothill regions. Spring-wheat seeding was nearing
completion in Minnesota, South Dalcota, and over the southern portion of North
Dakota, and seeding well advanced over the northern portion of North Dakota
and in Montana. Slow progress was made with oat seeding where unfinished in
the more northerly States. In the central and southern portions of the country
the crop made favorable progress; the early sown was nearing maturity in some
sections. Cotton planting was about completed over the southern section of the
cotton region and well advanced over the northern portion. The early planted
was making but slow growth over the central and eastern portion of the cotton
belt, while poor stands were reported from Georgia, Florida, and Mississippi.
There was an abundant supply of tobacco plants, and transplanting continued in
South Carolina and commenced in North Carolina. Tobacco suttered from drought
it Florida. The general outlook for fruit in the Northern Sfcites continued promis-
ing, and prosjiecis in the middle and southern sections appeared more favorable.
Maij -2.—In the Atlantic Coast and East Gulf States this week was not favorable,

being much too cool, with excessive moisture along tlie immediate coast from the
Carolinas northward to southern New England; while high winds with freezing
temperatures in the States of the Up])er Missouri Valley were very unfavorable. In
the Upper Mississippi, Lower Missouri, and Ohio valleys, Lake Region, and West
Gulf States the conditions were more favorable, although excessive rains retardeil
farm work in Missouri and portions of Kansas, Illinois, and Arkan&is. On the
Pacific coast the week was especially favorable in Washington and Oregon, and
beneficial showers fell over i)ortions of southern California. Frosts occurred as
far south as the Carolinas and northern Florida, and snow fell over a considerable
portion of the Middle Atlantic States. Slow progress was made with corn plant-
ing in the central valleys and Middle Atlantic States, and in the Southern States
growth of corn was retarded, although its condition was improved somewhat by
the end of the week. In Texas the conditions were mor(^ favorable, and the crop
generally did well. Planting began in Iowa, Illinois, and Indiana, but was not gen-
eral. Exceptin California the reports concerning winter wheat continued favorable
and indicated that the general condition of thiscrop was most promising. Further
improvement was reported from Ohio and Mii higan. but in Virginia excessive rains
and low temperatures caused it to turn jellow to some extent. High winds caused
damage to spring wheat in the Dakotas and Nebraska, but elsewhere in the spring-
wheat region the reports indicated that the crop was doing Wtdl. In the central
valleys and in the Southern States the outlook for oats was generally favorable, but
slow growth was rei)orted over portionsof the Ohio Valley and Central Gulf States.
Seeding was delayed in Pennsylvania, but practically completed in Michigan and
Wisconsin. Except in Texas, the reports concerning cotton indicated that it had
come up to poor stands and that it had made slow growth, while in the (^arolinas
the crop suffered injury from frost. Considerable planting remained to be done in
Mississippi, but in general the bulk of the crop was planted. In Texas cotton made
rapid growth over the central and southern jjortions of the State and was coming
up to good stands in the central and northern ixirtions. Tobacco beds escaped
injury from frost in North Carolina, and the outlook for a plentiful supply of plants
continued favorable. Some transplanting was done in Tennessee.
May 0.—This week was much too cool for best results over nearly the whole

countrj". There was deficient sunshine with excessive moisture from the m ddle
Rocky Mountain slope eastward over the central portions of the country to the
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luicMlo Atlantic and southern New England coasts, while very heavy rainfall

caused destructive freshets in Oklahoma and portions of Arkansas and retarded

farm work in southern Missouri, Kentucky, the Middle Atlantic States, and New
Eni,dand. In the Southern States the first half of the week was very favorable,

buTthe latter part was much too cool, while in tlie States of the Upper Mississippi,

Rtd River of the North, and Upper Missouri valleys the latter part of the week
was more favorable than the first. In Texas and on the North Pacific coast the

week was favorable throughoiit, but in California severe and protracted drought
continued. As in the preceding week, slow progress was made with corn idanting

in the Central and Northern sections; but little had been planted in Nebraska,
Iowa, Illinois, Indiana, and Michigan, while planting was much delayed over the

northern portion of the Middle Atlantic States. Although somewhat improved
in the Southern States, growth of corn was checked by cool weather of the latter

part of the week, while complaints of rotting were received from portions of Kan-
.sas and southern Missouri. Considerable replanting was necessary in Arkansas
and (Oklahoma as a result of freshets. In Texas the crop was well cultivated and
in a promising condition, except in some localities in the central portion where it

was damaged by chinch bugs. The condition of winter wheat continiied most
promising, except in California, where the crop promised to be a failure in all but
irrigated and foothill sections. Further improvement in wheat was reported from
Ohio and Michigan, while in portions of Missouri and Virginia the crop deterio-

rated to some extent as the result of excessive rains. In Washington and Oregon
the outlook for wheat was most flattering. The general condition of spring wheat
was also very promising, the reports indicating that it had largely recovered in

those sections where damaged by high winds during the preceding week. Seed-

ing was finished except over the northern portion of North Dakota. The condi-

tion of oats in the Ohio Valley and Middle Atlantic States was generally favorable,

but was less promising than previously reported in portions of the South Atlantic

and East Gulf States, whi!e in Nebraska the crop made but slow growth. Cot-

ton was in need of warm sun.shine throughout the cotton belt, and rain was
needed over the eastern portions. Planting was now practically completed.
Good stands wore reported from Tennessee and Mississippi, variable from South
Carolina and Louisiana, and poor from Georgia and Florida. In Texas cottoir

was generally well cultivated over the soutliern portion and came up to good
stands in the northern sections, but the weather Avas too cool for growth, and the

crop had been washed out in places by heavy rains.

Maij /'/.—Under the favorable weather conditions which prevailed throughout
nearly tlie whole country during this week farm work and growth of crops made
exceptional progress. Farming operations, however, were interrupted by rains in

portions of the Lower Missouri. Central Mississippi, and Upper Oiiio valleys, and
in the Middle Atlantic States, while frosts occurred in portions of the Lake Region.

New England, and the Middle Atlantic States. Generous rains, ranging from O.-'jO

to l.'^.") inches, fell over the greater part of California, where marked shortage m
seasonal precipitation existed. These rains were the heaviest since February in

California, and in some sections the heaviest of the season, and were beneficial to

grass and that portion of the grain crop not permanently injured. Hay, however,
sustained damage. Corn planting in the principal corn States of the central val-

leys made rapid progress, notwithstanding the wet soil, resulting from excessive

rains of this and the preceding week. Corn planting was nearing completion in

Indiana, over the greater part of Iowa, and in central and western Kansas; in Illi-

nois about one-half of the crop was planted, and planting was well advanced in

Soutli Dakota, Minnesota, and Michigan, while but little had been done in Wis-
con.sin,and considerable remained to be planted in the Middle Atlantic States. As
a result of the excessive moisture and cool weather of the preceding week in the

central valleys, germination was slow, and in portions of Slissouri some rotting

was re[>f>rted. The general condition of the corn crop in the Southern States wa.s

improved, Thf; previously roi:orted favorable condition of the winter-wheat crop
continued. Some lowland wheat in Missouri, however, was unfavorably affected

by heavy rains, and in Michigan the crop, although showing improvement, needed
rain. Wheat was now lieading as far north as southern Kansas, the (Jhio Valley,

and 1 lie.southern portion of the Middle Atlantic States and was ripening in Texas.

In ( )iegc)n a full croj) was practically assured. This week m;uked the completion
of sjiritig-wheat Beetling. The early sown had made good growth, and its condi-

tion was reported as generally promising in the States of the Upper Missouri. Red
River of the North, and Upjier Mississippi valleys, but in Oregon and Washington
it ne<ded rain. Oat seeding continued in Nortli Iiakota, while the crop was near-

ing maturity in the Southern States, and harv(>sling h.id begun in Texas. The
condition of the crop was promising. Cotton niaile slow growth in tlie central and
eastern portions of the cotton belt, although generally some imi)rovement was
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reported from these sections. In southern Texas the crop did well, except in the
extreino eastern portion, where rain was needed, while over the central and north-

ern portionaof theStato the weather was too cool. Tobacco plantin;:^ was in general
progress in Tennessee and had begun in Maryland and N'irginia. plants being
ready to set in Ohio. In the Carolinas and Florida tobacco did well. The snpply
of plants was generally abundant.
Mail :':. —The weather conditions of this week were moat favorable for crop

growth throTighout the central valleys, Lake Region, Middle Atlantic States, New
England, and on the north Pacific coast. The high average temperatures through-
out all districts east of the Rocky Mountains i)roved especially beneficial, laut

excessive rains in the central valleys and in portions of the lower Lake Region and
Middle Atlantic States retarded farm work and caused rajiid growth of weeds,
while portions of the South Atlantic and East Gulf States suffered from drought.
It was too cool for rapid growth of vegetation in the States of the Rocky Mountain
region. Cloudy and wet weather in tlie central valleys and on the Middle Atlantic

coast greatly delayed corn planting, but was very favorable for germination and
growth of the early planted. In the Southern States corn was in silk and tassel

and generally doing 'well in the West Gulf States, but in the East Gulf States

suffered from drought. Winter wheat made rapid growth and was generally in

excellent condition. It continued to improve in Ohio and Michigan, but was
injured by excessive rains on lowlands in Missouri. The crop was now heading
as far north as the central portion of Kansas, Missouri, Eliuois. aud Indiana, and
harvesting had begun in Georgia and Texas, In Oregon and Washington the out-

look was excellent, and rains of the two previous weeks in California improved
the grain outlook in that State. Spring wheat was mostly in fine condition in

the Dakotas and Minnesota, and greatly improved in Wisconsin and eastern Wash-
ington. The general condition of the oat crop was very good, although damaged
to some extent by rains in lowlands in Missouri and by drought in the Carolinas
and Alabama. Under favorable conditions cotton showed improvement, especially

over the eastern portions of the cotton belt, excepting Florida, where its condition
was poor. In Louisiana late i>lanted cotton was not up and the ground was too
dry for germination. In Texas the crop was late and in localities weedy, but
improved generallj', though needing sunshine. Tlie greator part of the tobacco
crop was planted as far north as Tennessee and North Carolina, and planting was
well advanced in Kentucky, but north of the Ohio River and in the Miildle Atlantic

States little planting had been done. Plants were generally abundant.
Matj .10.—As in the preceding week, the weather conditions were especially

favorable for crops in the principal agrictiltural States, the high average tempt-r-

atures throughout the central vallej's and Southern States having been decidtdly
beneficial. Rain, however, was needed in the Gulf States, while excessive mois-

ture retarded farm work in New England and portions of the Middle Atlantic

States, particularly in New England. Corn planting was vigorously pushed and
was nearing completion in the more northerly sections, except in New York and
New England. In the x)rincipal corn States of the central vall'ys corn wa.s com-
ing up well and cultivation of the early planted had begun. Excessive rains

retarded cultivation in Missouri and western Kansas, while in portions of Nebraska
the crop was badly washed. In the Southern States corn, especially the early

planted, which was being laid by, needed rain. Winter wheat was heading in the

more northerly States and maturing rapidly in the central-southern sections,

while harvesting was general in the Gulf States. The outlook in Oregon and
Washington never was better, the rains in Washington having greatly improved
the prospects for an abundant crop in that State. All reports from the spring-

wheat region indicated a rapid and healthy growth of spring wheat and showed
this crop to be in a most promising condition. Oat harvest continued in the
Southern States, the general condition of the crop being satisfactory, although
the growth was too rank in Iowa, and it suffered on lowlands in Missouri from
excessive rains. There was a general improvement in the condition of cotton,

except in Florida. The crop was clean and well cultivated, and the early planted
forming " .squares,"' [American name for very young bolls.] In southern Louisiana
cotton needed rain, and in localities of Texas insects were causing damage. In

Kentucky about one-half of the tobacco crop had been planted, and much planting

had been done in Virginia. Farther north but little jdauting had been done. Plants
were abundant generally, but were backward in Wisconsin and New England.

J(n(c 6.—Favorable weather conditions of the previous week continued in the

States of the central valleys and on the ^liddle Atlantic coast, while in the east

Gulf and South Atlantic States and southwest Texas drought became more pro-

nounced. The temperature conditions to the eastward of the Rocky Mountains
were highly favorable, but in the Rocky Mountain region and over the greater

part of the Pacific coast it was too cool, freezing weather and frosts occurring in
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portions of Idaho, Nevada, and eastern Oregon, ('orn planting was now i)racti-

cally completed in the more northerly sections, and the crop had received its last

cultivation in the Southern States, where it was suffering from drought. In the
principal corn States of the central valleys this week was especially favorable for
growth and cultivation, and generally the crop was clean and in good condition.
In Nebraska and portions of northern Missouri, however, cultivation was delayed
by rains, and in North Dakota corn was backward and needed sunshine. The
winter-wheat harvest had been completed in the South Atlantic and Gulf States,

except in Texas, where it continued, and had begun in North Carolina and Ten-
nessee. Winter wheat matured rapidly and in excelU nt condition in the central
and northern sections, although some complaints of rust were reported from jior-

tions of New Jersey, Maryland, Tennessee, Missouri, and Kansas. Thrashing was
in progress, with satisfactory results, in the South Atlantic and East Gulf States.

The condition of the crop in Washington and Oregon continued most favorable,
and in California a better yield than expe<;ted was promised. SiH-ing wheat made
rapid growth, and its condition was most promising generally tlu'oughout the
spring-wheat region. The reports concerning oats were favorable, although some
complaints of rust were received from New Jersey and Missouri, while growth
was too rank in portions of Iowa and Nebraska. The absence of rain over the
central and eastern portions of the cotton belt was favorable for the cultivation of
cotton, and the crop was clean, except in portions of Arkansas and central Texas,
where heavy rains favored the rapid growth of grass. The plant generally was
.small, but healthy and making steady growth. Tobacco did well in the Carolinas,
and planting progressed under favorable conditions in Virginia, Pennsylvania, and
New England. Rain was needed for transplanting in the Ohio Valley, where but
slow progress had yet been made, except in Kentucky, where it was nearly com-
pleted. Cutting had begun in Florida.
Jmie hi.—Upon the whole, the weather conditions of this week were less favor-

able to agricultural interests than in the preceding week, injury having resulted
from excessive rains in portions of the Upper Mississijtpi Valley, in the Lower
Mis.sonri Valley, and in Oklahoma and Texas, while tlie absence of rain intensified

the drought conditions in the Carolinas. In the jnincipal corn-itroducing States
of the central valleys corn generally made good growth, but owing to excessive
rains cultivation was interrupted and the crop was generally weedy, especially in

the Lower Missouri Valley, the weather conditions being exceptionally beneficial

in the Lake r. gion. Ohio Valley, Middle Atlantic States, and Texas. The gen-
eral condition of winter wheat was less inomising than at the close of the previous •

week, as a result of heavy rains in the Missouri and Upper Mississipjii valleys,

which tended to increase rust ar.d caused some lodging in the Lower Missouri
Valle}'. Some complaints of rust were also reported from Tennes.see and the Mid-
dle Atlantic States. Wheat ripened rapidly in tlie Ohio Valley, and harvesting
was in progress in Virginia, Kentucky, and in the southern portions of Illinois,

Mi.ssouri, and Kansas. Harvesting was delajed by rains in Oklahoma and Texas.
The outlook in Oregon and Washington continued excellent, and in the first-

named State the crop jiromised to be the largest ever produced. The condition of
spring wheat in the Dakotas continued most promising. In Minnesota the crop
made vigr)rous growth, but rust made its appearance, and some complaints of 1< dg-
ing were reported, while unfavorable reports were receivid from Iowa, where the
crf)p was in imminent danger from rust and lodging, a considerable area already
being dow7i. Oats sniTered from the same conditions that injured wheat, namely,
rust and lodging, in the Upper Missis.sipjn and Lower Missouri valleys, but tho
general condition of the crop was favorable. Oat harvest was in progress in some
of the Southern States. Over tho fastern portion of the cotton belt cotton gener-
ally was small, but healthy and well cultivated. In the central ])ortion more
rapid gi'owth was reported, but in Arkansas it was gra.ssy in some localities. In
Texas cr^tton made good growth in all sections, but conMnuous rains prevented
cultivation. Tobacco planting jirogressed favorably in the more northerly sec-

tions, but in ^Maryland, Ohio, Kentucky, and TtnnessetMransplanting was slow,
on account of lack of "seasons." In Carolina tobacco suffered for rain.

Jiiiip ..^'/.—With gcnf'rally favorable temiierature conditions and abundant rains
over the greater part of the country cast of the Rocky Mountains, more particu-
larly the central and southtrn sfctions. crojis made substantial i>rogress. Culti-

vation, however, was retard'd in jxntions of tho central valleys and in Texas,
where continuous rains favore<l rank growth of grass and weeds. Except over
.soutliern (teorgia, where rain was still nei'ded, the ]>revious drought conditions in

the South Atlantic and East Gulf States were wholly relieved. Corn continued
to make good growth ami the general c<indition of the crop was itromising,
although suffering from lack of mltivatioii in some of the principal corn States of

the central valleys and in northern Texas. ( )wingto continuous rains slow prog-
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ress was made with winter-wheat harvest in the central Mississippi and Lower
Missouri valleys, in Virginia and North Carolina. Harvestini^ was in progress in
southern portions of Illinois, IndiaTia, and Ohio, where the conditions were more
favorable. In Kansas, Missouri, southern Illinois, Arkansas, and Tennes-see more
or less damage was reported from rust, and in Arkaiisas and Tennessee grain in
shock was damaged. The outlook in Washington and Oregon continued most
promising. Spring wheat continued in excellent condition in the Dakotas, Imt in
Iowa and portions of Minnesota there were complaints of rank growth and lodg-
ing, particularly in Iowa. Oat harvest was in progress as far north as southern
Missouri. Although complaints of lodging and rust were received from i)ortions
of the central valleys, the condition of the crop was promising. The week was
exceptionally favorable for cotton, and the rejwrts indicated a decided imi)rove-
ment in the condition of this crop throughout the cotton belt. In jiortions of
Mississippi, Louisiana, and Texas, however, it was grassy and in need of cultiva-
tion, while some complaints of lice were received from North Carolina. Tobacco
planting was completed in Virginia and Kentucky, and well advanced in more
northerly sections. Except in Maryland and southern New England, where phint-
ing was delayed and plants scarce, the general outlook was favorable. Cutting
continued in Florida and had begun in South Carolina.

J\(ne 21.—Upon the whole, the general weather conditions of this week were
favorable to agricultural interests, the light rainfall with abundant sunshine in
the Southern States being especially beneficial to cotton. Local storms, in places
accompanied by hail, however, proved destructive in portions of New Jersey and
over local areas in the Ohio and Upjer Mississippi valleys, while h<^avy rains
retarded cultivation of crojis and caused some injury to grain in Missouri.
Reports from the principal corn-producing States indicated that corn had made
rajnd growth and that generally the crop was in excellent condition. Notwith-
standing the heavy rains in portions of the Lower Missouri and Upper Mississipijl
valleys, where the crop at the close of the previous week was grassy, cultivation
was vigorously i)ushecl and, except in Missouri, where much was still weedy, the
fields were generally clean. The cultivation of a lai'ge part of the crop as far
north as Kansas, Missouri, and central Illinois was finished. Winter-wheat har-
vest was nearing completion in southern Kansas, and was practically comi>leted
to the south of the Ohio River. Harvesting was now general in northern Kansas,
Missouri, Illinois, Indiana, and Ohio, and had begun in Nebraska. Con.siderable
damage from rust was reported from Kansas, Nebraska, and Ohio, and similar
complaints, in addition to injury from chinch bugs, were received from Missouri,
central Illinois, and Virginia. The condition of wheat in Oregon and Wa^-hing-
ton continued very promising. Thrashing cont nued in the Southern States
generally with satisfactory yields. In Texas some injury was caused to grain
in shock by rains of the previous week. The condition of spring wheat was le.ss

favorable than reported in the previous we^k. Rust began to a])pear in North
Dakota, while hot and dry southerly winds proved injurious in portions of South
Dakota and Nebraska. In Minnesota reports of lodging were less numerous, and
favorable weather conditions checked rust, but reports of damage by rust and
lodging in Iowa continued. Oat harvesting generally was ccmipleted in the
Southern States, and was in progress in the central valleys and Muldle Atlantic
States with satisfactory results. The crop was maturing rapidly in the more
northerly sections, where its general condition was promising, except in the Dako-
tas. Iowa, and Missouri. In Iowa and North Dakota rust was reported: in Mis-
souri damage was caused bj- excessive rains in i)]aces, while hot winds proved
injurious in South Dakota. Exceptin thoCarolinas cotton grcwra] idlytlnough-
out thecotton belt, and inportionsof thecentral sectionits growth was somewhat
too rapid. The crop generally was well cultivated, except in limited aieasin Texas,
Louisiana, Tennessee, and South Carolina, where some fields were grassy. Com-
plaints of lice also were received from the Carolinas. Conditions were iinfavorable
for transplanting tobr.cco in southern New England, ^farj-land, and Indiana.
Planting in New York and Ohio practically was completed, but much replanting
was necessary in the last-named State. In the Carolinas and Virginia the crop
improved, and while the earlj' planted in Kentucky' made good growth, the late

Xdanted made slow pi-ogress. In Tennessee tobacco made good growth, but cut
worms caused uneven stands.
Jnhj .',.— In the Atlantic coast and East Guli districts this week was hot, excees-

ively so during the latter jiortion, and for the most part dry. In the Lake region,
central valleys, and west Ciulf States the weather conditions wt re j„enerally favor-
able, although heavy rains retarded cultivation in portions of the central Gulf
States. The absence of rain over a large portion of Illinois and Missouri, where
crops were previously reported as very grassy, was particulai'ly favorable for
cultivation. In the central and northern Rocky Mountain regions the week was
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cool, with light to heavy frosts in ^Montana, Wyoinin;^;, and eastern Washington,
causing little or no damage, however, except in Waahin^ton, where corn and
vegetables were injured tt> a slight extent. A destructive '"norther " occurred on
Jime oO and July i in northern California, during which much fruit was blown
from trees and a" large part of unharvested grain wag shelled. Favorable reports
as to the condition of corn continued from nearly all sections, and in the principal
corn-producing States of the central valleys the crop made splendid progress, the
early planted being in silk and tassel as far north as the southern portions of Mis-
souri. Kansas, and the Ohio Valley. In the Gulf States, especially in Texas, corn
matured under favorable conditions. In portions of Maryland, South Carolina,
and northern Georgia the condition of corn was not pi-omising. owing to drought.
Wheat harvest progressed iinder favorable weather conditions in the more north-
erly winter-wheat States, and was practically completed as far north as Missouri and
the ( entral portionsof Illinois and Indiana. Harvesting commenced in Oregon, and
grain was nearly ready for harvest in Washington. In the last-named State high
winds proved unfavorable to wheat. The condition of spring wheat generally
was l)etter than at the close of the previous week, rains and cool weather having
proved especially beneficial in the Dakotas. Cotton improved over the greater
part of the cotton belt, but owing to continuous rains was badly in need of culti-

vation in Mississippi, Louisiana, and portions of northeastern Texas and Alabama.
Too rapid growth and rust were reported from Louisiana, while boll weevil and
rust were reported from i)ortion3 of Texas, where, however, the general condition
of the crop was very i^romising. Reports concerning tobacco were favorable,
except in Pennsylvania, Maryland, and North Carolina. In Maryland only about
one-half the usual acreage at this date had been planted.
Jnhj 11.—The dry weather over the northern districts, from the Missouri Valley

to New England, proved exceptionally favorable for harvesting and cultivation of
crops, but was not wholly favorable for crop growth, and in the Lake Region, Middle
Atlantic States, and New England rain was much needed: rain also was needed,
particularly for spring wheat, in western South Dakota, Montana, and Washing-
ton. Some damage resulted from excessive rains in portions of Arkansas, Missouri,
and Mississippi, and from local storms in Minnesota and Illinois, while high winds
proved injurious to wheat in Washington. In the Southern States the week gen-
erally was favorable, except in portions of Mississippi, where damage resulted
from heavy rains. With the exception of damage by chinch bugs in portions of
Missouri and Illinois, and the need of rain in southern Wisconsin, upper Ohio Val-
ley, and Middle Atlantic States, corn continued to make favorable progress and
the outlook was promising. Cultivation largely was finished, except in the more
northerh- sections, and the crop was in tassel as far north as Michigan and Wis-
con.sin. Winter-wheat harvest was well advanced in the extreme northern dis-

tricts, and considerable thrashing done in the central valleys, Middle Atlantic and
Southern States. Thrashing, however, was delayed by rains in portions of Mis.souri,

where grain in shock was damaged. Harvesting, with excellent results, continued
in Oregon, and was begun in Washington. In the last-named State the crop had
ripened rapidly, in some .sections prematurely, and was damaged to some extent
by high winds. In California harvesting was nearing completion—the summer
fallow giving fair yields in some sections. In South Dakota spring wheat was
injured permanently by hot winds of the week ending June 27, and the iirevious
excellent prospects were materially impaired. In Minnesota, however, lodged grain
im])roved. Spring wheat was heading in the extreme northern portion of the
Bi)ring-wheat region, and on the North Pacific coast the crop was ripening rapidly,
and an excellent yield promised, especially in Oregon. With the exception of a
few complaints of rust and shedding, the reports indicated an improvement in

cotton over the eastern portion of the cotton belt. The crop was akso doing well
in Missouri and Arkansas, and generally in Texas, where, however, rust and IkjH

weevil were reported in some sections. In Louisiana and ^lississippi dry weather
was needed, the first-named State reporting too rapid growth and crop grassy.
Tobacco generally was doing well, except in Maryland, Pennsylvania, and south-
ern New England, where, owing to lack of jdanting "seasons. 'less than the u.sual

area had been xdantcd. Light frosts occurred in northern New England on the
Oth, causing but slight damage.

./"/// IS.—At the close of this week rain generally was needed in the Missouri.
Upper Mississippi, and Ohio valleys, the Lake Region, and over the greater part
of New England and the Middle Atlantic States, especially in Missouri , Ohio,
northr-rn New England, and portions of the Middle Atlantic States, the drought
in Mitryland and adjacent ]>ortions of Virginia being especially severe. Too much
rain foil over a large iiart of the South Atlantic and East Gulf States, causing
injury to and preventing the cultivation of < rops. Along the immediate coast
from southern New England to North Carolina, in West Virginia, Kentucky,
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Tennessee, tlio Central and West Gulf States, auil generally tliroiii^hout llic Rocky
Mountain and North Pacific coast regions the weatlier conditions were favorable
to crops. While rains would have proved beneficial to corn in the principal corn
States of the central valleys, that crop was generally doing well, except in south-
ern Missouri and Michigan, where rain was greatly ue ;ded. Altliough needing
rain, the condition in Kansas was improved greatly, and rapid growth was made
in Nebraska and South Dakota. Corn was injured materially by fros-t on the 1 1 th
and l'3th in the northern portion of the lower Michigan piminsula, northwestern
Ohio, and in portions of New York, New Jersey, and New England. In the
Southern States corn was generally in excellent condition and a largo iiart of the
crop made. Winter-wheat harvest continued where unfinished in a few of the more
northerly States, but the bulk of the crop was harvested east of the Rocky Moun-
tains and in California. Harvesting was in full progress in Oregon and well
advanced in.eastern Washington. A large yield, of excellent quality, was being
harvested in Oregon, but while wlieat turned out well in Washington, it had been
somewhat injured by recent hot weather. Spring wheat ripened raindly. As
previously reported, it had been injured by hot winds in portions of South Dakota.
Cotton made rapid growth generally throughout the cotton region. North Caro-
lina reporting too rapid growth of stalk, but reports of rust and shedding greatly
increased, especially over the central and eastern districts. In South Carolina,
Florida, Alabama, and Mississippi the crop needed cultivation and sunshine. In
Texas it was very promising, except in a few localities, where boll weevil, rust, and
shedding were reported, and growth was slightly checked by cool nights. Some
early cotton was maturing in southwest Texas. Over the north central portion
of the cotton belt the crop was well cultivated and generally in promising condi-
tion. Tobacco on lowlands iu Florida and in i)ortions of northern Tennessee was
injured by rains, while in Maryland drought greatly reduced tl:e acreage, dam-
aged the crop, and rendered further planting useless. In Pennsylvania and Oliio
tobacco made slow growth, but in the Carolinas, Virginia, Kentucky, Missouri,
Wisconsin, and New England it was in promising condition. Cutting and cur-
ing were in progi-ess in Texas and the Carolinas, and topping in Virginia.
Jul 1/

::'').—The drought conditions of the previous week in the States of the
central valleys and Lake Region were relieved in sections only, and at the close of
the week rain was needed over the greater part of the Lake Region, Ohio, Missis-
sippi, and Missouri valleys, in portions of New England and the Middle Atlantic
Statts. and the greater part of Texas, while portions of the East Gulf and South
Atlantic States suffered from excessive rains. Comparatively few local storms of
sufficient severity to damage crops were reported. Light frosts occurred on the
20th in North Dakota and extreme northern Minnesota, but caused no serious
injury. The weather conditions on the Pacific coast generally were favorable,
but in Washington the high temperatures of the previous week shrunk grain to a
somewhat greater extent than previously reported. In the great corn States of
the central valleys, Nebraska, Kansas, Iowa, Missouri, Illinois, Indiana, and Oh o,

which produce considerably more than half the entire product of the L^nited
States, corn was generally in need of rain, while in Iowa and portions of Missouri
the crop was threatened with serious injury. In the Southern States continued
favorable reports concerning corn were received. Winter-wheat harvest con-
tinued on the North Pacific coast, having been practically completed during the
previous week in all districts east of the Roclcy Mountains. In Oregon wheat
yielded better than expected. In portions of Washington, however, hot winds of
the previous week caused the grain to shrink materially. Spring-wheat harvest
was well advanced in the central portion of the spring-wheat region, and the crop
matured rapidly and well in the northern portion. In Oregon spring wheat was
reported nearly as good as winter, which was an unprecedentedly good crop. As
to cotton, reports of rust and shedding, although probably somewhat less numerous
than in the previous week, continued from the central and eastern portions of the
cotton belt, where excessive rains in some sections caused too rapid growth of stalk.
The crop was in need of cultivation in portions of South Carolina, 5lississippi. and
Louisiana, some fields on lowlands of Mississippi having been abandoned. In
Texas the crop generally was promising, but boll weevil were increasing, and rain
was needed in localities. Picking was in progress in southern Texas, and cotton
beginning to open in southern Alabama. Rei>orts concerning tobacco generally
were favorable, except in Maryland, Pennsylvania, and portions of ( )hio and Ken-
tucky. Rocent rains improved the condition of the crop in Maryland, whore a
comparatively small area was planted. In Kentucky tobacco was of poor color,
slender stalk, and " frenching." In Virginia the outlook was exceptionally favor-
able. Cutting and curing progressed in the Carolinas, Florida, and Texas'. Some
plowing for fall seeding was done in Tennessee. Micliigan, Mb.souri, Kansas, and
Oklahoma.

Ait(jHst 1.—Abundant rains during this week relieved the drought conditions
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which threateneil the States of the central valleys at the close of the previous

week. Drought, however, contiime<l in Minnesota, over the northern portions of

the Lake Rei,non and New England, in tlie western portions of Nebraska and
Kansas, and in east«'rn Oklahoma. The week was hot and dry generally through-

out the Rocky Mountain and Pacific coai^t regions, while excessive rains proved
injurinns, more particularly to cotton, in the central and East (lulf and South
Atlantic States. Upon the whole, the week was decidedly favorab'e for corn. In

the great corn States of the central valleys, with but few exceptions, the crop
made e.xcellent progress and was also greatly improved in the Atlantic coast

States. In the northern ]>ortions of Illinois and Wisconsin, in Minnesota, over

the western portions of Nebraska and Kansas and eastern Oklahoma corn suffered

from drought, and was injured by hot winds in Kansas and Ok'ahonia. In Iowa,
where at the close of the jirevious week corn was threatened with serious injury,

it was much improved and gave i^romise of an average yield. In Missouri corn
did finely, and much of the early planted in the southern sections was safe. A
good corn crop also was assured in southern Illinois, but much was permanentl)'

injured in the central portions of the State and the crop suffered for rain in the

nortliern counties. In Indiana, (J)hio, Kentucky, and Tennessee, and generally
throughout the ]\Iiddle and South Atlantic States, tlie outlook for corn improved
decidedly. Spring-wheat harvest continued under generally favorable conditions

in tlie central and southern portions of the spring-wheat region. In the Red
River Valley the crop was in promising condition. Harvesting began in Wash-
ington and Oregon, and in the first-named State, while the grain was considerably

shrive'.ed in dry localities, it yielded a fair average crop. Cotton suffered from
excess ve rains and insufficient sunshine throughout the central and eastern por-

tions of the cotton belt. Rust, sliedding, and too rank growth of stalk were gen-

eral ill the sections named. Some cotton was jiicked in southwest Georgia, and
picking continued in southern Texas. In the last-named Sta*e the crop was in a
good state of cultivation, and generally lool:ed well, but needed rain in tome locali-

ties. Tobacco greatly improved in the principal tobacco States. In Tennessre,

however, the crop sustained injury as a result of wet weather, and while the crop

in Indiana was still small it nromised well. The outlook for a fine crop in Vir-

ginia was \evy ])roniising. The abundant r.iins of tliis week put the .^oil in excel-

lent condition for plowing for fall seeding generally throughout the central valleys

and Atlantic coast districts.

AugiiNt ,v.—The favorable weather conditions of the previous week continu'^d in

the central vabcys, Middle Atlantic Slates and New England, where the rainfall

was ample, and ^'n some .sections excessive. In the Southern States the week was
unfavorable for cotton, owing to insufficient sunshine and excessive rains. On
the North Pacific coast the week was also unfavorable, being dry and exception-

ally hot. In Wa.shington wheat harvest was interrupted by intense heat, which
caused the late grain to shrivel. Numerous complaints of damage to grain in

shock by wet weather, which also interrupted thrashing, were received from iior-

tions of the Ohio, Upper Mississippi, and Missouri valleys. Corn continued to

make excellent progress, and, excejit in portions of central Kansas, southern

Nebraslca. and central Illinois, the outlook materially improved. Some damage,
however, from local storms was reported from portions of the Middle Atlantic

States and New England, and in Ohio the crop needed cultivation. In Nebraska

corn sufTered considtralilo permanent injury from the drought which prevailed in

July. The early crop in Kansas was made and the late was promising, except in

central counties, where much was cut for fodder. A marked improvement in the

condition of corn was rei»orted in Illinois, where a good crop seemed assured,

except in central counties. In ^Minnesota ;ind South Dakota the weather condi-

tions were less favorab'e than in the i)revions week for spring-wheat harvest,

which was in progress as far north as Norman County, in northern Minnesota. In

Oregon and W:isliington excessive lieat caused wheat to ripen rajjidly—too rap-

idly for harvesters in the latter Stati'. where much grain was injured. Fretpient

heavy rains over the greater i»art of th« cotton belt were unfavorable to cotton,

causing too rapid growth of stalk, rust, and shedding to continue. Bollworms

also were reported as nunierou.s in the ( entral ami wt stern portions. In Texas

cotton was in a good state of cultivation, and as a rule the jilant looke«l well.

Cotton opened slowlv throughout tlie central ami eastern portions of the cotton

region. Hejiorts concerning tobacco indicated that it was in a very iiroinising

condition generallv. In Ohio, however, it neetled cultivation, and complaints of

"frcnching" continued from Kentucky. The outlook in Virginia was exception-

ally promising, ('lifting was about finished in North Carolina, and some of the

early planted in Ohio and Pennsylvania was housed. Owing to abundant rains,

the condition of the soil was most favorable for plowing for fall seeding, which

work was unusually well advanced for the season.
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Augtist 1').—Although rather cool, the gentTiil weather conditions in the States
of the central valleys were favorable for the growth and maturing of crops and for
farm work. In the Atlantic Coast States south of New England and in the(.'entral
and East Gulf States, including Kentucky and Tennessee, there wjis too much rain
except over limited areas, principally in the Southern States. In the Pacific ( 'oast
States the week was phenomenally hot, the temperatures in the interior of Cali-
fornia and in the eastern portions of Oregon and Washington ranging from 100'

to 112 , causing injury to graia in the last-named States. The week generally was
favorable to corn, although somewhat too cool in the northern i)ortion of the Upper
Mississippi Valley and too dry in portions of South Dakota and Kansas, while
excessive rains caused injury on the lowlands in southern Ohio. Har\-e&ting of
spring wheat in the Dakotas and Minnesota was nearly finished, e.xcept in the
northern fjortions. Cotton suffered injury from continuous excessive rains and
lack of sunshine over the greater part of the central and eastern districts of the
cotton belt, in which sections too rank growth, rust, and injury from insects were
extensively reported. In Missouri, Arkansas, and Oklahoma the crop did well,
and some favorable reports were received from North Carolina and Mis.sissippi.

In northern and western Texas cotton deteriorated as a result of dry weather, and,
while insects proved injurious over many parts of the State, the crop did well in

some sections. Plowing for fall seeding made favorable progress in the Missouri
and Upper Mississippi valleys, but this work was interrupted by excessive rains in
the Ohio Valley and Middle Atlantic States.

August .?/.—In the central valleys. New England. Middle Atlantic, and Central
Gulf States the week generally was favorable, especially for corn in the great corn
States. There was too much rain over the greater part of New York and gener-
ally throughout the South Atlantic States, while the central and northern Rocky
Mountain regions, including a portion of the Upper Missouri Valley, suffered from
intense heat and dryness. Local storms proved destructive in portions of North
Dakota, Minnesota, Iowa, Illinois, Ohio, and Fennsj'lviinia. The excessive heat of
the previous week on the Pacific coa.st was iollowed by cooler weather, with light

scattered showers in Oregon and Washington, the conditions in California being
especially favorable for fruit drying. Corn suffered to some extent from excessive
heat and drought in portions of Nebrasl:a, Kansas, and Missouri, and from heavy
rains in the Carolinas, but elsewhere the week was very favorable to this crop,
which was maturing rapidly in the principal corn States. Some cutting was done
in southern Missouri. The si ring wheat harvest continued under generally favor-
able conditions in Washington and Oregon, where, owing to excessive heat for
several weeks, the crop yielded less than was x^romised. especially in Washington.
In the Carolmas, Georgia, and Florida cottcn continued to suffer injury from
excessive rains and lack of sunshine, and complaints of shedding and rust were
general in these States, premature opening being reported from Georgia. There
was a decided improvement in the condition of cotton in the Central Gulf States
as a result of fair weather and favorable temperatiire conditions, in Texas cotton
suffered from drought e.xcejtt in the southeast portion, the crop being irregular,

generally late, and in many localities was shedding and suffering from the ravages
of insects, while in other .sections it was very promising. Picking was general
over the southern portion of thecotton region. Reports respecting tobacco showed
a general and decided improvement in this crop, except in North Carolina, where
too much rain caused second growth. Cutting and housing were in progress gen-
erally. The condition of soil continued very favorable for plowing for fall seeding.

Aiiriiifit ..'').—Continued heavy rains proved unfavorable in the South Atlantic
and East Gulf States, while drought prevailed in portions of Texas, Arkansas,
and Missouri, and generally in the States of the c astern Rorky Mountain slope.

The week proved very favorable in the New England and Midille Atlantic States,

the lake region, and throughout the central valleys, the high temperatures
f.ivoring the rapid maturing of crops. With the exception of portions of Kansas,
Nebraska, Missouri, and South Dakota, where the late crop was injured by drought
and excessive heat, the week was very favorable for com. which was maturing
rapidly throughout the central and northern portions of the cuntry. In the
southern counties of Nebraska corn ripened too rapidly under the high tempera-
tures of this and the preceding week. Some cutting was done in nearly all the
principal corn States. Harvesting and thrashing of .spring wheat continued in

Oregon and Washington. In Washington thrashing showed good yields, which,
however, were somewhat hssened by poor crops of late wheat in some sections as

a resultof the excessive heat of the first half of August, which alsoinjured the crop
in Oregon. The week was very unfavorable for cotton, esp cially over the most
of the eastei'n portion of the cotton belt, where it sxiffereil from heavy rains, caus-
ing rust, shedding, and too rapid growth of stalk. In port'ons of North Carolina
and over the central part of the cotton region the conditions were somewhat more
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favorable, and the crop iuiproved in Tennessee, Missouri, and portions of Missis-

sippi and Arkansas. Cotton also imiiroved in central and northern Texas, but
injects caxised damage in many localities, and premature opening and shedding
were reported from the central and southern portions of the State. Picking wae
now general in the northern portion. Except in New England, where warm dry
weather was needed, the week was favorable for tobacco, a general improvement
lieing reported from all tobacco-producing States. Cutting was general in

Kentucky, Virginia, and Maryland, a large jiart of the early crop being hou.sed.

Scjitctiibcr r>.—The abnormally high temperatures during this week were favor-

able for maturing crops, more particularly over the central and northern portions
of the country from the Mississippi Valley eastward, while in Kansas, Nebraska,
South Dakota, and portions of Missouri hot winds i>rovtd injurious. In the Cen-
tral and West Gulf States the week also was generally favorable, but in the South
Atlantic and portions of the East Gulf States excessively heavy rains caused much
damage. On the Pacilic coast the conditions were favorable. Corn made rapid
progress toward maturity under the abnormally high temijerature conditions, a
large part of the crop in States where usually exposed to danger from frost being
safe, and the remainder promising to mature earlier than usual. Late corn was
seriouslj' injured by hot winds in South Dakota, Nebraska, Kansas, and Missouri,
while heavy rains caused rotting and sprouting in the South Atlantic and East Gulf
States. Cotton sufifert d seriously from rust, shedding, and insects over the eastern
portion cf the cotton belt, from which section numerous reports of rotting and
sprouting also were received, especially in Georgia and the Carolinas, where the
rainfall was exceptionally heavy. In Loiiisiana and Texas reports of shedding and
damage by insects were lessnumerous than in the preceding week. In Texas rain
was needed for late cotton and the top crop. Cotton opened rapidly in all dis-

tricts, and picking progressed favorably over the central and western portions,

but was retarded by rains in parts of the eastern section. Most of the early

tobacco Avas cut and housed under favorable conditions, the late crop being gen-
erall}' promising. The soil over the central and northern districts of the country
east of the Mi-ssissippi River continued favorable for plowing, but in Missouri,
Kansa;^-, and Nebraska it was too dry.
September IJ.—The weather conditions of this week were favorable for farm

work and the maturing of crops in the lower lake region. Middle Atlantic States,

the Caroiinaa. Lower Mississippi Valley, Texas, and the Pacific Coast States, but
were generally unfavorable in New England and the East Gulf States, including
Georgia, while to the east of the Rocky Mountains and west of the Upper Missis-

sippi Valley the week was marked by unseasonably low temperatures, heavy frosts,

and in some instances snow, proving injurious to crops that were not fully matured.
Light frosts occurred in Iowa, Illinois, Indiana, and as far south as Kentucky, but
with little or no damage to crops in these States. Reports from the principal corn-

producing States indicated that the larger i)art of the early crop was practically

safe, with much in shock. Late corn did well in the east^^rn portions of Nebraska
and Kansas and in Iowa and Missouri. Considerable late corn was injure*! by
frosts in North Dakota and the extreme western portions of Kansas and Nebra.ska.

In portions of -Missouri the crop sustained great damage by hail and wind storms,

and suffered injury from excessive rains in the SoTith Atlantic States. There was
apparently no material improvement in the condition of cotton in the eastern sec-

tion of the cotton bolt, where it was opening rapidly and picking was progressing.

In the central section of the cotton belt the condition of cotton was somewhat
more favorable, except in Mississippi, where it was seriously injured. In Texas the

bulk of the crop was open, and picking progressed under favorable conditions, the
staple being clean. The soil conditions continued favorable for fall seeding in most
sections, and the reports generally indicated this work to be W(>11 advanced except in

Maine, New Jer.sey, Virginia. aTul Texas, where i)lowing had been delayed owing to

lack of rain. Considerable fall wheat was sown in the States of the central valleys.

Sintewlter 7.'^—This week on the whole was favorablt% except in portions of New
England. Pennsylvania, New.Ter.sey, and Maryland, where the drought conditions

previou.sly reported continued, while in Mississippi, soulhwestorn Texas, ami son»e

sections of Kansas and Mis^ouri heavy rains retarded farm work. Killing frosts

occurred in northern New England. Michigan, and Wisconsin, but with .slight

damage and liglit frosts occurred in New York, Pennsylvania, Ohio, and Indiana,

doing little or no damage. The absence of rain in Washington and Oregon was
highly favorable for harvested and thrashed grain ami for gathering hops. The
weather was f.avorablo for late corn, which was maturing rapiilly. except in por-

tions of Missouri and Illinois, where it needed sunshine and warmth. A slight

improvement was noted in cotton in the eastern jiortion of the cotton region, where
rotting and shed-liiig were on the decrease. In the central portion of the cotton

region, whereabout the same conditions prfivailod as in the pn>viou.s week, picking
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progressed as the weather permitted. Some damage resulted from heavy rains in
Arkansas. In Texas picking was well advanced. The reports indicated short top
crop in South Carolina, Georgia, Oklahoma, and Texas. Plowing and seeding fall

grain progressed rapidly in all sections exccjit New England, Pennsylvania, New
Jersey, Maryland, and Tennessee, where the work was delayed owing to dry-soil

conditions. Wheat seeding also was delayed in portions of Missouri on account
of heavy rains. Early-sown grain was coming u-p and ^rowing nicely in Indiana,
Illinois, Missouri, Nebraska, Kansas, and Oklahoma.
September 2G.—This week was one of exceptionally favorable temperature con-

ditions for the maturing of crops generally throughout the country. No frosts

were reported from the States of the central valleys, but light frosts, causing no
seriors damage, occurred in portions of New York, New Jersey, and Pennsylvania
on the 21st, Heavy rains delayed farm work in portions of the Lower Missouri and
Lower Ohio valleys, and proved injurious in the central C4ulf States, while drought
continued unbroken in portions of Minnesota. On the Pacific coast the weather
generally was favorable in Washington and Oregon, while rains ranging from
one-fourth to more than one inch fell over the greater part of northern and cen-

tral California, causing injury to raisins and un thrashed grain. Except in north-
ern Missouri, where considerable late corn needed favorable weather to mature,
the corn crop was now practically safe from frost and much had been cut. Heavy
rains in the Lower Mississippi valley damaged oi)€n cotton and interfered with
picking. Over the eastern portion of the cotton region the weather was more
favorable and picking progressed rapidly. Picking also progressed rapidly in

Texas, where the crop was reported as irregular, being good in places and poor in

others. Reports throughout the cotton belt generally indicated that the top crop
would be very inferior and in gome X'laces a total failure. The soil conditions

throughout the country east of the Rocky Mountains were highly favorable for

plowing and seeding, Minnesota being the only State in which the ground was loo

dry for this work. The reports generally indicated that fall-sown grain ger-

minated quickly and was coming up to good stands.

Oetober, IS:>S.—The month of October averaged warmer than usual in the lake

region. Upper Ohio valley, in the Atlantic coast districts, from western Texr.s to

Arizona, and along the immediate Pacific coast: colder than usual in the Gulf
States, and from the Upper Mississippi valley westward over the Rocky Mountain
region, including the eastern portion of Washington and Oregon, The month was
unusually wet throughout the central valleys and in the Atlantic coast and cast

Gulf States, while the greater part of Texas, and limited areas in the ccnti-al Gulf
and south Atlantic States, California, Oregon, southern Washington, and the
southern Rocky Mountain region received less than the usual amount. The
month was generally verj' favorable for germination and growth of fall-sown

grain throughout the country east of the Rocky Mountains, but excessive moist-

ure in the central valleys, east Gulf, and south Atlantic States interfered with
farm work and caused much damage to crops remaining in the field. On the

Pacific coast, in New England, and the middle Atlantic States the weather condi-

tions were favorable for farming interests. Generally throughout the central val-

leys and Southern States corn, both the unciit and that in shock, suffered gnat
damage from excessive rains, which caused sprouting and rotting to a great extent

and delayed husking and cribbing. Except in Texas and portions of the Carolinas,

where cotton picking had progressed satisfactorily , the month was very unfavorable
for gathering the late cotton, much of which in the central portion of the cotton belt

was greatly damaged by heavy rains. The reports generally indicated that early-

sown grain germinated quickly, made vigorous growth, and was in excelhnt con-

dition at the close of the month. In Kentucky, tobacco in barns sustaine<l injury

from the efTects of excessive moisture. The month was comparatively free from
destructive frosts, although frosts occurred as far south as northern Florida.

EXPLANATIONS OF DIAGRAMS AND TABLES.

The diagrams (figs. 129 and 1:30) illustrate the conditions of temperature and pre-

cipitation from January 1 to April 4, and sub.sequently for each seven-day period,

ending at 8 a. m. Monday, to October 10. The heavy horizontal line indicates

normal, and the solid and broken irregular lines show, respectively, the average
departures from noi'mal temperature (degrees per day) and precipitation (tenths

of inches) for the several districts, as determined from the records of Weather
Bureau stations. The number of records used in determining the average depar-

tures for each district can be ascertained from the tables which supply data from
which similar diagrams for individual stations may l)o constructeil.

The tables contain in detail the data upon which the diagrams are based, and it

is believed that the explanation of the latter, togi'ther with the column heading of

the former, render further explanation unnecessary. It should l>e borne in mind.
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however, that the temperature departure is the average daily for the periods indi-

cated in headings of both diagrams and tables, and tliat the precipitation depar-
ture is the excess or deficiency determined by a com]iarison of the total amount
for each week with the normal for the corresponding period.

Flo. 12!>. —Teinjionittiro fdocvfos F.ihr.t nnd proi-iiuf.-ition finchost doxmrt«res for the soaaon of
IWW from tlio iif.niial of iiiany yoars, r..r tli.> Mid.ll.'jiinl S<.nth AtlauticHtati'H, thoOulf ^tatoa,
the Ohio Va!loy .'ind Ti-uih'hhoo, and tlio Lako roKiou.

I
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Fio. 1.50 —Temporatiire (dogroos Fahr ) and proripitatinn (inches') departures for tho sooson of
IWIS from tho iiorniiil of many yoars, for tht- rpjjcr Jfississippi and Missouri valleys, tbo Rocky
Mountaiu region, tho North Pauitic coast, aud t'alitoruia.

1 A98- -41
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PLANT DISEASES IN THE UNITED STATES IN 1898.

The prevalence of plant diseases in the United States during isos. as shown by
reports to the Division of Vegetable Phj'siology and Pathology, has not differed

much from former years.

NORTHERN FKLITS.

Peach ye'lows. by reason of the strict niea-ures adojjted in fighting it, has been
practica \y eradicated in some districts and held in check in others. In some
sections, hovrever. it still acts as a barrier to successful peach growing.
Peach leaf curl has aga'n been widely distributed and destructive. A method

of winter spraying introduced by the Department promises to control this disease
effectually, t rnit rot of i)eaches. i)lums, and cherries has also been widely dis-

tributed and destructive. No practical method of controlling it has yet been
discovered. Two kinds of root rot of peach and plum were found to be doing
serious damage in the youth. A new disease, known as "little peach," has appeared
in Michigan and has already caused a loss of nearly .S;!0(),o(iU. The entire peach
industry of Michigan, representing nearly SIO.OOO.OUO, is threatened. Some work
on the disease is underway, but so far no definite conclusion in regard to the cause
or remedy has been reached.
Pear lilight has been unusually destructive, especially in the South. The method

of pruning out t e winter stage, or what is called "hold-over blight." has not yet
coriie iuto general use. It has been effective, however, where thoroughly tried.

VEGETABLES, COTTON, AND GRAIN.

The leaf blights of potato and the potato rot have been widely distributed and
have caused much lo.ss to growers who did not spray with Bordeniix mi.\tuj-e.

The bacterial rot of potatoes and tomatoes has also done much damage in restricted
regions. Rotation of crops and war against insects which carry the germs are the
only means of combating the trouble.

Tlie black rot of cabbage, described in Farmers" Bulletin No. G8, of the Depart-
ment, appeared in many cabbage-growing regions during the year, often causing
heavy losses. Rotation of crops, making of seed bed on uninfected soil, and
destruction of leaf-eating insects, the carriers of the disease, are the principal
means of prevention.
The watermelon wilt, caused by a fungus in the roots and stems, is still preva-

lent in the South, (irowers who adopted tlie recommendations of the Department
relative to rotation of crops were not much troubled, while others lost heavily.
A similar disease of cotton was quite generally distriViuted during the year and

caused much loss.

The prevalence of mats of grain has been about the same as in former years.
The aggregate loss from this cause alone is estimated to be over $40. (100.000 annu-
ally. The only method of controlling rusts appears to be in the direction of
obtaining resistant varieties by crossing and breeding. The loss from smuts of
grain is ajinually being reduced through the application of the hot water and
other methods of treating the seed to kill the smut spores. The present average
yield of grain will be largely increased when the smut diseases are conquered.

SOUTHERN FRUITS.

A bacterial disease of the olive known as tul)erculosis did serious damage in a
restricted area in California. No method of treatment except complete destrnc-
tion of disea.sud parts of tlie tree is yet known.
Sooty mold of the orange, thongli prevalent, did mucli le.ss damage, owing to

the methods of treatment adopted in accordance with the recommendations of tlio

Depirtment. Tlie greatest drawback to orange growing in Florida and California
is the severe injury by frosts. EHorts are being made by this Division to obtain
a hardier class of trees by hybridizing the common sweet orange with the liurdy
trifoliatf; variety.

l'inea;ii)le blight wa.s severe in many localities during the year. It appears to

be caused by a fungus, anil can in many cases be cured by cutting off the ba.se of
the jdant above the di.seased portion and transplanting. Much more work needs
to be done on this disease.

NOTES ON SOIL MOISTURE IN 1898.

Tlie j)ercentages of moisture for IN'is in (he following table {]->. (\'t4) are based on
water free soil and werea.'«'ertaiiied foradejith of from ;{ to (i inches, except at (ilen-

burnie and B<!lair, Md.; Fort Meade, Fla.; Stockton. Cal. ; and Wichita Falls, Tex.
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The results for each month are the means of daily determinations during the
month. The work was done hy the Division of Soils.

The per cent of clay is that determined in the subsoil, either in the field in which
the moisture was determined or in similar soil in the vicinity.

The letters w, f , and d in the taljle indicate the condition of the soil as wet. favor-
able, and dry. re.si)ectively. Where two letters occur together, tlie first one indi-

cates the condition for the first half of the month and the second for the last half.

The spason as a whole was favorable f(n' the majority of the places, and yet
Lexington, Ky., Oakland, Md., and Wichita Falls, Tex., are the only places at
which there was not at least a half month s drought. At Glenbnrnie, Md. , Takoma
Park, Md., Pullman, Wash., and Stockton. Cal.. the season was dry. A wet half
month at some time during the season occurs in half of the places reported.
The mean per cent of soil moisture for the season ranges from 13. (i under canta-

loupes at Glenbnrnie, Md.. to 'M\.7 under wheat at Fargo, N. Dak. The moisture
in the latter soil was a little more thuu ten times as great as in the former.
All of the early truck crops appear in the upper part of the table on soils that

have less than 5 per cent of claj' and have less than 10.3 per cent of moisture as
the mean content for the sea.son. It will be seen from this table that no corn,
wheat, oats, or grass occurs on soil having less than 18.0 per cent of clay: and
excepting wheat at Pullman. Wash., and Stockton, Cal., both of which suffered
from drought, all of these crops occur on soils that maintain a mean water con-
tent for the season of 1'2.8 per cent or more. In a general way the clay content of

the subsoil and the water content at the depth indicated increase together. There
are fluctuations in the soil moisture due to the character of the season and kind of

crop grown.
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COMPOSITION OF MILLETS AND OTHER FORAGE PLANTS.

Tlio millets are till very much alike in composition and digestibility, there
being often more variation in the forage from a single variety, cut at different
periods in the development of the plant, tnan helween samples of "dilTereut v.irieties,
pavticnhuly when (-nt at about the same stage of growth. This shows the impor-
tance of cutting at the proper time in order to obtain the richest, most palatable,
and most digestible forage.
The following tables, prepared in the Division of Agrostology, give the chemical

comiiosition and digestibility of the millets, as shown by various American analyses
and digestion experiments. No data on the digestibility of broom-corn miliet are
at present obtainable. To facilitate comparison and to furnish easily accessible
data for nse in arranging suitable feeding rations, the composition and digestibility
of a number of the most common grasses and leguminous forage crops are added'.

Acerage chemical composition of millets and otlier grasses aiul forage plants.

Varietj- and kind of forage.

Fresh or air-dry substance. Water-free substance.

9 o
-a—

o2.
9 5*

Foxtail millets:
Hungarian (bay)
Common ( nay ;

Japanese foxtail (.bay)
••Golden " (bay)
Early harve.st '

Millet straw
Common (fresb)
Japanese foxtail (fresb) ...

Hungarian (fresb )

Millet seed (variety un-
known)

Millet seed (hulled, grown
in India)

Golden wonder millet seed.
Barnyard millets:

Fresbly cut (for soiling)..

.

Hay ....

Straw
Silage
Seed

Broom-corn millets:
Japanese broom-corn mil-

let '

Silage
Hog millet seed

Some common hay and forage
grasses'
Timotby(hay)
Timothy (fresb)
Red top (bay)
Redtop (fresb)
Orchard grass (bay)
Orcbard gra.ss (fresh)
Kentucky Ijlue grass (hay).
Kentucky blue grass(frosh)
Western wbcat g: ass (hay)
Western wheat grass
(fresh)

Big blue stem (hay)
Crab grass (bay)
Corn fodder (cured)
Corn fodder (fresh)
Corn silage
Jobnson grass (bay)
Johnson grass (fresh)
Sorghum (cured)
Sorghum (fresh)
Sorghum silago

Common leguminous forage
crops:
Red clover (bay)
Rt'd clover (.fresh)

P.ct.
7.7
15.0
15.0
14.0
26.8
15.0
65.0
75.0
74.0

13.8

P. ct.

6.0
! 4.3

4.7

10.2 1.2
9.3

73.1
11.0
15.0
71.8
10.3

38.5
78.0
10.2

13.2
61.6
8.9
04.8
9.9
73.0
11.9
(i.5.1

8.1

63.2
7.8

14.3
42.2
79.3
79.1
9.6
78.8
28.6
71.4
75.0

15.3
70.8

5.1
5.8
1.7
1.5
2.1

3.4

3.0

2.0
8.9
4.6
2.8
3.1

3.7
1.8
3.3

4.4
3.1
5.2
2.3
6.0
2.0
7.1
2.8
8.6

1.7
5.7
10.3
2.7
1
"

1^4
6.5
1.9
4.0
1.7
1,6

0.2
2.1

P.ct.
27.7
28.3
30.1
25.5
26.9
a5.5
11.0
7.8
7.0

7.8

1.5
9.1

8.1
30.9
30.4
9.6
7.7

19.3
7.0
6.6

29.0
11.8
28.6
9.4

33.4
8.2
30.4
9.1

37.5

12.9
38.0
23.6
14.3
5.0
6.0

32.8
5.6
24.0
8.2
7.6

24.8
8.1

P.ct.
2.1
1.8
1.8
1.7
1.7
1.2
1.0
0.5
0.5

3.8

2.9
4.5

0.8
2 2
2;i
0.8
6.7

1.0
0.7
4.4

1.2
1.9
1.2
2.6
0.9
2.2
1.3
2.7

1.3
2.1
2.6
1.6
0.5
0.8
1.8
1.2
2.7
1.4
1.0

3.3
1.1

P.ct.
7.5
6.6
5.1
6.4
4.3
4.2
2.6
3.1
2.6

11.0

10.8
13.8

2.0
11.3
5.2
1.7
12.3

2.6
1.7

13.5

5.9
3.1
7.9
3.3
8.1
2.6
7.6
4.1
9.5

4.5
5.3
9.3
4.5
1.8
1.7
6.1
3.0
4.0
1.6
J.

4

12.3
4.4

P.ct.
49.0
44.0
43.3
45.7
35.2
38.3
18.7
13.1
13.8

61.2

73.4
60.5

14.0
35.7
43.7
13.3
60.9

P.ct.
6.5

P.ct.
30.0
33.3
35.4

P.ct.
2.3
2.1
2.1

P. ct. P. ct.

8.1 53.1
7.8 51.8
6.0 50.9

6.9

3.9

3.3

10.0
5.4
9.7
3.5

34.9 5.9
10.8 8.3
63.0 2.6

45.0
20.2
47.4
19.1
48.6
13.3
40.8
17.6
33.6

16.4
41.1
39.9
34.7
12.2
11.

43.2
9.5

36.7
15.7
12.8

.38.1

13.5

5.1
5.4
5.7
6.6
6.7
7.4
8.2
8.0
10.6

4.7
6.2
12.0
4.7
5.6
6.6
7 2
9^4
5.7
6.0
6.5

".3

36.7
41.8
31.4
31.2
26.9

2.3
1.4

2.0
1.9

4.5

6.0
4.9
7.4
8.2
10.0

12.5

4^.1
45.1
53.4
52.5
53.1

70.0

10.1

30.0
34.6
35.8
34.0
8.6

31.3
31.8
7.3

33.5
30.7
31.4
38.8
36.0
a».4
34.4
26.2
40.7

35.0
41.3
27.6
24.7
34.1
28.7
:w.3
25.6
:t4.3

28.7
31.1

29.1
27.8

4.9

3.0
2.5
2.5
3.0
6.3

1.7
3.3
5.0

3.1
2.1
3.3
2.9
3.3
3.5
3.7
3.0

3.4

sio
2.8
2.6
3.8
2.0
5.7
3.9
4.9
4.1

3.9
3.9

15.0

7.5
12.7
6.1
6.2
13.7

4.3
7.5

15.0

6.8
8.0
8.7 I

9.4

:

9.0 i

9.6
8.U
11.8
1U.4

12.2
,

5.8
,

10.8
7.8
8.8
8.2
6.7
14.8
5.7
5.6

;

5.8

14.5
1.5.3

66.7

53.0
40.3
50.2
47.1
67.9

50.8
49.1
70.1

51.7
53.8
52.1
5:J.9

4.5.4

49.3
46.3
50.3
3ti:3

44.7
44.5
44(6
6<l. 1

u8.U
•53. 7

47.8
44.4
50.4
54.8
53.5

45.2
45.8

' Partially cured. Analyses of these .ind of silago of both Iwrnyard and broom-corn millets
furnished by Dr. J. B. Lindsey of the Massachusetts (.Ilatcb) Exp.riment Station.
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Arcrdije chemical oomjwsitioii of millits aud other (jrasnes a n<J forage j)lants—
Continued.

Variety and kind of forage.

Fresh or air-dry substance.

Common IcRtiminous forage
|

crops—Continued. P.rt.

Crimson clover (hay>
|

9.6
Crimson clover (fresh i , 80. !»

Alfalfa (hav) 8.4

Alfalfa (fresh)
!

71.8

Cowjiea ( hav ) ,
10.

7

Cowpea (fresh) i
f«-6

.Soy bean (hay) 11-3

Soy bean ( fresh )
j

75.1

Jcipan clover (hay ) !
13.8

.Spring vetch ( hay )
|

8.

8

Spring vetch (fresh) i
81.0

P. ft.

8.6
1.7
7.4
3.7
7.5
1.7
7.3
2.6
12.8
4. .3

1.8

\P.ct.\P.cf. P.ct
27.2 2.8 15.3

0.7
,

2.2 :

1.0 1

2.9
0.4
5.2
1.0
3.5

3.2,
0.7

5.2
5.5.0

7.4
20.1
4.8

33.3
6.7
25.5
34.6
3.0

3.1
14.3
4.8
16.6
2.4

1.5.4

4.0
13.8
18.3
4.5

ag

P.ct.
36.6
8.4
43.7
13.3
42.3
7.1

;w.6
10.6
30.6
40.8
8.5

Water- free substance.

P.ct. P.ct.
9.5 ' 30.1
8.9 27.2

1

9.4
8.5
10.5
8.1
10.5
14.7
4.7

27.3
26.2
22.5
29.5
25.1
26.9
30.3
27.0
18.3

P ct. P. ct.

3.1
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METHODS OF CONTROLLING INJURIOUS INSECTS.

[Tho following reuiodies for important inst-cts and rtircrtions for tho iirr-paration of inf<e<*tl-

cides aro contributed by the Entomologist. The sjiecies niark«-d wit*) an asterisk i * i have train. 'd

entrance into America from foreign countries and represent twentyei^lit out of the sixtytljreo
species listed. The origin of those preceded with an interrogation point is in doubt.]

REMEDIES FOR IMPORTANT INSECTS.

*Angoumols GRAIN MOTH {Sitotroga cerealella Oliv.). Prompt thrashing of grain
after tiarvesting; bisulphide of carbon in bins and granarie?s: storage in bulk.

?Apple-root PbANT-LOUSE (Scldzoiu'ura lani(forfi Hausin. ). Kerosene emulsion
under and above ground; scalding water poured freely about roots; bisulpliide

of carbon under ground about roots; powdered tobacco or ashes incorporated in

the soil.

Apple-tree borer, flat-headed {ChryftobotJiris feniontta Fab.). Painting
trunk and larger branches in June with strong soap solution, wa.shing soda, or
mixture of whitewash and Paris green.

?Army worm {Leucania unipuncta Haw.). Burning over fields in winter; ditch-

ing: Paris green.
*AsPARAGUS beetle, COMMON {CHoceris (isparaqi Linn.). Promi)t marketing

of all canes; trap plants; dusting with lime or arsenical mixtures; jarring larvae

to ground on hot days, especially if soil be sandy.
*Bean weevil, COMMON {Bvuclius obtectus iSay). Treating with bisulphide of

carbon in air-tight vessels.

*Black scale {Lecauium olece Barn.). Kerosene emulsion on young scale or

treatment with hydrocyanic acid gas.

Blister beetles {Epicautu vittata Fab., E. cinerea Lee, E. pennsylvanica DeG.,
Macrobasia unicolor Kb.). Arsenicals, 1 pound to 100 gallons of water.

Boll WORM. (See Corn ear worm.

)

Buffalo gnat {Siinulimn peciiarum Riley). Smudges; oil, grease, etc., applied

to stock.
*Cabbage bug. Harlequin (Murgantia histrionica Hahn). Spring collecting

from trap mustard; hand picking.
*Cabbage WORMS {Pieris rapxe Sch., Plutella cruciferarum Zell., Plnsia brassicce

Riley). Pyrethrum; kerosene emulsion; Paris green dry, with flour or lime

—

1 part of the poison in 50 to 100 of the diluent.

Cankerworm, Spring {Palcacrita vernata Peck). Arsenical mixtures in spray;

trapping female moth in oil troughs or tar bands about trunks of trees.

*Carpet "beetle, or " Buffalo moth" (Antlirenus scrophulurici; L.). Benzine;

hot ironing of carpets over damp cloth; killing by steam.
Chinch bug (BUssits leucojitcrusiiay). Burning wild grass land and all rubbish

in early winter; kerosene emulsion; contagious disease; trap crops; ditching.

PClotiies moth, Southern (Tinea biscllivlla Hum.). Brushing and airing; ben-

zine; naphthalene; packing in bags of paper or cotton cloth; cold storage.

*CocKROACH, German; Croton bug (Phi/llodroiiiia genndnu-a L.). Pyrethrum
or buhach; bisulphide of carbon in tight rooms or compartments away from fire.

*C()DL1NG MOTH; Apple worm {Cavpucapna j)<)mon<ina Linn.). Arsenicals; first

application as soon as blossoms fall; second, one week later, before the calyx
closes and the fruit turns down on the stem; trapping larva? by applymg bands
to the tree; prompt destruction of infested fallen fruit.

*CoTTON WORM (Aletiu xijUna Say). Paris green dusted on as dry powder.
Corn root-worm, Western (Diabrotica lungicomis Say). Rotation of corn
with oats or other crop.

*CoRN STALK BORER, LARGER {Diatrcvci sdccharalis F.). Plowing under or burn-
ing stubble.

?C'.)RN EAR worm: Bolt- WORM {Hcliothis armigrr Hbn.). Lato fall plowing;
poisoned baits; for cotton, planting corn as trap crop.

*CuRiiANT WORM, i.MPoRTED {JS'eviutus vibesH Scop.). Hellebore, 1 ounce to 2

gallons water, in spray.
Cucumber beetle, Stiuped [Diabi-ofica vitfata Fab.). Protecting young plants

with netting; arsenicals.

Cutworms (Agrotis, Leucania. Mamestra, Hadena, Nephelodes. etc.1. Distribu-

tion of poisoned green bait; late fall plowing; burning waste tracts and rubbish.

*Elm leaf-beetle. Imported {GaleruceUa Inteola Miill.). Arsenicals. I pound to

100 gallons water, as soon as beetles appear and later for larvip.

Flea-'heetle, Striped {Phyllafrcta vittata Fab. ) . Kerosene emulsion: arsenicals.

*Fluted scale (Icen/a pi'nvhasi Mask.). Introduction of it^ ladybird enemy,
Noriiis cardinaUs; hydrocyanic-acid gas treatment: soap, 1 pound to ',* gallons

hot water.

1 a08 43



658 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

Fri'IT-tuee BARK-PEETLE (.9'co////».s ?^fr7)»^().s».s Ratz.). Bumuig trap ti-ees and
infested trees at any time, but preferably in winter.

*Gkain' weevils (Calandra yranaria Linn.,C. oryza Linn.)- Bisulphide of car-

bon in bins and granaries; storage in large bulk.

Grape rnYLi.oxERA (Pfv/llo.n'ra vastdtrix Planch.). Submersion; bisulphide of

carbon, kerosene emulsion, or resin compound about roots; use of resistant

stofks.
Gratevixe LEAF-HOPPER {Erythroneura vitis Harr.). Spraying with kerosene
emulsion in early morning; catching on tarred shield; cleaumg up all leaves and
rubbish in fall.

* Gipsy moth (Oeneria dii^por L.). Spraying with arsenicals; hand collecting of

cocoons and eggs; oiling egg masses; trapping larvjp.

*Hessiax fly (C'ecidomijia destructor Say). Late planting; selection of wheat
less subject to attack; rolling; pasturing to sheep; rotation of crops.

*Hop PLANT-LOUSE {Phorodoii hiunuU Schr.). Destroying all wild plum trees in

vicinity; spraying others in fall or spring with strong kerosene emulsion; spray-

ing vines with kerosene emulsion or fish-oil soap; destroying vines after hops
are picked.

*HoRX Fly (Hcematobia scrrata R.-D.). Application of strong- smelling greases

and oils to cattle, or of lime or plaster to dung.
LocrsT. California devastating {Melanoplus devastator Scudd. ). Poisoned

bait of bran, sugar, and arsenic.

Locust. Rocky Mountain {Metanophia sprctna Thos.). Catching with hopper-
dozers; ditching; burning; rolling; plowing under of eggs.

Ox hot {Hypoderma lineata Vill.). Strong-smelling fats and oils applied to

cattle.
*O YSTER-SHELL BARK-LOUSE ( MytUaspis pomorum Bouche) . Kerosene emulsion

;

strong soap or alkali washes.
Peach-tree eorer {Saimina exitiosa Say). Cutting out the larvje or scalding

thein with hot water in late autumn or early spring; painting trunk with irsen-

icals in thick whitewash; wrapping trunk with grass, paper, etc.

*Peak-trke psylla {Ptiylld j)yricolaF6rst.). Kerosene emulsion: First, a winter
application diluted seven times; second, in spring as soon as leaves are unfolded,

diluted nine times.
Pear-tree slug (Erincamjwidea limacina King.). Hellebore, 1 ounce to '2 gallons

water in a spray; whale-oil soap, 12 pounds to 50 gallons water; arsenicals.
"•• Pea weevil ( Bruchus phiorum Linn. ) . Keeping seed over to second year; bisul-

phide of carbon in tight vessels.

Plum curculio {Conotrachclas nenuphar Herbst). Arsenical spray: First, after

the bloom falls or as .soon as foliage starts; second, a week or ten days after the

last; collection of adults from trees by jarring.

Potato beetle, Colorado {Doryphora decemlineata Say). Arsenicals, 1 pound
to ] 00 gallons of water.

* Purple scale of the orange (Myiilaspis citricola Pack.). Kerosene emul-
sion, applied immediately after appearance of new brood.

Rose-chafer (Marrodactylus subspiuosus Fab.). Planting spiraeas, etc.. as trap

plants, and collecting beetles in special pans; arsenicals; bagging grapes.

*San Jose scale (A.spidiotus periticioaus Comst.). Soap wash (2 pounds to the

gallon) as soon as leaves fall in autumn; in warm, dry climate, winter resin

wash; fumigation with hydrocyanic acid gas.
* Screw worm (C'tnnjisoniyia viacellnrid. Fixh.). Prompt burning or burying of

de:id animals; smearing wounds with fish oil; washing witli carbolic acid.

SyUASH-viNE BORER (Mrliltiu ccto Wcstvv.). Planting early suninuT scinashes

to be destroyed; late planting of main crop; destruction of all vines attacked as

soon as crop can bo gathered; collecting motlis.

SvUAsH 7;u(J (Atiiisii tristiu'Dii (i.). Early burning of vinos and all rubbish in

fall; biweekly collection of eggs; trap])ing under shijigles.

Strawijeury yvKKWU (AiitlidUoiiniK sicjiKitiisi^ay). Trap cro))S; protecting beds

witii cloth covering; using staminate varieties as fertilizers only and as few
plants of the former as necessary; spraying with Paris green and Bordeaux
mixture.

*.Su(iAK-CANE BORER {Dintra'd snceharalin Fab.). Burning trash and laying

down seed cane under ground.
Wur.woRM. Fall (Ilypluiutrid vuuvn Dr.). Prompt removal and destruction of

webs and larvjp; arsenical spraying.
Wheat lsosoma (himnnd <irtiudv liWcy). Burning .stubble: rotation of crops.
* VV'UEAT PLANT-LOUSE {iHphvHuphora aventc Fab.). Rotation of crops.
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White grubs; June beetles (Lachnostema bpi>.). Lnring the beetles by lights
over tubs into water with skim of keroseue. Aj^ainst larvie: Kerosene tmul-
sion; liberal use of potash fertilizers; collecting after the ])]ow,

WiHKWOUMS (Drdslcriiisclcf/ans Fab.. Melanotns Jis'silis Hay, and Agriotes ajip.).

Fall plowing; poisoned baits; rotation of crops.

PREPARATION AND USE OF INSECTICIDES.

ARSENICALS: PaUIS GREEN', SCHEELE'S GREEX, AND LOXDOX PURPLE.—These
three arsenicals practically take the i)lace of all other insecticides for biting and
gnawing insects living or feeding on the exterior of plants.
Paris green is a very fine crystalline powder, comjjosed of arsenic, copper, and

acetic acid, and costs about 20 cents a pound.
Scheele's green is similar to Paris green in color, and differs from it only in lack-

ing acetic acid. It is a finer powder, more easily kept in susi>en3iun, and costs
only about one-half as much per pound.
London purple is a waste product, containing chieflj' arsenic and lime. It is not

as effective as the green poisons and more apt to scald foliage. It costs about 10
cents a pound.
These ar.senicals may be used as follows:
The wet method.—Mal-;e into a thin paint in a small quantity of water, adding

powdered or quicklime equal to the amount of poison used. Strain the mixture
into the spray tank. Use the poison at the rate of a pound of dry powder in
from 100 to 200 gallons of water. The stronger mixtures are for resistant foliage,
such as that of the potato, and the weaker for sensitive foliage, such as that of the
peach and plum.
The dry vieihod.—It is ordinarily advisable to use the poison in the form of a

spray, but in the case of cotton and some other low crops it may be dusted on the
plants. Make the application preferably in early morning or late evening, when
the dew is on, to enable the poison to better alhere to the plant. In cotton fields
the powder is usually dusted over the plants from bags fastened to each end of a
pole, which is carried on horse or mule back. The motion of the animal is suffi-

cient to cause the distribution over the foliage. Garden vegetables may be dusted
by hand from bags or powder bellows. For vegetables which are soon to be used
as food, mix the poison with 100 times its weight of flour or lime, and apply
merely enough to show evenly over the surface.
Fruit trees should never be spraj-ed when in bloom, on account of the liability

of poisoning honeybees or other insects useful as cross fertilizers.

Arsenate of lead.—The advantages of this arsenical are that it shows plainly
on the leaves, indicating at once which have been sprayed; remains much more
easily suspended in water, and may be used in large proportions without danger
to foliage. For sensitive foliage, or where no risk of scalding may be taken, it

will prove useful.
It is prepared by combining, approximately, 3 parts arsenate of soda with 7 parts

acetate of lead. From 1 to 10 pounds arsenate of lead are used with MO gallons
of water, 2 quarts of glucose being added to cause it to adhere better to the leaves.
From 2 to 5 ])ound8 will answer for most larvae. The arsenate of lead costs 7 cents
a pound wholesale, and glucose ijilG a barrel.
Arsenic bait.—It is not always practicable to apply poison directly to plant*?,

and in such cases the use of poison bait is valuable, particularly for cutworms,
wirewornis, and grasshoppers or locusts.
Brau-arsenic bait.—This is made by combining 1 part by weight of white arsenic.

1 of sugar, and 6 of bran, to which enough water is added to make a wet masli.
For grasshopi)ers or locusts, place a tablespoonful at the base of each tree or vme.
or lay a line of it at the head of the advancing army, placing a tablespoonful every
to 8 feet, and following this up with another line in front of the first. For bait-

ing cutworms, distribute the mash in small lots over th'^ infe.sted territory.
Green bait.—For the destruction of cutworms and wireworms. use preferably

poisoned green succulent vegetation, such as freshly cut clover, distributing it in
small bunches about the Infested fi(ilds. The bunches of green vegetation should
be dipped in a strong solution of arsenicals, and prevented from rapid drying by
being covered with stones or boards. Renew as otten as the bait l>e>'onies dry.

In the use of poisoned bait care must be exercised against its being eaten by
domestic animals.
Carbon bisulphide.—This substance, used in tight receptacles, is the cheapest

and most effective remedy for all in.sects affecting stored food and seed material,
natural-history specimens, etc., and is one of the best means against insects affect-
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in£? the roots of plants in loose soils. It is a colorless liquid, with an offensive

odor, which soon passes oflE. It readily volatilizes, and is deadly to insect life.

The vapor is highly iutiauimable and explosive, and should be carefully ke^ t from
fire, even a lighted cigar in its proximity being a source of dangc r. Wholesale,

it costs 10 cents a pound: retail, of druggists. 25 to oO cuts a pound.

For root lice of grape, apple, etc., put one-half ounce of bisuphide into holes

about plants 10 to 16 inches deep, U feet apart, and not closer to trunk than-l

foot. Alake the holes with iron rod and close with foot, or use hand injectors.

For root maggots, put a teaspoonful into a hole 2 or :J inches from the plant and
clo.«5e immediately. For ant nests, pour an ounce of the licjuid into each of .several

holes in the nests; close the opening with the foot or cover with a wet blanket for

ten minntes. and then explode the vapor at mouth of holes with torch.

For stored-grain insects, distribute in shallow dishes over the bins: with open
bins, cover with oilcloth or blankets to retain the vapor. Keep bins or buildiiigr,

closed for from twenty-four to thirty-six hours; then air them well. Disinfect

infested grain in small bins before placing in large masses for long storage.

The bisulphide is applied at the rate of 1 pound to the ton of grain.

Hydrocyanic acid gas.—This substance is chiefly used to destroy scale insects

on fruit trees and nursery stock. The treatment consists in inclosing the tree or

nursery stock with a tent and filling the latter with the poisonous gas.

The tents should be of blue or brown drilling, or 8-ounce duck, painted or oiled

to make air-tight. The tent may be placed over small trees by hand find over
large trees with a tripod or derrick. A tent and derrick for medium-sized trees

cost from $13 to S~5: for a tree -iO feet tall by 60 feet in circumference, about $c.o.

For nursery stock, in place of a tent it is often more economical to provide
fumigating boxes or small fumigating houses.

Refined potassium cyanide (98 per cent pure), commercial sulphuric acid, and
water are used in generating the gas, the proportions being from two thirds to 1

ounce, by weight, of the cyanide, slightly more than 1 fluid oimce of acid, and 3

fluid ounces of water to every 150 cubic feet of space inclosed.

Place the generator (any glazed earthenware vessel of 1 or 2 gallons' capacity)

on the ground within the tent, and add the water, acid, and cyanide (the latter in

large lumps) in the order named. The treatment should continue forty minutes.
Bright, hot sunlight is apt to cause injury to foliage, and with trees in leaf, fumi-
gation should only be practiced on cloudy days or at night. One series of tents

will answer for a county or large community of fruit growers.
Kkuosenk.—Kerosene, or coal oil, is occasionally used directly against insects,

although its important insecticide use is in combination with soap or milk emul-
sion. Under exceptional conditions it may be sprayed directly on living plants,

and it has been so used in the growing season without injurv. Ordinarily, how-
ever, when applied even in the dormant season on leafless plants, it is liable to do
serious injury or to kill the plant outright. It is now being iised to a certain

extent mechanically combined with water in the act of spraying, and is less harm-
ful in this way than when used pure, as it is broken up more finely and somewhat
distributed. In this way it maybe often safely a])plied to growing ]ilaiits at a
strength of Ht to -ii) per cent of oil. But the danger from its use on tender plants

is not altogether avoided by this method. Many insects which can not be destroyed

by ordinary insecticides may be killed by jarring them from the plants into jiaiis

of water on which a little kerosene is floating, or they may bo shaken from the

plants upon cloth or screens saturated with kerosene.

For the mos(iuito, kerosene has proved a very eflticient jireventive. Ap]>lied, at

the rate of an ounce to 15 square feet, to the surface of .^imall ponds or stagnant
water in which mosquitoes are breeding, it forms a uniform film over the water
and destroys all forms of aquatic insects, including the larva* of the mosciuito and
the adult females whicli come to the surface of the water to deposit their eggs.

Tlie application retains its efiiciency for several weeks.
Ki;i{osi;.NK, KMiLsiDNS.—The kerosene emulsions apply to all such ancking

in.MM-ts as plant bugs, ])1ant lice, scale insects, thrips, and plant mites, and to such
biting insects as can not be safely jioisoned.

.S(/a/) /<>;»( ('/(».— Kerosene, 2 gallons; whale-oil soap (or 1 quart soft soap). 1 to 2

l»ounds: water, 1 gallon.

Dissolve the .soap in water by boiling, and add boiling hot. away from the fire,

to the kerosene. Agitate violently for five minntes by i)nnqting the lupiid back
upon itself with a force i)unip and direct-di.scharge no/zle throwing a strong

stream, preferably one-eighth inch in diameter. The mixture will have incrrjised

about one-thirtl in liulk. and assumed the consistency of cresim. Well made, the

emulsion should keep indefinitely, and shouhl be diluted only as wanted for use.

In limestone or hard-water regions " break'' the water with lye lieforo using to
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make or dilute the emulsion, or use rainwater. Better than either, use the milk
emulsion, with which the character of tlie water does not affect the result.

Milk fonitnla.—Kerosene, 2 gallons; milk (sour), 1 gallon.

Heating is unnecessary; churn as in the former case for three to five minutes,
or until a thick, buttery consistency results. Prepare the milk emulsion from
time to time tor immediate use, unless it can be stored in air-tight jars; otherwise
it will soon ferment and spoil.

How to tise tlie ciniilsions.—For summer applications for most plant lice and
other soft-V)odied insects, dilute with 1") to ','0 parts of water: for the red sjiider and
other plant mites, the same, with the addition of 1 ounce of powdered sulphur to

the gallon; for scale insects, the larger plant bugs, larvie and beetles, dilute with
7 to !) parts water.
For subterranean insects, such as root lice, root maggots, '• white grubs." etc.,

use either kerosene emulsion or resin wash, wetting the soil to the depth of 2 to 3

inches, and follow with copious waterings, unless in rainy season.

Oils: Fish oil, train oil, and cotton-seed oil.—These are sometimes used
on domestic animals to rid them of vermin, and fish oil is one of the best-known
repellents for the horn fly, buffalo gnat, and ox bot fly. Any of these oils or any
grease, the more strong smelling the better, thinly smeared on animals at the

points of attack by flies, will afford great protection. The^' are also valuable

against lice aff'ecting live stock, but must be used carefully, or they may cause the

hair to fall off.

Pyrethrum, or insect powder.—This insecticide is sold under the names of

bnhach and Persian insect powder.
It acts on insects externally, through their breathing pores, and is fatal to many

forms. It is not poisonous to man or the higher animals, and hence may be used
where poisons would be objectionable. Its chief value is against household pests,

such as roaches, flies, and ants, and in greenhouses, conservatories, and small

gardens, where the use of poisons would be inadvisable.

It is used as a dry powder, pure or diluted with flour, when it may be puffed

about rooms or wherever insects may occur. When used on plants, it is iirefera-

l)ly applied in the evening. As a preventive, and also as a remedy for the mos-
quito burning the powder in a tent or room will give satisfactory results. It may
also be used as a spray, at the rate of 1 ounce to 3 gallons of water, but in this

case should be mixed up some twenty-four hours before being applied. For
immediate use a decoction may be prepared by boiling in water from five to ten

minutes.
Resin wash.—This is valuable for scale insects wherever the occurrence of

comparatively rainless seasons insures the continuance of the wash on the ti"ees

for a considerable period, and as winter washes iia very mild climates, as southern
California, or wherever the multiplication of the insect continues almost without
interruption throughout the year.

Formula for resin trash.

Resin - pounds.. 20
( 'austic soda (70 per cent) . do 5

Fish oil pints-- 2i

Water to make gallons-

.

100

Ordinary commercial resin is used, and the soda is that put up for soap estab-

li.shments in large 200-pound drums. Smaller (juantities may be obtained at soap
factories, or the granulated caustic soda (!1N per cent) used, '.i\ i)onnds of the latter

being the equivalent of 5 pounds of the former. Place these substances with the

oil in the kettle, with water to cover them to a depth of ;{ or 4 inches. R^il from
one to two hours, occasionally adding water, until the compound resembles very
strong black coffee. Dihite to one-third the final bulk with hot water or with
cold water added slowly over the fire, making a stock mi.xture, to be diluted to the

full amount as used. When sprayed, the mi.xture should be perfectly fluid and
without sediment, and should any api)ear in the stock mixture reheating should
be resorted to. For a winter wash dilute one-third or one-half less.

Soaps as insecticides.—Any good soap is effective in destroying soft-bodied

insects, such as plant lice and young or soft-bodied larvie. The soaps maile of fish

oil. and sold under the name of whale-oil soaps, are especially valuable. For jilant

lice and delicate ]arv;p. such as the pear slug and others, a strength obtained by
dissolving half a pound of soap in a gallon of water is sufficient. Soft soap will

answer as well as hard, but at least double (luantity should bo taken.

As winter washes, the fish-oil 8oai)s have proved the most effective means of

destroying certain scale insects, and have been of especial s.-rvice against the very
resistant San Jose scale.
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For winter applications, use the soap at the rate of 3 pounds to a gallon of water,

inakintr the application with a spray pump as soon as the leaves fall in the autumn,
repeating, if necessarj', in spring before the buds unfold.

Siil]>liiir,— Flowers of sulphur is one of the l)est remedies for plant mites, such as

the "red spider." six-spotted orange mite, rust mite oftheorange fruit, etc. Applied
at the rate of 1 ounce to a gallon of water, or mixed with some other insecticide,

such as kerosi'ue emulsion, it is a very effective remedy. For tlie rust mite, sprink-

ling the i)Owdered sulphur about under the trees is sometimes sufficient to keep
the fruit bright. Sulphur is often used to rid poultry houses of vermin, and when
fed to cattle is said to be a good means of ridding them of lice; or it may be mixed
with grease, oil. etc., and rubbed into the skin.

BisiiljtJiidf of //j»r.—This chemical is even better than sulphur as a remedy for

mites: as itds a li<iuid, it can be diluted easily to any extent. It can be made very

cheaply by l)oiling together in a small quantity of water ecjual parts of lime and
flowers of sulphur. For mites, take o pounds of sulphur and o of lime, and boil

in a small quantitv of water until both are dissolved and a brownish liquid results.

Dilute to lUO gallons.

MEASUREMENT OF STANDING TREES.

There are several methods of determining the height of a standing tree. The
simplest i.i to measure the shadow of the tree and the shadow of a straight po^e of

known length set perpendicular to the earth. Multiply the length of the shadow

-D

y'/^:

s ''

PlO. 131. •iRht of ft troc by moftns of two i'

of tho tree by tlie length of the polo and divide the product by the length of the

shadow of the jwle. The (juotient will bo the hfight of the tree. A method to bo

used when the sun is not shining is to sot two poles in a lino with the tree (tig. 131 ).
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From a point on one pole sij^ht across the other pole to points at the base and the
top of the tree. Let an assistant note the points where the lines of vision cross
the other pole and measure the distance between them. Also measure the dis-

/ -^^cm

Fig. 1:5;'.—Measuring the height of ii tree V)y moans of a right-angled isosceles triangle.

tances from thn point of sighting to the j>oint at the base of the tree and to the

lowest point on the other pole. Multiply the first distance bjMlie longer of the

other two and divide by the shorter, the quotient will be the height of the tree.

Fui. KW. —Motbud by use of kiiuwn height to eye of ol)server.

Example- Let a?)=(); S^= 4: and SB^30; then —^j' =15. height of tree.

A ([uicker way is with an isosceles right triangle made of pasteboard. The
observer stands on the same level with the tree, places the triangle as tshown in
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fii?. \'y2, taking caro that the ])lumb line touches the edge of the triangle evenly,

jfove backward or forward so that the line of sight along the longer sire of the

triangle just touches the "tiptop" of the tree. Measure the distance from the

observer's standpoint to the base of the tree and add the distance from his eye to

the ground, the sum will be the height of the tree.

Another way much used is as follows: Walk on level ground to a distance from
the foot of the tree or object about equal to its presumed height. Lie on your back
on the ground, stretched at full length (fig. VSS). Let an assistant note on a per-

pendicular stiiff at your feet the exact point where your line of vision to the top

of the object crosses the staff. Measure the height of this from the ground BC,
and vour own height to your eyes AB. Then as AB : BU : : AD : DE.

5 X 60
Example: Let AB=6; BC=5; AD=GO; then -g—=50, height of tree.

The measureTnent of the diameter of a tree necessary to reckon approximately
its volume is made with a pair of calipers. The form of these is shown in fig. l-'A.

The two arms AC and ED should he ac-

curately parallel at the moment of measur-
ing. The diameter is usually metisured
above the swelling of the base. The cal-

ipers are usuall}' placed breast-high, so

that the graduated rule BA and the im-
movable arm AC touch the trunk of the
tree, the rule l>eing at right angles with the
axis of the tree at the point of measure-
ment. The arm ED is then moved along
the rule until it touches the trunk and the
diameter can be read on the rule. The
diameter can also be obtained by measur-
ing the circumference of the tree with a
tapeline and dividing the number thusoh-
tainedbyy.H. With the diameter known,

the volume in cubic feet may be roughly reckoned by multiplying the scjuare of

half the diameter by li.li and multiplying the product thus obtained by half the
height of the tree.

RATE OF GROWTH OF TREES.

The following tables furnish some interesting data regarding the rate of growth
in height and diameter of several important commercial trees:

Rate of (jroicth in hci(jht.

Fig. 134. -Calipers for measuring the diam-
eter of trees.

Age.

10 years.
2J years.
3<) years.
40 years

.

50 years

.

60 years.
70 years.
80 years

.

W years,
loo years.
110 years.
WJ years

.

"White
Pine
(Penn-
sylvania
aiid New
York).>

Feet.

2.5.8

.3ti..5

46
5.5.8

m.A
65.

5

70.

5

74.5
78.5
82

Lone-
leaf Pine
(South-
ern

States)."

Khort-
leaf Pine
(New

Jersey).*

Feet. Feet.

24
SJ
41

47.5
5:j

.57.5

01.5
04.5
07
0»

Short- Cuban
leaf Pine Pine
(South- (South-
ern ern

States)." States)."

Loblolly
Pine

(South-
ern

States)."

Feet. Feet.
20
45

(5

Kt
89
IKi

no
111)

101

KB
1U6

Feet.
18
37
.50

01

70
78
85
M)
»5
1)8

100
1U2

Douglas
Sprure
(Ore-
gon).'

Wliite
C<-<lar
(Now

Jersey).

Feet.
10
:$i

57
70
!»2

KW
l-'O

132

Feet.

11

21

a2
4<».5

4.S

.5t.5

m

' Figuros obtaiuffl by Oiffonl Pinclmt and Henry S. Orave.s.
' KigureH obtained by Dr. Cliarles Mohr.
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Rate of grotcth in diameter.
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LEGAL STANDARDS FOR DAIRY PRODUCTS, 1898.

Tho followiiiii: table shows the requirements for articles sold under the names
specified. States not named have no law.-^ prescribing standards for dairy iiroducts.

[Prepared by Dairy Division, B. A. I.]

States.
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DETERMINATION OF AGE BY TEETH IN DOMESTIC ANIMALS."

Hoise.—The horse has 2i temporary teeth. The iiia'o has 40 peniiaiunt teeth;

the female oG or 40. The smaller number is more usual in females, due to the lack
of the tusks. The temporary teeth consist of 12 incisors and Vi molars; the 4
center front teeth. 2 above and 2 helovv, are called pinchers: the next 4 are tailed

intermediate or lateral, and the next 4 corner teeth. The pennaneiit te* ih con-ist

of 12 incisors, 4 tusks, and 24 molars. The dental star is a yellowish rinj^ jjipcar-

in{? next the enamel on the table or crown of the tooth. The following table shows
approximately the changes of the teeth with age:

8 to 10 days: Temporary pinchers and .3 molars cut.

40 to GO days: Temporary intermediates or laterals cut.

C to 9 months: Temporary corner teeth cut.

1!) to 2.) months: Leveling of temporary corner teeth.

2i to H years: Pinchers replaced by permanent teeth.

3i to 4 years: Intermediates or laterals replaced.

4 to 4A years: Tusks cut.

4i to 5 years: Corner teeth replaced.

5 to 6 j'ears: Leveling of lower pinchers.

7 years: Leveling of permanent intermediate.
8 years: Dental star and notches in pinchers.

9 years: Dental star in intermediates.
10 years: Dental star in corner teeth.

Cattle.—Cattle have 20 temporary and -ji permanent teeth. The temporary are
8 incisors in the lower jaw and 12 molars. The permanent teeth are 8 incisors and
24 molars. Cattle have no incisors ia the upper jaw. The table for cattle is as
follows:

At birth: Temporary incisors appear.
5 to <i months: Teeth decayed on border.

G to 7 months: Leveling of pinchers.

12 months: Leveling of first intermediates.
15 montlis: Leveling of the second intermediates.

18 months: Intermediate incisoz's become stumps.
2 years: Permanent pinchers cut.

2i to 3 years: Permanent first intermediates cut.

3A years: Second intermediates or laterals cut.

4 years: Corner teeth replaced.

5 to 6 years: Leveling of permanent pinchers.

7 years: Leveling of first intermediates.

8 years: Leveling of second intermediates.

9 years: Leveling of corner teeth.

10 to 12 years: Dental star in pinchers and intermediates.

13 j-ears: Dental star in corner teeth.

,S'/(ee;j.—Sheep have 20 temporary and 32 permanent teeth.

The table for changes is as follows:

1 month: Milk incisors appear.
3 montlis: Milk incisors decayed on border.
l.~) months: Permanent incisors cut.

2 years: First permaneiit intermediates cut.

33 months: Second pei'uianent intermediates cut.

40 months: Corner teeth cut.

Hor/s.—Hogs have 28 temporary and 44 permanent teeth.

The table for changes is as follows:

At birth: Temporary corner incisors cut.

1 to 2 months: Temporary central incisors cut.

3 months: Temporary lateral incisors cut.

9 to 12 months: Permanent corner incisors cut.

12 to 15 months: Permanent central incisors cut.

18 to 20 months: Permanent lateral incisors cut.

'Exact correspondence of the condition of an animal's teeth with its age is. of

course, not to be expected. It is only hoped that the tables here given, and
approved by the Bureau of Animal Industry, will aid in forming a reasonably

accurate opinion in any actual case.
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WEATHER BUREAU SIGNALS,

The foUowin.c? illnstratinns (fig. 13.')) show how flajjs are used in the weather
service to convey intormation of forecasts. They are self-explanatory.

Fair: stationary tern- R.iin or snow: station- Local rain or snow;
peratiire. ary temperature. statif)nary tempera-

ture.

Cold wave.

Fair; warmer. Fair; colder. Rain or snow: warmer. Rain or snow; colder.

Local rain or snow; warmer. Local rain or snow; colder.

Fifi. 135.—Temperature and rainfall signals.

Recent extension of the publication of United States W(>athcr forecasts has been
largely through cooperation with tlie i)ost-oflices of the country. An arrange-
ment was made in IfSK.") Ijy which daily telegraph reports of weather forecasts

bei^an to bo sent to postmasters at distributing othces. The forecasts were Ixil-

letined in these offices and sent out by cards to outlying pdst-ottices. This plan
has been taken up extensively by jiostinasters and weather forecasts are now sent

to several hundred post-ofHces that are reached by wire.

Weather forecasts can be oi tained anywhere that wires run by payment for

transmission of dispatches and for material for signaling or other method of

aiinovincement. Where evidence is supplied that valueof the service to the public
will warrant the exi)ense, flags will be suiiplicil and teli'graph service pad for by
the Weather Bureau. Where such an extension of the serviie is desired a letter

should be addressed to the Cliief of the Weatlier IJureau in Washington or to the

chiff office of tlu* section in which \\\e new station is desired, and each case will

be considered and disposed of on its merits.
Another method of supplying infoniiation as to weather probabilities is by

means of whistle signals. ( )ne long wliistle. hfleen to t\V(>nty seconds, c.ills atten-

tion to the fact that a weatlier .'signal is about to be given. Then very short blasts,

one to three seconds each, indicate the probable cliange in temperature; while a
series of longer whistles., four to six seconds each, tell whether it will be fair or
" falling " weather. One short blast means colder; two, wanner; three, cold wave.
One long blast means fair weather; two, rain or snow tiiree, local rain or snow.
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By repeating each combination a few times at intervals of ten seconds possibility

of cii'or from failure to hear the warning signal or other cause may be avoided.

A system of whistle signals is in use at present by the Florida (Jentral Railroad
through the truck-growing section of that State. It has been found to be very
useful in giving warning of cold waves and frosts.

Warnings of wind storms are given on the sea coast and on the Gulf and the

Great Lakes. The i)rincipal ports have a special service of this kind, and from
these ports annoimcements are sent to minor stations in the vicinity. Practically

tiiere are no volunteer stations in the service. Displaymen are in the employ of

the Weather Bureau, except in a few cases where they are connected with the

Light-House and Life-Saving services under the Treasury Department. The
following illustrations (fig. 1;>G) show the warnings given by these flags:

Storm with north-
easterly winds;
storm f-enter ap-
proaching.

Storm with south-
easterly winds;
storm center ap-
proaching.

Storm with north-
westerly winds;
storm center
passed.

Storm with south-
westerly winds;
storm center
passed.

(Atlantic, Pacific,
and Gulf.) Dan-
gerous winds; fur-
ther information
to be obtained by
application to

vr : „„„ „^,,_^„^v.i..,/. nearest station.Hurricane approaching.

Fig. 13tj.—Storm information and hurricane signals for use on the coast.

In addition to the display of flags as shown here, night signals are given by
means of lanterns. A red light indicates easterly winds, and a white light above
a red light westerly winds. No hurricane signal is displayed at night.

When Weather Bureau flags are disx^layed side l)y sitle a streamer is added at

the end, which is to be considered the top of the flagstaff.

RECKONING OF AMOUNT AND VALUE OF HAY.

Four hundred cubic feet of hay is roughly estimated as a ton. But there is

great viiriation in the ratio of weight to volume, dependent upon the kind of hay,

time of cutting, and treatment in storing. In general, the finer the stalk of the

plant the heavier the hay; also, of coui'se. the more closely packed in putting
away and the nearer the bottom of the mow the heavier. Grass allowed to stand
till nearly ripe before cutting will be the lighter.

In estimating by measui'ement multiply together the figures representing the

length, width, and height of hay, and divide the product by the numl)er of feet in

a ton. For example, if the hay is 40 feet long, 10 feet wide, and is feet f'-om the

bottom to the top of the mow, and the bulk agreed is 400 feet to the ton. the mow
will contain 40 times 1(5 times 18. which equals 11,520 cubic ft'et: 11..VJ0 divided

by 400 e(iuals '28 tons and 3.iO cubic feet, or 2Si tons. The table ou the following
page is from the American Agriculturist annual.
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Table for fiiidinfj the value of hay.

Pounds.
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100.G°; lowest, 49.6°. The teinperature at Matanzas is slightly higher than at
Havana, and the annual average is about 4^ higher at Santiago de Cuba.
There are only two Bcasous in Cuba, the dry and the rainy. Thf* rainy season

begins in May and cuds with October, and two- thirds of the annual rainfall occurs
during the mouths from June to October.
Th3 soil is very rich and fertilizers are seldom used. The mountains are of coral

formation, and the lowlands in eastern Cuba are extremely rich in lime and phos-
phates.
The population of the six provinces of Cuba in 1890 was as follows:

Pinar del Rio 2-2."),891

Havana - 4.11,928
Matanzas 2.j9, 578
Santa Clara -. ii~A, 122
PTierto Principe 67, 789
Santiago do Cuba.. 272. :j79

Total . 1 , G3 1 , GST

The present population, exclusive of the military, is about 1,~)00,000. Of this
number 4(i0,000 are negroes, 800.OUO white natives, 140,000 white Europeans, 30,000
Chinese, and 10,000 of other nationalities.

The landowners are generally Cubans, but there are large holdings in the hands
of Spanish, Americans, English, Germans, and French. Nearly all of the profes-
sional and literary men are Cubans. While Spanish, German, and English capi-
tal is very conspicuous in the cigar and tobacco trade, the business is mostly iu
the hands of Cubans. Private banking and similar interests are principally in the
hands of the Si)anish.
The sugar industry is largely controlled by the Spanish, Americans, English,

and French, but it is also followed to a great extent by Cubans. The mining
industry is almost entirely American. The railroads are owned by Spanish,
English, American, and French capital, but have been mostly under Sjianish and
English management. The great majority of merchants are Spanish. The blacks
form the bulk of ordinary laborers throughout the island. They are nearly all

Cubans by birth. There are many Spaniards among the cigar makers, but Cubans
are in a majority.
In the cities, especially in Havana, a large proportion of the ordinary white

labor is Spanish peasantry, but the great majority of the country population

—

small farmers, peasantry, day laborers, etc.—are Cubans. The seafaring people
along the coast are to a great extent Spanish, and the machinists, steam engineers,
and railroad hands are Spanish and Cubans. The chief engineers of nearly all the
sugar estates are Americans, English, or French.
The wealth of Cuba lies in the great fertility of its soil. The principal industry

of Cuba has for many years been the cultivation of sugar cane and the making of
sugar. The production of sugar in 1«23 was 75,000 tons; in 1848 it had risen to
225,000 tons, and iu 1894 to 1,054,214 tons. The exports of sugar in 1895 amounted
to 5,996,272 sacks and 3,743 hogsheads, or 832,431 tons.

Cattle raising has been an important industry in the past, but has never been
developed to the extent which the natural conditions would seem to warrant.
The numbers of domestic animals on the island in ISlil were as follows: Horses.
531,116; mules, 43,309; cattle, 2,4«5.7(;8; hogs, 570.194, and sheep. 7S,484. xMl of
these have practically disappeared, and consequently it will be necessary to restock
the pastures of the island.
Aboxit 80,000 persons are employed in the cultivation of tobacco.
Besides sugar, tobacco, and coffee Cuba proiluces all the fruits known to the

tropics and many belonging to the temj)erate zone. Among these are the pine-
apple, banana, orange, mango, and guava. The cocoanut is also an important
product.
The forest wealth of Cuba is very great an'd but slightly developed. The island

is rich in cabinet wood, the most important being mahogany and cedar. There aro
32 species of palm trees, the wood and leaves of which are used in the manufacture
of several articles of trade.

Iron mining is the most important industry on the ea.»;tcm end of the island.
The mines are all located near Santiago. In l^:st7 two American <om])anies em-
ployed 800 to 1,400 men and shipped to the United States from 30.000 to .")0,(X)0 tons
of ore per month.
The following table shows the extent of trade between the United States and

Cuba. The principal imports are sugar and molasses, tobacco, and fruits. The
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chief exports are lard and meatH. breadstuffs, iron and steel mannfactiires, wood
and manufactures of wood, and kerosene.

Value of merchandise imported and exported by the United States in our trade

rrith Cuba during the Jiscal years JSS7 to ISUO, inclusive, and the nine vinnllis

ended March SI, 1S97.

Years ended .Tunc 31)—

]S87
1888
1889
1890
1891
1893
1893
1894
1895
1896
1897 (nine months ended Mar. 31)

Imports.

$49,
49,

53.

53,

61,

Exports.

Domestic
|
Foreign

merohan- merrhan-
dise. dise.

$10,
9,

11,

13,

11,

17,

23,

19,

13,

138,930
724.134
297, 198
(!()9, .509

939, ()(I5

1)33, 411
(M 14, 094
8.5.5, 337
.5;B,3f)0

313, 348
685, 888

$407,
339,

394,

414,
295.

an,
.5.5:j,

270,

374,

318,

399.

Total.

$10,
10,

11,

13,

13,

17,

24,

20,

13,

.546,411

a5;j, 5C0
091.311
084,415
2^4,888
9.53, .570

1.57,698

12.5. .321

807, (UJl

5:i0.880

084,986

Total trade.

$60,
59,

6:3,

66,

73,

95,

103,

95.

65,

47,

H,

061.845
373,(47
821,i)34

RS6,0(I6

939.383
8&5,2I1
8«>t,31l4

8'«..583

678 930
548, (110

936.817

A BRIEF ACCOUNT OF THE PHILIPPINE ISLANDS.

The Philippine Islands, recently ceded to the United States by the treaty of

Paris, lie wholly within the Tropics, and extend.on the south to within 4A of the

equator.
The nTimber of islands is variously stated at from GOO to 2,000. but it is believed

that 1.200 is nearly correct; of these about 600 are habitable. The most important
islands and their areas in square miles are as follows:

Luzon - 41,000
Mindanao - - - 37, 500

Samar -- - 5,300
Panay 4,600
Palawan - - 4, 1.50

Mindoro - - - 4, 050
Leyte - 3,090

. Negros - --- 2.300
Cebu l.G'iO

Masbate -.- 1.3.j0

Bohol 025

Catanduanes - 450

Among the other islands the following are said to contain from 100 to 2.50 square
miles each: Basilan. Busuanga. Culion, Marandaque, Tablus, Dinagat, Sulu,
Guimaras, Tawi, Camiguin, Siargao, and Polillo.

The climate is hot. There is a hot .season, a dry .season, and a wet season, but
never a cool season. The l>urniug sun of the dry seiison is not so hard to bear as

the "muggy" weather when there is an alternation of bright sunshine anrl hi avy
showers, or rainfall day after day without intermission. Since the isiamls e.xtend

through about H'> of latitude, it nec(^ssarily follows that the intensity of the heat
varies considerably in different parts of the gronj).

1\w only place where reliable weather records have boon ko])t is in Manila, and
there the average temjjerature is HO . Tlu> lowest tcjuiier.ituro during the year is

GO and the highest KMJ . There is no month in the ye.ir in wliich it docs not rise

to 1)1 . But malaria is more .serious than the heat. \Vhile some of the i^l.-inus are

free from it others are veritable jiest holes. There aremal:inal fevers whic'i recur

every third day, some every .second day, and others daily. There is al.so a mnligiuint

tyi)e which is local in its occurrence, whieh terminates in a few hours with black

vomit and death. Much of the illness from niahina is due to causes whicli cm bo

remedied. Smilli)0.\', though never eiiidemic. is always jirescnt. The climate

affects women and children quicker thaTi it does men.
The iiopnbition of the Philippine Islands numbers ])robably 7. .500. 000, The

natives are mostly of the Malayan rnci". Nearly half of the j)oi)ulation mhab t

the islan*! of Luzon. The Tagals of Luzon are a cop])ercolored people, and liio

all people of the M.alay race are short of stature. They are the most advanceil

and influential of tiie entire population. There are many very intelligent men
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among them, and at present they number about 2,000.000, and are rapidly increas-
ing. ITie Vicols, who oci upy the Camarines Ptninsula, with the i.slandH of
Catanduanes. Burias. Ticao, and half of Masbate, are n(;.\t in point of intelligeiice,
and, like the Tagals, have made considerable ))rogress in civilization. They num-
ber between 400,000 and 500, (X)0. The Visayas occtiiiy tlio isLiuds between Luzon
and Mindanao, and are estimated at '^..'iOO.oilO. In addiiion to the.se are the Moors
of the Sulu Archipelago, the Negritos, and some other families of the Malay race.
The Negritos are a rjice of small blacks, l>elieved to be the aborigines of the archi-
pelago and are almost extinct. They are occasionally met in the mountains of
Luzon. Negios, and Mindanao.
Spanish rule in Mindanao was confined to narrow strips of territory along the

coasts and the more important towns, and the Moslem population of Basilan, Sulu,
and TavA'i Tawi is virtually indeT)endent. Wild Malay tribes are found in some
parts of Luzon, Negros, and Mindanao, and there are i)roV>a1)ly sume in the moun-
tains of Panay and Samar. They people the whole of Mindoro and Palawan, except
a few points along the coast. The remainder of the important islands were, until
recently, under Spanish control.
The Mohammedan tribes of the southern islands are a brave, warlike people,

well provided with excellent steel weapons. They are born pirates, and particu-
larly in Sulu, have a fanatical hatred of all Christians.
Pagan Malays form the wild population of the northern islands. Of the inde-

pendent tribes inhabiting Mindanao, 17 are i)agan and 6 Mohammedan.
Chinese form an important and at present a necessary element in tlie population

of the Philipjnnes. In Manila alone they number 40,000. In some of the larger
cities there are a few coolies, but the great majority of the Chinese are in business,
and the retail business of the Philippines is almost entirely in their hands.
The people of mixed blood and the civilized natives compose the bulk of the

population of the islands.

The principal city is Manila. It is situated on the island of Luzon and has a
populktion of considerably over 300,000.

The soil of the islands is remarkably fertile. The iirinciijal products are sugar,
abaca or manil-a hemp, tobacco, rice, coffee, maize, cacao, yams, cocoanuts, and
bananas.
Gold mining is being carried on in the island of Luzon with favorable prospects,

and coal mining in Cebu.
The extent of the trade of the Philippines can be approximated from the following

statement, which presents the latest official figures. The leading exports aremanila
hemp, sugar, leaf toV)acco, cigars and cigarettes, coffee, and sapan wood. Leading
imports are breadstuffs, meat products, canned goods, cotton manufactures, iron
manufactures.

Trade of the Philippine Islands, by countries, during the calendar year 1S03.

Countries.

United Kingdom
China (including Hong-
kong)

Spain -

United States.
Germany
Egypt (Port Said)
Franco
Singapore
French Indo-China a ...

Japan
Russia
Switzerland
Belgnium
Australasia
Dutch ISast Indies. ......

Austria-Hungary
Netherlands
Italy
Britisli India
Suhi Islands
Sweden and Norway . ..

Denmark
Portugal

Total 25,022,515 16, 89(J, 502

Imports. Exports. Total imports
and exports.

Pesos.
I

Dollars
6,929,(502 4,247,883

3. 6.50, ."MO

8,327,691
1,.560, 6a')

2,053,0.31

5, \m
778, ia3
2")4,707

814,915
2«W,(lOil

428, 965
.3:57,3.57

127, Wl
l(Xi,08:

102,725
m,'£V)
52,a31
4,2.50

8, 645
2, ,375

2,205
325

,237,471

, 104, .S75

956. 70(

,
24f>, 24S

3, IS:

477,02c.

1.56. la^

517,9;t:{

1H2, (i78

262, 956
206, 8(K)

78, ,34:

&), 399

Per ct. Pesos.
26,7316,247,87

02. 970
40, .599

32,.585
2, VAV)

5. 299
l,4.5(i

l,:ji5i

199

14.08
32. 13
6. 02
7.K4|

.02'

.3.00'

.98
3.2ti

1.15
1.6H

1.30
.49
.41

.40

.2«!

.20

.02

.03

.01

.01

100.00

7,939,054
3,130,919
4,885,0391

.32.182!

l.HH7,or).5;

3".4..5;'5

8:fl,8;n

9, :5-M)

498, 666

74,034
7.5, 9&5

154,277
350

1,8,012

1, 1.50

0,480

590

36,187,906

Dollars.
9,959,949

4,866,640
l,919.25;j
2,994.89"

19. 72;

1 , 1.5(5, 7t35

241,844
50!), 91;.

5, 72.'

305, 6.H2

4,5,38:1

40, .579

94,572
214

11,041
70.5

3,972

Per ct. ' Dollars.
4^i.90i4,;iO7,8:i:

21.&li
8.651

13. 50
.09

5.21
1.09
2.30
.03

1.38

302

22,183,223

.05

.02

100.00

7,104,111
7.(r24.128

3.1151.603
l,2t>.5.976

1,159.9.50
718,870
C<5t5,01

62:5.058

488.;560

2J52.9.56

20(5, 8(KI

12:5.

111,978
D4. 572
(>3, 184
51.640
33,0!H1

0,

5

5.2)19

1,4.50

1,352
661

38,073.725

Per ct.

37.32

18.66
18.45
10.38
3.32
3.05
1.89
1.75
1.38
1.28
.69

.32

.29

.25

.17

.14

.09

.02

.01

100.00

1 a08- -4.3

a Through Saigon.
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POSTAL REGULATIONS.

Domestic mail in the United States is diviilecl into four classes. First class la

everything mailable which hears handwriting or tj'pewriting other than the
addresses of the sender and jierson addres-ed. except manuscript copy accompany-
ing proof sheets and corrected proofs; also first class are all p.ickages so sealed or
otherwise closed as to jireveut inspection, except merchandise sealed up in fixed
quantities by manufacturers and so packed for mailing that each package of fixed
quantity as sealed at factory may be examined. The rate of postage for first-class

matt.T is 2 cents an ounce or fraction thereof. But '• drop letters," where carriers
are not emploj'ed.pay 1 cent an ounce. One 2-cent stamp will carry any mailable
package of the first class, and any additional postage reqiiired will be collected
from the recipient. Soldiers' and sailors' letters, properly certified by specified
officers, go unpaid: but postage is collected on delivery.
Second-class mail consists of such newspapers and other periodicals as are

approved as second class by the official of the Post-Office Department assigned to
pass upon them. The rate of postage for second-class mail is 1 cent per pound or
fraction thereof v/hen sent by the publisher or news agents to subscribers or news
agents. But one copy to each subscriber in the county of publication goes free,

except where letter carriers are employed.
Third-class matter consists of books, circulars, pamphlets, and other matter

wholly in jirint (not included in the second class), manuscripts accompanying
proof sheets and corrected proofs. The rate of postage is 1 cent an ounce or
fraction thereof, and must be fully prepaid. Seeds, bulbs, roots, and plants,
although called fourth-class mail, are mailable at the third-class rate.

Fourth-class mail comprises everything mailable which is not included in
another class. The rate of postage is 1 cent for each ounce or fraction thereof,
and must be prepaid.
Nothing is mailable that weighs over -1 pounds or is liable to injure postal

employees or to damage other mail.
Much mail is sent tree under the franking privilege on the ground that its trans-

mission does the public a service equivalent to the rate of postage.
Tho application of the regulations for domestic mail is extended to new terri-

tory of the United States as promptly as practicable. Information as to this
extension must be obtained from local postmasters.

FOREIGN MAILS.

Mail matter for or from foreign countries (except Canada and Mexico) ischossi-

fied as '"letters," '"postcards," '"newspapers and other printed matter,'' "com-
mercial or business papers,"' and "samples of merchandise."
The limit of weight for a single rate on letters for Canada and Mexico is 1 ounce,

and on letters for other foreign countries is half an ounce.
Letters carried by vessels not regularly employed in carrying the mails (commonly

called "ship letters ") are subject to double rates of domestic postage (4 cents per
ounce) on delivery. Postage can be jjrepaid upon articles (other than the n-ply
half of double postal cards) only by postage stamps of tho country in which the
articles arc mailed. Canada and Mexico are the only foreign countries to which
second-class matter in domestic mails (periodicals) maj' be sent at the pound rate
of postage. Periodicals fur all other foreign countries, whether " transient " or
for regular subscribers, are required to bo ])repaid with postage stamps at the rate
applicable to '"printed matter" for those countries.
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Rates of postage chargeable in the United States on viail mutter for foreign
countries.

Countries or places of
destination.

All of tho countries and col-
onics of theUnivcrsiil Pos-
tal Union (excopt Canada
and Mexico) aiKl countries
and colonies no< in the Uni-
versal Postal Union

Canada
At least one single rate of

posta<;e (a cents) must be
propaiil on ordinary letters.
Plants and sced.-i are .subject
to tho rate of 1 cent per
ounce. "R-inted matter'' is

subject to the domestic rate.
Mexico.
At least one sinjrle rate (2

cents) must be prepaid on
ordinary letters.

Letters
per 15

fjrams or
one-half
ounce.

Cents.

Post cards.

Single,
each.

Cents.

With
paid
reply,
each.

Cents.

Regis-
tration

fee.

Cents.

United States domestic rates .

Printed
matter
of all
kinds
per 2

ounces.

Cents.

Commer- Samples
cial

j of mor-
papers

, chandi.se
l»or 3 per 2

ounces, ounces.

The same as for
"printed mat-
ter," except
that tho lowest
charge on any
package, what-
ever its weight,
is 5 cents.

On articles for the following places, countries, and colonies not in tho Universal
Postal Union, additional postage may be collected on delivery:
Africa.—Abyssinia (articles may be registered for delivery at Djibouti, Somali

coast); Bechiianaland Protectorate, including Kauye; Macloutsie, Molepolole,
Palachwe; (Khaniastown), Shoshong and Tati River: Rhodesia (Britisli Central
Africa), including Mashonaland, Matebeleland, British Nyasseland; Barotse, Lake
Moero, Tanganyika and Upper Zambesi; Comoro Islands (Grand Comoro),
Anjouan, Mohele; Morocco, except European post-offices; Niger Coast Protec-
torate, including Benin, Bonny Brass, Calabar (new and old), Opobo and Warree,
or Forcados; West Coast, native possessions.
Asia.—Afghanistan, China.'
Oceanica.—Cook Islands (Rarotonga), Friendly (Tonga) Islands, Navigators

Islands or Samoa, Pitcairu Islands, Savage Islands, Society Islands; other islands
in the Southern Pacific Ocean.

Articles destined for the above-named places can not be sent imder registration
througli to destination.

Letters, postal cards, printed matter of all kinds, commercial papers and sam-
ples of merchandise are transmissible in the mails iov all foreign countries, whether
said countries are embraced in the Postal Union or not.
Packets of printed matter, commercial papers, and samples must not contain any

letter or manuscript note having the character of an actual and personal < orre-
spondenco, and must be made up in such manner as to admit of being easily exam-
ined. Unpaid letters and postal cards received from foreign couniries are
chargeable with 10 cents per half ounce. Prepayment of postage uixni ordinary
letters is optional with, senders. Full prepayment is required upon </// regisii ird
articles, and postage upon all ai'ticles other than letters is required to be prepaid,
at least in jjart.

Newspapers and other political publications of foreign origin are not allowed
circulation in Russia by mail, e.xcept such as are addressed to members of the
reigning imperial family, the minister of the empire, or members of tho diplomatic
corps. Nonpolitical publications and newspapers are only admitted to circulation

'Arlicles of every kind and nature which are admitted to the United States
domestic mails are admitted to the mails exchanged between the United States
and tho United States Postal Agency at Shanghai, China; subject, however, to
the following rates of postage, which must be prepaid by means of United States
postage stami)s:

First-class matter, 5 cents for each half ounce or fraction of half ounce. Postal
cards, single, 2 cents; double, 4 cents each. Seci)nd and third class matter, and
sampler of merchandise not exceeding H ounces, 1 cent for each 2 ounces or frac-
tion of an ounce. Packages of third and fourth class matter must not exceed 4
ounces in weight.
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by mail when addressed to the Public Imperial Library, the Academy of Sciences,

the higher establishments of edncation and established bookstores, but any person

in Russia may subscribe at the Russian post-offices for foreign newspapers and
piiblications,"^whether political or not.

COIN AND CURRENCY OF THE UNITED STATES.

There are ten different kinds of money in circulation in the United States, namely,

gold coins, standard silver dollars, subsidiary silver, gold certificates, silver certi-

cates, Treasury notes, United States notes, national-bank notes, and nickle and
bronze coins. The United States notes are commonly known as greenbacks, and
also as legal tenders.
While all these forms of money are available as money, they do not all possess

the full legal-tender quailty. When gold coin is not below the standard prescribed

by law it is legal tender at its nominal or face value for all debts, public and pri-

vate. When below the standard it is legal tender in proportion to its weight.

Standard silver dollars are legal tender to any amount. Subsidiary silver is legal

tender to the amount of $10 in any one payment. Treasury notes are legal tender

for all debts, public and private.

United States notes are legal tender for all debts except duties on imports and
interest on the public debt. Gold certificates, silver certificates, and national-bank

notes are imt legal tender; but the certificates are receivable for all public dues.

The national-bank notes are receivable for all imblic dues except«duties on imports.

They may be paid out by the Government for salaries and other debts owing by
the United Sfcxtes within the United States, except interest on the public debt and
in redemption of the national currenc.v. All national banks are by law re(iuired

to receive the notes of national banks at par. The nickel and copper coins .are

legal tender up to 25 cents.

Gold isnow coined in denominations of $2.50, $5, $10, and $20, called, respectively,

quarter eagles, half eagles, eagle, and double eagles. The coinage of the $1 and S3

gold pieces was discontinued under tiie act of September 2(i, 189(J. The gold unit

of value is the dollar, which contains 2:5. L'2 grains tine gold and 2.5S grains of cop-

per alloy. The weight of the quarter eagle is 07.5 grains; half eagle, 135 grains;

eagle, 270 grains; double eagle, 516 gi-ains.

The silver now coined consists of the standard dollar, half dollar, (luarter dollar,

and dime. The coinage of the silver trade dollar, 20-cent, half-dime, and o-ceut

piece have been discontinued. The silver unit is the dollar. It contains 371.25

grains of fine silver, and of copper alloy 41.25 grains.

Other coins are: Five-cent (nickel), weight, 77.10 grains: composed of 75 per

cent copper and 25 per cent nickel. Cent (bronze), weight, 48 grains; composed
of 1)5 per cent copper and 5 per cent tin and zinc.

The first paper money issued bv the United States Government was authorized

by the acts of July 17 and August 5, 1861. The notes issued under these acts were

called "demand notes,'' because they were payable on demand at certain desig-

nated subtreasuries. The act of February 25, 1S62, provided for the substitution

of the United States notes for the demand notes, and they were therefore canceled

when received. The following table presents a view of the currency circulation:

Kinds and denominations of paper currency in circulation.

United
States
notes.



LEGAL HOLIDAYS. G77

Several years ago a very dangerous counterfeit of the $100 silver certificate
appeared. All certificates of that denomination were called in, aod they are can-
celed when they reach the Treasury. Theee certificate^ to the amount of nearly
$7,000,000 are still outstanding, but no $100 silver certificates are imjw issued.

LEGAL HOLIDAYS.

January 1: All States except Massachusetts, Minnesota, New Hampshire, and
Rhode Island; New Year's.
January 8: Louisiana only; Anniversary of Battle of Now Orleans.
January 19: Florida, Georgia, North Carolina, and Virginia; Lees Birthday.
February 12: Illinois, Minnesota, New Jersey, New York, and Washington;

Lincoln's Birthday.
February 22: All States except Iowa, Mississippi, and New Mexico; Washing-

ton s Birthday.
JMarch 2: Texas; Texan Independence Anniversary.
April, first Saturday: Utah; Arbor Day.
April, first Wednesday: Rhode Lsland; Election Day.
April 19: Massachusetts; Concord Day.
A})ril 21: Texas; Anniversary of Battle of San Jacinto.
April 22: Nebraska; Arbor Day.
April 20: Alabama. Florida, Georgia, and Tennessee; Memorial Day.
May, first Fridaj': Rhode Island and Idaho; Arbor Day.
May 10: North Carolina; Memorial Day.
May 20: North Carolina; Mecklenburg Declaration of Independence.
May '60: All States except Arkansas, Alabama, Florida, Georgia, Kentucky,

Louisiana, New Mexico, North Carolina, South Carolina, Texas, and Virginia;
Memorial Day.

.lune o: Florida: Jefferson Davis's Birthday.
July 4: All States; Independence Day.
July 24: Utah; Pioneers" Day.
August 16: Vermont; Bennington Battle Day.
September, first Monday: All States; Labor Day.
September 0: Califoraia; Admission Day.
October, first Monday: California,
October 13: Connecticut; Lincoln Day.
October 31: Nevada; Admission into the Union Anniversarj-.
November, general election day (first Tuesdiiy after first Monday): Arizona,

California, Colorado, Florida, Idaho, Indiana, Illinois, Maryland, Minnesota, Mis-
souri, Montana, Nevada, New Hampshire, New Jersey, New York, North Diikota,
Ohio, Oregon, Pennsylvania. Rhode Island, South Carolina, South Dakola, Ten-
nessee, Texas, Washington, West Virginia, Wisconsin, and Wyoming.
November, last Thursday: Thanksgiving Day; in all Stiites, though not a statu-

tory holiday in some.
December 23: All States; Christmas Daj'.

Arbor Day is a legal holiday in Idaho, Kansas, Rhode Is'.and, and Wyoming,
the day being set by the governor.
Mardi Gras (the last day before Lent) is observed as a holiday in Alabama and

Loiaisiana.
Good Friday is observed as a holidaj' in Alabama, Georgia, Louisiana, Maryland,

Minnesota, Pennsylvania, and Tennessee.
Every Saturday after 12 o'clock noon is a legal holiday in New York, New Jer-

sey, and New Orleans; also from June to September in Colorado and Pennsylvania.

STRENGTH OF ROPES.

Hemp rope 1 inch in circumference is calculated to sustain a weight of 300 pounds;
li inches, 450 pounds: 2 inches. ^00 i^ounds: 2 < inches. 1,250 pounds; 3 inches, 1.800
pounds; 4 inches, o,2()0 pounds; 5 inches. 5.000 i)Ounds; inches. 7,200 pounds.
Hemp is considered twice as strong as manila and wire rope twice as strong as
hemp.

MIXTURE FOR CLEANING A PLOW
Pour slowly a half pint of sulphuric acid into a quart of water. Considerable

heat will be generated, and it is not advisable to pour the water into the acid.
Rub the mixture on the rusty parts, .scour, and wash off with water.
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STATISTICS OF THE PRINCIPAL CROPS AND FARM ANIMALS.

Acreage, production, and value of the principal farm crojis in the United States,

1SG6 to IS'Jti.^

[From Division of Statistics.]

Corn.

Year.

186C
1867
18«8
1868
1870
1S71
187:;

1873
1874
1875
1870
1877
18;8
1879
1880....
1881
1882
1883
18)>4

1885
1886
J887
1888
188P
1890
1891
1893
189:1

1894
1895
1890
1897
1898

Area. Production.

Acres.
34,;«)fi,538

33, 530, 349
;U, 887, 246
37, 103, 245
38,646,977
34,091,137
a5, 536. 836
39. 197, 148
41,0:X=,918

44, Ml, 371
49.03:3,364

50,369,113
51,585,000
53,085,450
63,317,842
64,262.025
65, t>.">9, 545
68.:J01,839
60, («?, 780
73, 130, 150
75,694.208
7.2,392,730
75,672,763
78,319,(«1
71,970,76:3
76,304,515
70,636.6.58
73, (06. 465
63, 583, 369
83, 075. K'i)

81.037, 15<j

80,095,0.51
77.721,781

Bushels.
867,946,295
7^8,320,000
906, .527, 000
874,320,000

1.(104, 355, (JOO

991, 898, (MX)

I,0'.»2.719,f)00

933.374,(XHI

850, 148. .5<;0

1.:?31.(p69.(I1I0

l,3.H3.S3r..')(K)

],:u3.r>.->8. 000
1.;J88,318,7;5(J

1,547,901,790
1,717, 4:34..543
1,194,916,000
1,617.025,100
1,551,066,895
1 , 795. .528, 000
1.936.176,000
1,6()5,441,(K)0

l,4;-x;.161.(X)0

I,!is7.7'.t0.(l()0

3. 113,8!»3,(HK)

1,489, 970, 000
3,Ot)n,irf4.(NJO

].(;38,4(v4.00(5

1,(J19,4!«, 13!

1 , 313, 770, 053
2, 1.51,1:58. .580

3, as:3, 875, US
1,903, 967, 9:«

1,934,184,660

Value.

$411.
4:J7,

434,

532,

540,

430.

a'<5,

411,

4%,
484,

436,

4<i7,

440,

580,

679,
7.59,

783.

658,
6t0,

6:?5,

610,
64C>,

677,
.5^)7.

751.
8.3(),

643,

.591

,

.5.54,

544,

491,

.501,

4.50,830

769, 763
05t),<H9

.5.50, .509

.530, 456
:i55,910
7:3(i,310

961,1,51

271,:i55

674,804
108,531
(i.y).3:i0

380. .517

486.317
714,499
482,170
867, 175
051, 4S5
735,560
674, 630
311,(X)0

106.770
.5(;l..5S()

9is.s:>;>

4;i:?. 4-')I

4:i9,338

14^6:io
(i35. 637
719, 162
985, ,5:34

(K)(),!K57

072,952
023,428

Wheat.

Area. Production. Value

Acres.
15,424,4{W
18,321,.5f)l

18,460,1:J3

19,181,004
18,992,-591
19,943,Ky3

20,8.58,a59

,32, 171 , 676
24,967,(V27

26.381,512
37,637,031
36.377..54<)

:J3,108,.560

;53,.'>i5,9.50

37.98(i,717
37.709,fl2<)

:57.O07,194

36,4.55,59:3

;?9, 475, 885
at, 189,246
36,806,184
:!7,(;4i.78;j

:{7,:j:5ii, 1:J8

:)8, I2:i,8.59

36,087, 1.54

:J9,916,897
:58, 5.54. 430
3t,(i3<),418

:i4, 882, 4:36

:3t,047,aS3

:U,618,W6
3!),4«i.5,066

44,055,278

Bushels.
151, it! 10, 90(5

'.'.]>.. U\. AW
33t. o:iii,tV)0

360,1*;, 900
3:r..S84,700
2:50, 723, 4(»
24'.t.9!»7,100

381, 3,54. 7(X)

0O8, l(r_', 700
293. 1:>6.(J00

28!l,:t.-)«),.500

3(U. 194, 146
430, 133. 4(«J

448, 7.56, (viO

49,S, .549, 868
a8:j,38O,O90

5(J4, 185, 470
4,31 . 0h6. 160
.51,3, 765, WW
;357, 113,000
457,318,(XI0

456, :i:.'!l. tiOO

415.8(hS,0(X)

490. .5(50, (XX)

39i>, 3(UJ. 0(»
611,780,1100
515,949,000
:!9(), 1:31, 735
460,367,416
467,103,947
437, (584. ,iW
5:50,149,168

675, 14«, 705

$232,lffl,630
:«i8.:{s7,l4<>

213,0:i2,746

199, 024,1-96

222, 76»i, 969
264,07.5.851

278, 522, (X«
300, 669, 5:53

36,5,881.167
3(51,396,936

278, 697, 3:58

aH5,089.444
;535,814, 119
497,030,142
474,301.8.5(1

45(5, 880, 437
445, 602, 135
38:3,649,273
S30, 862, 260
375, 330. 390
314, 23(5, 020
310,612,960
as.5, 24«, (CO
34.3,491,707
au, 773, 678
51:5,472,711

;52:i,lll,881

21:3, 171, :38l

335. !K)3, 025
2:37, '.K38, 998
310, (i02, .5:59

438, .547, 121

392,770,32(3

Year.

m-fi
1867
1868
1869
1870
1871
1873
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1886
1886
1887
1888
1889
1890
1891
1882
1803
1894
1895
1896
1897
1898

Oats.

Ai-ea.

Arres.
8,864.219
10.74<;,416
9, 665, 7*5
9,461.441
8. 792, ;395

8,;i«>5,N)9

9, (XX), 7(59

9, 751 . 7(X)

10.8!>7,413
11,91.5.075
i:5.:!.58.9(iH

]3.8:;6,148

13. 176..5(X)

12,(>8;{,.5(X»

16.187.977
16, 8:51, (MX)

18,491,6Jtl

20,321.963
2I,3<X),917

32, 78:3, 630
3:5, (58,474
3.5. irio. iXX)

36, 9! (8. 382
27.463.316
;.'rt,4:il,:«o

;i.-..r>4i,8fli

27,(xv:).Kr.

27,27:5.0:5:5
'7 033 .55:5

27! 878', 406
27,5(V5,9S5

2.5,7:U),:375

2.5,777,110

Production.

Busheh.
368,141,078
;e78,698,(XX)

;i54, 960, 800
288.S34.0(X)
2t7.277,400
2.55, 743, 0(XJ

271,747,000
27O,:340,(XX)

'M\ :569, (m
a54.:317,500
:320,881.000
4(til,:594,(KX)

41:1. 578, r)liO

aK5,76l,:630
417, 88:5, :5.'<0

41(i.48l.0(X»
4.H.H, 3:50, 610
571.:502,4(K)

58:i, fCH, 000
629,409,ttlO
634,i;U,(XX)
(•).59,6I8.0(X)

7()1.7;i.5,(»X)

751..515, (XX)

53:5.(.31,(XX)

7:t><,:i!»4,(xxi

661,o:5;5.(XX)

6:58, 854. 8.50

(M.3,o:56.93H

834, 44:5,5:57

707,a«S,4(H
(598. 767. 809
rdO,90(!,64;3

Value.

$94,057,945
13:5, 90:-', .5.5(!

106.:5.5">,976

1!K». .531, 7:54

96, 44:3, (;;57

!»3, .5'.»1 , :i59

81,a):5,518

93, 474, 161

11:5,1:5:5,9:51

11:3,441,491

10:5, 84 (.896
115.5(6. 19(
101.7.53. 4<W
130, .5; 5:5. 3!) (

1.50,34:5,5(15

19:5,198,970

183.978.0'i;
1H7,(U0,:.'61

161..538, 470
179, ecu, 860
Isc, i:t7,9:K)

3(X ),(•)'.« 1, 790
1".t5, 434,340
17I,78l,(X>8
223,()4H.48C)

3:53. :513. 267
30!i.3.Vt.611

187..57('>,(X»3

3n,8l6,'.»30
1U5,6V.,(X,H

1:53. l.s.5.(CCI

147,974.719
186, 405, 361

Rye.

Area. Production.

A errs.

I,5t8,(«5
1,68!(,175

1,()51,:531

1 , (.;57, .584

1, 176, 1:57

1,(WI,,5:31

1,048,(5.54

1,1.50,:555

1,116,716
1,:5.59,78«

1,468,:574

1,413,903
l,rc>.',7IX)

1,(535,4.50

1,767.619
1,789, 1(K)

2,;r;7,894

3, :5 14. 7.54

3.:u:5,9(i:5

3. 139,;J01

2,139,918
3,05:5,447

3, 36 », 805
3.171,493
2, 141,K5:5

3. 1V6,.1(5(!

3. 1(5:5, 6.57

2,038.485
1.9(4,780
l,8!XI,3(5
1.h:{I,201

1,70:5, .561

1,043,20.

Bu.iht'ls.

30,864.914
3:5,184,000
33,.50 (,8(XJ

23,537,!XN)

15, 473. (MX)

15, :565, rm
]4,888,6(X)

1.5, 143, (HX)

14,'.H.I0.<H«)

17,733,100
30,:t74,800

31,170,100
2.\ 842, 790
3:5, 6:39, 460
24.510,829
20,704.950
39,9(!0.o:37

38,0,K8.,^H2

28, 640, (XX)

21,766,000
24,4,'<9.00O

20,(593,aX)
2.><,41.5,aX)

:ts. 4:.'0, 299
Ji'., 807, 472
31,751,8(W
27. 978. ,824

26,5.V.. 446
26,737.615
27,210,070
24,3(59.047
27,;56:5,:534

25,(}57,62S

Value

J17,149,716
2:5,2sO,.584

21,3(9,190
17,;M1.8«il

Il.;i26.9(i7

10.927.(i2:»

10.071,(»il

io,oas,258
11.610,:{59
11.894,22:5

12,504,970
13.301,759
i:3.566,Uie

15,507.431
18. 564, 560
19,337,415
18. 4:59, 194

16,:)(X),50:3

14,857.040
12,5JM,820
13,181,;i30

11,383,140
Ifi, 731,860
13,(X)9,753

16, 229. 992
24,58!l.2l7

1.5, l(iO,05((

1:3,(512,223

i:5,;595,47rt

11.9(54,820

9, iXM), 769
13,2:59,047

11,875,350

' All valuoa in tliLs and tlio following tables are in gold.
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Acreage, production, and value of the principal farm crops in tlie United States,

1806 to 18'JS—Continued.

Year.
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Acreage, product ton, and value of the principal farm crops in the United States,

ISOG to i.sT'i— Coutinued.

Yeai-

IStt)

1807
1808
1869
1870
1871
1872 -.

1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
Ib1«4

18ie
1.S96

1897

Tobacco.

Area.

Acres.
520, 107

494, .333

427,189
481, 101
33(),668

350,769
416,512
480,878
281,662
559,049
540,457

542,850
492, 100
602,516
646,239
671,522
638,739
724,668
752,520
7.50,210

598.620
747,326
695, 3C1
722,198
742,945
725,195
702, 9,52

523,103
633,950
594,749

Production.

Pounds.
388.12S,C84
313,7-'4.(KIO

320,982,0<K)

273,77.5.000
250,628,000
26:5,196,100
342. 304, tH 10

3r2,810,0f)0

178,&5o,0(X)

379,.'M7,(100

381,002,000

392, .546, 700
391,278,350
446,296,889
449,880,014
51-3,077,558
4.51,.54,5, 641
541.504,000
562,736,000
532,537,000
386,240,000
5&5, 79.5,000

488,;i56,619
522,215,116
556, 877, 059
498,621,686
483, (r2:J, 963
40<),078,385
491,.544,0(K)

403,(XJ4,320

Value.

$.37,398,3^3
29, 572, OfiO

29, «22, «73
2.5..520.()»j.5

24.010,(ll.S

2;J,2<.r2,t>45

31,647,817
28,421,70.}
21,()0<i..515

2tJ, 4.5.3. 881

25,923.894

22,093,240
22, 727, .524

36,414,615
43,372,3;i«

43, 189, 9.50

40.4.5.5,362

44,160,1.51

43, 265, .598

39,468,218
40,977,2.59
43,666,665
32, 396, 74*)

43, 100, .532

47, 49.2, .584

46, 728, 9.59

39, 1.55, 442
27, 7tiO, 739
3.5, ,574, 220
24,258,070

Cotton.

Area. Production. .Value.

7,9:i3,000
9,9f<5.0(X1

8,911,000
9,.5<.O,0OO

10,816,000
10, 982, (KK)

]l.(*i5,000
11..500. 000
11,825,(X)0
12,2r.«i,.s(l0

12, 595, .500

1.5,47.5,300

16,8.51,0(1)

16, 791..557
16,777,f««
17,4.39,612

18, » 10, 86.5

l«,4.54,6lKi

18,641,067
19, 0.58, .591

2(),171,89(i

20,809,0.53
20,714.9.37
18,067.924
19,.52.").(KiO

2:i,()87,9;5()

20,1S4,;J68

Z\. 273, 209
24,319,584

Bales.
2,097,2.54

2, .519, ,5.54

2, .366, 467
3, 122, .551

4,352,317
2,9;4.351
3.9;jO,50e
4,170,a88
.3,a'{2,991

4,fi:i2,313

4,474,069
4, 77:^, 865
4,694,942
4. 735, 082
5,708,942
5,4.56,048
6,9,57,0(K)

5, 700. 600
5,682,(J(»
6, 575, 30':)

6.2.54,460
7. (GO, 309
C,9W,808
7, 472. .511

8,6.52,597
9.03.5,379

6,700,:i65
7, 493, 000
9, 476, 4.35

7, 161 , 0<14

8. .5:«. 705
10,897,8.57

$204,
199,

226,
2B1.

292,

242,

280,

289,

238,

233,

211,
2:15,

193,

242,

280,

294,
.309,

2.50,

253,
269,

309,

337,

354,

402.

369.

326,
262,

274,

287,

2()0,

291,

319,

.561,890

.583,510

794, 168
067,037
70;}, 086
672,804
552,629
&5.3.4«6

113,080
109,945
6.55,041

721, 194
467,706
140,987
366,242
135,547
C96,.5(K)

594,750
9KJ,385
989.812
381,938
972, 4.53

454,340
951,814
568,8.58

513, 298
2.52,286

479,637
120,818

8 11,.564
491,412

Acreage, prodnriion, value, and disposition of the corn crop of tlie United States

in ISDS, by States.
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Acreage, production, value, and disposition of the corn crop of the United States

in 1898, by States—Continued.

States and Ter-
ritories

Missouri
Kansas
Nebraska
South Dakota
North Dakota ...

Montana
Wyoming
Colorado
New Mexico
Utah
Washington
Oregon
Calitoruia

Total

Crop of 1898.

Acreage.

Acres.
.5,9.51,311

8, .303, 038
7, ,5.59. 746
1,003,927

34,308
1,598
3.477

173,994
24,358
8.053
5, 7(10

13, 6.5<>

45,540

77,731,781

Production.

Bushels.
154, 731,48(5

133,813.0(8
158, 754,<')«iti

38, 109, 9,"i)i

4til , 853
44,744
39, y-i'a

3,113,893
.509,418

lr.9, 113
(i8.4(KJ

327, 744
1,184,040

1,924,181,660

Value.

41,777,
3t,.5;}8,

34,92<>.

C, 41^5,

Kid,

39,

31,

1,315,
385,
101,
•^,

19(i,

734,

553,033,428

Stock on hand
March 1, 1899.

Bushels.
.55,703,3:}5

42, .51 K), 455
(.ii,i;7(;.9fiO

13,087.3.vl

4,474
3, !Hk3

4(i7,as4

123,3ii0

M, 4-10

0, 156
.3t;,0.53

143,085

800,533,109

Pel- ct.

36
:e
42
43
14
10
10
15
34
18
9

11
13

41.6

Retained
and con-
sumed in
county
where
grown.

Bu-ihels.

143,900,283
111,.5H7,32<J

107,95:t,173

33,(150,1(14

461.8.52

44,744
3tt,o;«

2, 989. 33.;

4^18, 28-S

153,30;i
CH, 4(K)

317,913
1,041,9.55

1,528,179,358

Shii)ped
out of
county
where
grown.

Busht
io,8;n,

21,2>4,
60.801,

5, (Aj9,

134
61

16

9,

143

U.

728
493
793

.556

130
911

SB
.085

396,a)5,3Q2

Acreage, production, value, and disposition of the irheat croj) of the United States
in 1898, hij States.

States and Ter-
ritories.

Maine
New Hampshire .

.

Vermont
Connecticut
New York
New.Torsey
Pennsylvania
Delaware
Maryl.ind
Virginia
North Carolina. .

.

South Carolina . .

.

Georgia
Alabama
Mississippi
Texas
Arkansas
Tennessee
West Virginia
Kentucky
Ohio
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa
Missouri
Kansas
Nebraska
South Dakota
North Dakota
Montana
Wyoiiiiug
Colorado
New Mexico
Arizona
Utah
Nevada
Idaho
Washington

Crop of 1898.

Acreage.

Acres.
1.808
516

3,870
300

379, 069
134, 016

1, ,530. .5i;8

74,34:3

767,316
7.53, 635
573, a31
111,483
260, 736

43, 309
2, 165

631,653
213, 276

1,059,097
431,500
939, 314

2,491,313
1,637,.589
2, 463. 307
1,7.57,668

760, .5.54

4,96:5,15'.)

1,338,730

4, 57:5, 198
3,114,593
3, :590, ;397

3,864,893
71,188
32,136

2.55, 877
193,738
34,:}07

183,338
,36, 699

1:55, .384

969, 134

Production. Value

Bushels.
8.5, 3.56

9,804
87,075
6,(N(0

8,03(i,3<>5

2, 1()8,.318

26,(509,910

988, 763
11,7:59,9:55

10,636.113
5,374,64:5

1,181,709
3,607,;560

519, 708
30, 094

9, 348, 4frt

3, :U5, 0;56

];5,980,OSO

5,816,700
14, 4(^5, 4:5(5

43,10:5,17:5

34,061,851
38,43(5,039
19,:«4.:V18

13,(5.89.9:3

78,417.913
22, 189,(;34

14,104,4.54

64,939,413
o4,679,:S09

43, 0_U), 93:5

55,6.54,445

2,100,046
.534, (52:5

0,73!t,iV.5

4,58(i,i)3(;

770, 5:5:i

5, 105, 184

1,064,371
4, 19(5, 904

23,453,043

$31,.378
9, 030

78,:568

5, 280
5,786,109
1,583,,S73

18,094,759
683, 34(5

8,317,954
7,oi:},;«t

4,114,;.'33

1,110,806
3, .5.55. 313

4(57, 7:57

34,978
6, .3.5(5, 956
l,a54,:531

9,:5(5(),(554

4, 139, 857
8,'.M18,5;o

37,7,88,0<I4

31,79'.»,.5,s.-)

34,:.'(I8.:598

ll,60'l,(«;9

8,077,(K1
43.:545.()73

ll.;');5S,6l^l

8,;i21,(i38

:53, 4(59. 711(5

16, 39'.t, 375
31.030, 4<i3

38, :K5. 767

1,318,037
:5i;l.99(l

3. 7(.8, 55(1

3,8i:5.S94
7(KS, 889

3, 7.5(5. 799
1,011,057
3, 140, 421

12,664,643

Stock on hand
March 1, 1899.

Bushels.
9, 1(57

3.:3.53

33.318
3,400

1,R48.:540

5 13, (ISO

10,111.7:7
30(5, 51(5

2.113.18S
;5,4<«).:5;56

1,(5.87,881)

313.7118

(5;51,840

8:5, 1.5:5

6,019
1,495,751

4^17,007

3.:5.55.319

1.919.511
3.6ll),:)59

1:1,894.047
11,931,(>18

10. 7.">9. 388
;5. (57:5. ,52(5

5, (513. 889
34, :509. .5.5:5

8.875,8.')((

3, I03,9,SI

IS, 1,8:5. 0:5.5

11,44-1.173
11,771.4.58

11.687.4:5:5

(>(K(.0l3

13.5.910

3,1.5:5,461

83.5, (547

23:5, 4.>4

l,r>:5i.r>.-K)

;59:i. 780
1,678,7(53

11,022,930

Per ct.

26
24
37
40
Zi
35
38
31
18
33
:ii

18
35
16
30
16
30
31
Xi

3:5

a5
28
19
41
31
40

38
3:5

28
21
29
24
32
18
29
30
37
40
47

Retained
and con-
sumed in
county
where
grown.

Bushels.
35,356
9, 804
87,075
6,000

6, 750, 461
1,778,031
18,094,759

415. 380
4,695,974
5, 9;50. 03:5

4, 853, 67:5

1,181,7(19

2,:598,771

5(M. 117

:50,0!H

6,917,863
1.914,7.30
8,;58S.(HS

4.oi:s.r);S5

8, !H5S. ,-,70

19,:5(57,460

ll,.>-il.03.t

13. 8:5:5. :5:o

11,79:5.9.52

10.678.178
2!t.:5.s."<.(;57

11,094,813
11,001.474
19,4.Hl.834

11,7".K),96.5

10,089,832
8,121. 1*89

2, 100.1>4«

473. 161

4..570.UU
4,(i:)(5,495

09:5, 479

3, :H59, 421
(591,776

l,049,22»i

4,935, l:!9

Shipped
out of
county
where
grown.

Bushels.

1,28.5.803
390. 297

8, .51.5, 181
.5r3, 483

7,(M3,961
4,(57.5.489

431,972

208, .589

15,591

2, 4.30, 601
430,;jti6

5,5!>3,0:53

1,80:5,177

5, 496, .860

33, 7:5.5.71:5

33,4,^0,823
34,.592, (5.59

7..54(),:590

3.011.7W
.58, (£.'9,255

ll,(»m,813
3,102,980

4.5, 4.57. .588

33. .8,s,s. :^4
31,951,101
49,5;52,4ot5

2, 1.5:}, 461
S.'iO, 431
77,05.3

1,7:55, 76:1

;572. 495
3,147.(578

18.,53:.".HH
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Aci'eage, production, value, and diKpofiition of the wheat crop of the United States
in 1S9S, by States—Continued.
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Cotton crop of 1SD7-0S.

[In commercial bales.]

States and Territo-
ries.

Alabama
Arkansas
Florida
Georgia ,

Indian Territory
Kansas
Kentucky
Louisiana
Mississijjpi
Mi.'^souri
North Carolina. -

Oklahoma
South Carolina..
Tenne.ssee
Texas
Utah
Virginia

Total 10,305,786

Movement and mill purchases.

For-
warded by
rail, etc.

038,181
963, 497

.5;^, 657
254,066
221,998

139
35

881,987
561,529
26. 843

367. 780
110,175
6:36, 542
257, 9{iO

918, 4.54

60
12,878

Boughtby
mills.

97,404
1,645

2S5,219

26,516
1(>, 065
20,508
4,0;i3

334, 8?3

398, 456
35, 773
14,312

42,880

1,277,674

Total.

I,ia5,5&5
965, 142
5:{. 657

1..5:39, 285
221, 99,S

i:S9

26, 551
898.052

1,582,0:37

30,871
70;>, (153

110,175
1,0:34,998

293, 7:3:3

2, 93rJ, 766

55,758

11,583,460

Taken from other States
and ports.

Taken
from
other
States.

041

188,

14,

1,

25,

102,

"42;

653, 125

Taken
from
ports.

1,963

"506

15, 985

3,331

'3; 332'

'7i367'

32.478

Total crop.

T0t.1l.

22,904
22,875

188, 5(W
14, 612

26. .51

6

109. 727
57,266
4,023

55, 927

4,913
25,098

110, a58

42,880

685,603

1,113,681
9t2.2ii7

VI. 657
:3.5),78l

207,386
i:j9

a5
78S, 325

1,521, 7U
2<;, s+s

64»). 726
110.175

l,(«).0.s5
26.S, t>i5

2,822.408
CO

12,878

1,:3.51

10, 8-97, 857

Comjjarative acreage and production, 180G and ISDl

States and Terri-
tories.
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THE world's consumption OF COTTON.

There are no av:\ilable statistics showing the annual production of cotton in the
various countne.s of the world except for the United States. India, and Egypt.

India, next to the United States, is the largest producer of cotton, its crop in
1897-98 being estimated at 2.844.000 bales of 400 pounds each. The Indian mills
consume a little over 1,000.000 bales, the remainder o^ the crop being exported.
In 1897-98 about 641,000 bales were exported to Europe, 450,000 to Japan, and per-

haps a small amount to China.
China perhaps ranks third among the cotton-producing countries, "but,'' says

United States Consul General Goodnow.in a recent report, '"no one can tell the
annual production of cotton in China with any degree of accuracy. There are no
statistics, either national or provincial, on such subjects." He roughly estimates
the crop at CGO.000.000 pounds, or. say. l,3-20,0()0 bales of .WO pounds each. The
entire crop is consumed at home, with the exception of the exjjorts to Japan, which
Mr. Thomas Ellison estimated to be 70,407,000 pounds in 1897, or about 141,000 bales

of 500 pounds each.
Egypt follows China in cotton production, although it ranks third as an exporter

of cotton. The crop of 1897-9':! amounted to 8i;5,211 bales of about 785 poiinds
each. There are very few mills in Egypt, and hence practically the entire crop is

exported, most of it going to Euroi)ean countries, except about 01,000 bales to the
United States and a small amount to Japan.
The approximate production of all other countries, as estimated by this Depart-

ment in 1N9G (Circular No. 1 ) . is as follows, iu bales of 500 pounds: Korea. 400,000;

Asiatic Russia. 'J00,000; Brazil, 224,800; Africa. 100,000; Turkey, 93.G00; Japan,
7o,200; Mexico. G4,000; Peru and We.st Indies. 4G,4<)0; Persia. 32,800; Greece. 7.700;

Java. 5.200; Malta. ;],G80; Tahiti, 920; Italy. 450; Fiji Islands, 410. Siam is also a
cotton-producing country, biat to what extent is not known. In 189G. according
to a report of the United States consul-general at Singapore. Mr. Pratt. Siam
exported 11 5. 5:10 pounds of raw cotton to Japan, and Korea exported to the same
country 4. 153 pounds. Anam and other French Indian provinces also produce
cotton. United States Consul Lyon, at Hiogo, Japan, reports that in 1897 the
imports into Japan from these possessions amounted to 2,191,200 pounds, or about
4,3.'^2 bales of 500 pounds.
The following table, compiled by Messrs. Latham. Alexander & Co., of New

York, gives the consumption of cotton (in 500-v><>und bales) in Great Britain, the
European continent, the United States, and India, and indicates the progress of

the cotton industry during the past ten years:

Years.
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Italy 1,880,000
Spain - y, 615, 000
Austria 3. 140. (K)0

France.- .- 5, :}00.000

Russia C, 000. 000
Germany ^... 7,884,000

The Continent 31 . 350. 000
Great Britain 44, UOO, OOO
United States:

North 13, OOO, 000

South 3,456.537
17, 356, .537

East India 4, 065, 618
Japan 1,150.000
China 565, 000
Canada 491,253
Mexico 418,156

Total world's .spindles 100,326,563

CONSUMPTION OF AMERICAN COTTON I?Y FOREIGN COUNTRIES.

The following table, compiled from the reports of the Biirean of Statistics of the
Treasury Department, gives the niimber of bales of cotton exported to foreign
countries in 18><0, as compared with the fiscal ye;ir ended June 30, 1898, the bales
being reduced to the uniform weight of 500 i>ounds each.

The export value of the cotton is also added to the table. With the exception of
Russia and the Netherlands, the increase in exports to nearly all other comitries
has been very large, in most of them the amount being more thau double what it

was ten years ago. In 1889 only 47 bales were exported to .Japan, and not a Ixxle

to either China or the British East Indies. In 1898 Japan had increased her takings
of American cotton to 221,214 bales, while China and the British East Indies are
shown in our export trade as consumers of American cotton, over 13.000 bales hav-
ing been sent to Chinese ports in 1808. Although there has been so large an increase
in the export of cotton since 1889, owing to the extremely low prices in 1897-98
the value of the total exports was $7,333,055 less than in 1889.

Exports of cotton fr0771 United States to foreign eountries.

[In bales of 500 pounds.]

Countries.

Austria-Hungary
Belgium
Denmark
Franco
German y
Italy
Netlici-Iands
Portugal
Russia
Spain
Sweden and Norway.
United Kingdom
Other Europe
Dominion of Canada..
Mexico
West Indies (French)

.

China
East Indies (British) .

.

Hongkong
Japan
All other countries...

Total

1889.

Bales.

5.610
147,807

400. 1%
660. 7.56

WLOtte
44,3;j4

144, Oki
I8l.r);«

8.717
, 940, 800

9, .'>47

61, 14.-}

33,803

47
216

Value.

$27.5,275

7, .556, 687

20, 174, im
32, 308, .593

6,460,413
2, 188, 771

7, .506, 201
9,200.998

420. 412
146, 605. .5(15

475. 1S2
2,fl80..5iV>

l,607,3i»5

2, .-Ml

12, 102

4,769,633 337,775,270

Bales.

a5,614
161,942
24, 741

W2, (tW
l,a58..524

387, .581

4.3..50!>

18, 8.3;5

103. 825
26:!,tM8

25,613
3, .532, 101

122,495
42, 4;h

17
11,.31 12

2'.C

],80»l

224,214

700,520

Value.

$987,724
4,8(19,609

7:J2, 810
24.599,724
54, 886, 245
ll,4<kS,n25

1,2»)2,788
.58.S, 923

3, l:«, 7.58

8,180.970
744.287

105, 853, 6U

3.9til..586

1,321. 473
653

370. 670
9. !.•«)

72, 000
7,428.238

230,442,215
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Wlieat crop of the loorld, ISO.'f to 1S98.

Countries.
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Wheat crop of the world, 1894 to ISOS—Continued.

Countries.
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Average yield per acre of the principal farm crops, 1804 to i<?55—Continued.

States and Territories.



AVERAGE YIELD PER ACRE OF PRINCIPAL CROPS. 689

Average yield per acre of the 2>rincipal fdrrn crops, 18!)4 to 1898—Continned.
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Average value per acre of the principal famn crops, JSO4 to 1898—Continued.
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Average value per acre of the pHticiiml farm crops, 1804 to 189S—Continued.

States and Territories.
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Prices of principal agrioultural producis on ihe farm December 1, 1S94 to 1S98.

[From Division of Statistics.]

States aud Territories.
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Prices of principal agricultural products on the farm Deeemher 1, ISOJ^ to 1898—
Continued.

States and Territories.
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Prices ofprincipal agricultural prodiicts on the farm December 1, ISD^ to 1808—
Contintied.

States and Territories.

X
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Wholesale prices of principal agricultural products in leading cities of the United
States, 18'J3 to 1808—Continued.

COTTON (PER POUND).

Date.

Aagnst 1

September 1.

October 2
November 1..

December 1.

.

August 1

September 1.

October 1

November 1..

December 1..

August 1

September 3.

October 1

Novemberl..
December 2..

August 1

September 1.

October 1

November2..
December 1..

August 2
September 1.

Octobcr 1

Novemberl.

.

December I.-

August 1

September 1.

October 1

Novemlwrl.

.

December 1 .

.

1893.

1894.

1895.

1806.

1897.

1898.

Boston.

Middling.
$0.08

07|
08

08A
08A

.06iS

.06*

.06A

.05}

•05tg

.07^

.09

.o-/„

.071

.081

.08t

.0714

.08

.08

.06i

.06
•05}g

.06^

.05J

.05/,

.(6A

.05ft

New York.

Middling
to. 08

.07H

.08A

.08A

.08A

«H|

New
OrleanB.

.Ofii

.05J
•05}g

.07i

.08i

.09

•08A

.0

•08S
.081

.08A

.U7}i

.08
• orig
.061

I

.06 I

•osti

.06A

.Ooji

05A
.05'

Middling.
JO. 071

.07A

.071

.071

.061

.06A

.05*

.05ft
•05ft

Cincin-
natL

.061

.07U

.OBJ

.08t

.08A

.06}g

.071

.071

.07A

.071

•071

J

•07A
.06A
.051

.(6i

05iJ
.05t
.(Hi

WJg
.05

Middling.
fu.osi

.071

.08i

.08

.071

.071

.07

.061

.051

.051

.07

.071

.081

.09

.Oft|

.07

.07f

.08

.071

.071

.081

.081

.061

.05i

.051

.06

.05J

.051

.051

•O&ft

St Louis.

Middling
JO.offt

• 07ft

•07A

.06}

.061

.051

.051

.051

.0611

.071

.OKf

.08t

.USA

.06J

.07A

.071

• Wft
.071

• 07}|

.061

•05ft
•05A

•0511
.05/
.05

.04iJ
•05A

Number and value offarm animals in the United States, 1880 to 1899.

[From Division of Statistics.]
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dumber and value offarm animals in the United States, 18S0 to 1809—Ckjnt'd.

January
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Number, average price, and total value of faiin animals in the United States on
January 1, 1899, by States—Continued.

States and Territories.

North Carolina
South Carolina.
Georgia ,

Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas
Tennessee
West Virginia.

.

Kentucky
Ohio
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa
Missouri
Kansas
Nebraska
South Dakota .

.

North Dakota..
Montana
Wyoming
Colorado -

New Mexico
Arizona
Utah
Nevada
Idaho
Washington
Oregon
California
Oklahoma

Total

Horses.

Number.

UG,C97
m, !»79

IK I, aw
37,«7;J

132,2^1
201,477
143,593

1.137,015
2:34,5%
317,601
1.51,847
3tW, WK
C.-)3, 499
410,410
«i(il,271

1,(X«,299
40i», »22
4.5.5, 122
981,3.52

7C2, 734
734, 881
0.52, 284
291), 740
175, 137

104, 92:3

72, 2.58

HS,(>i7
83, .351

.50.414

08, »95
4t,;3(J5

12H, 077
lf,9, 094
185, 844
342, 265
42, W9

Average
price.

$47.96
51.45
46.09
39.54
39.86
37.25
32.48
17.67
29.13
36.35
36.64
34.41
4.5.59

51.23
39.77
40.30
49.90
44.75
38.40
28. 02
29.85
34.09
30. .56

42.21
21.16
18.15
21. 77
15. .55

a5..5e

20. 26
11.94
21.86
31.03
20.51
27. .54

19.86

Value.

$7,0.35, .577

3,440,020
5,082,333
l,489,7:i5

5,270,259
7,.504,111

4, («3. 9a5
20,088,788
o,8:3;j,080

11,.54!, 013
5, .503, 827

12, .581, 471
29,791,046
21,02:3,483
2:3, IH (9, 5.57

40,4:37,954

20, 473, 290
20,:300,015

37,680,806
21, :37 1,427
21, 9;J5, 8:5:3

22,629,0:31
8,8.S4,:541

7, 392, 3<U)

3, 490, 193
1,:31 1,701
3, 0.S2. .5:38

1,290,524
1,288,404
l,as:3,753

529, 107

2, 799, 9.57

.5,205,775
4.9:.'7,.567

9, 420. 483
847, 182

Mules.

Number.

111,398
97, :357

158, .594

8, :354

129,720
163, 082
IH), !H)4

as,Kso
14.5. .504

151,2lk5

7,412
100, 547
17,228
2, 046

41,ti5(J

82. 22.5

4, 7.54

8,410
31,.547

18:3, :302

79, 410
4:3,016

6, 09:3

7,0:30

i'24

1,514
8,007
3,472
1,041
1,599
1,394

917
1.4-41

1

5,009 ;

.52,915 .

8,407 ,

Average
price.

Value.

$55.05
00.28
01.01
57.07
48.72
.51.32

.57.03

29.96
37. .59

39.36
45.47
37.6:3

47.72
51.61
44.44
44.41
49.79
49.03
43.12
36.03
39.25
44.13
4:3.82

55.44
36.45
34.17
44.:30

30.59
29.50
32.73
23.22
33.26
4.5.16

29.86
34.15
28.41

$6,1W.903
5,809.011
9,670.003

470. 792
6, ;320, a59
8,;3fV<,«v»)

7,972.280
5, +09. .V>5

3:37.(155

4,(i«<9.25»5

822, 190
]:3ti..55t

1,851.093
3,0.51.271

2:i»i, 713
412.t»i3

l,.3»i0.209

6,t30«j, se
3,110,611
l,8!'8,;3O0

293. 2!/7

390, (Xi6

3:$, 079
.51,734

38:3,941

1(36, 198
30,713
52,329
32, :»s
:3(». .501

0.5.071

167, 488
1,807,174

2:38,821

13,66.5,307 37.40 511,074,813 2,1:34,213 44.96 95,963,261

States and Territories.

Maine
New Hampshire
Vermont
Massaoliusetts ..

Rhode Island
Connecticut
New York
New Jersey
Pennsylvania
Delaware
Maryland
Virginia
North Carolina .

South Carolina..
Qeorgia
Florida
Alabama
Mississippi
Louisiana
Texas
Arkansas
Tennessee.-
West Virginia. .

.

Kentucky
Ohio
Michigan
Indiana
Illinois
Wisconsin
Minnesota
Iowa
Missouri
Kansas

Milch cows.

Number, -^"^^r^se

197,878
1:3(3,825

271, (i02

179, 791
2.5, .511

14;!, 098
1,4.58,2.51

214,674
924,200
;35,376

1.55,022

244, 937
248, 20:3

12(), 702
2<»7,324

114,251
2.>t. 727
\li*S, 951

125, 747
700,802
r.W),808

25l,ti75

16: J, 895
248,208
736, 7:35

4.59, 107
611,975

1,(H)1,212

895, 823
(WO, 07:!

1,2.50,775
07.5. 195

680, 457

S30.50
33.65
30.85
37. 75
39.90
35. .55

3:3. .55

38.15
31.50
28.95
26. 95
22. 25
15. '.MJ

16. 75
2:3.00

15.60
15. 45
18.90
19. 10
2:3. 75
19.40
22.05
27.50
25. 40
31.05
31:50
31.10
33.60
31.;30

29. 45
34. 40
27.80
31.0;5

Value.

$6.0:5.5,279

4,0(^4,161

8,:378,922
6,787,110
1,017,889
.5,(W7,i;34

48, 924, 321
8, 189, 813

2^1,114,190
1,024,1:35

4,177.84:5
5,419.84**
;3,947,:tS2

2,123,204
0, 8:3H. 4.52

1,782,310
8, 9:15, 5:52

4.8.50.:574

2, K 11. 708
10. (U 1, 048
3,818,075
5.015,r)84

4,.507, 112
0, :»4, 4K3

22,87.5,622
14.:57(l,04«

19,0:52,422
3:5,040,72:5

28, 039, 22Jt

19,044,;520

43,(a>,060
18,714,821
21,128,190

All cattle, other than milch cows.

Number.
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Number, average i^rice, and total value of farm animaU in the United States on
January 1, 1S99, by States—Continued.

States and Territories.

Nebraska
South Dakota
Korth Dakota
Montana
Wvoniing
Colorado
New Mexico..
Arizona
Utah
Nevada
Idado
Washington..
Oregon
California
Oklahoma

Total ..

Milch cows.

Number. Average
price.

638,

372,

in,
43,

18,

91,

19,

18,

57,

18,

31,

115,

116,

318,

37,

15,990.115

$33.40
29.20
38.fi0

3t.40
;{8. 10
.34.95

31.00
•».(»
27.fi0

29.25
28.20
30.20
25.85
28.00
28.40

39.66

Value.

$21,000,250
10,871.773
4,892.688
1,513,;}94

(i!ll,134

3,203,727
598. 827
544.7.58

1,.594, 921
538.518
888,300

3, m. M7
3,013.619
8,915,900
1,051,198

474,233,925

All cattle, other than milch cows.

Number. ^1^1^^"" Value.

1,305.839
449,:«;2

3.53,640

953.508
6.«»4, 973
973, 3,59

701,967
381,812
.303,116

324, .31

7

384,05<5

265. 376
573, 646
OH. 704
257.5(J5

27,994,225

$27.92
20.69
2.5.84

2.5.48

26.10
25.73
16.89
16.90
19.33
19.80
20.26
20.95
19.83
18.01
23.79

22.79

$38,974.3:17
11,9«4..588
6,.53S.K53

»4. 273. 206
18,137.:)'9S

25,0;!8..538

11, 85.5, .522

6,4.5:{,2no

6,860,1.37
4,441.143
7, 7X2. 12.5

5,560.691
11,377,117
11,970,981
6,127,330

637,881,135

States and Territories.

Maine .

New Hampshire
Vermont
MassJK'hii.setts ..

Rhode Island
Connecticut
New York
New Jersey
Pennsylvania
Delaw^are
Maryland
Virginia
North Carolina.

.

South Carolina..
Georgia
Florida
Alabama
Mississippi
Louisiana ,

Texas
Ark.'insas
Tennessee
West Virginia
Kentucky ,

Ohio
Michigan ,

Indiana
Illinois
Wisconsin ,

Minnesota
Iowa
Mi.ssouri
Kansas
Nebraska
South Dakota....
North Dakota
Mont.aiin ,

Wvoniing
Colorado
New Mexico
Arizona ,

Utah
Nevada
Idaho
Wa.shington ,

Oregon
California
Oklahoma

Total

Sheep. Swine.

Number. Average

246.628
78.389

ia5,940
40.437
10, 715
31,745

841.9.55

43, -MU
790,604
13. 981

1.36, 135
369, .537

261 ; 400
66, .540

337, .584

83, .598

193, o:}3

239, 730
119,163

,54;i917
119,7:i3

286,063
440,014
597, (V43

,
7;«l. 471

,396,0.5;^

674, .5:K

61.3, 191

722, 967
410, 998
613, ;$4:!

616, 1(L'

231. 192

292.779
:i63. 697
3.59. 721

,377, .547

,
:t3«. 025
6.55, .551

128, «I2
,((U.3S7

,116.949
57t'.. !(94

,311,KS0

7.59. M34

, 575. 4(W
,175. .545

22,983

39,114,453

$3.07
3.11
3. 48
4.35
3.49
3. 77
4.33
4.03
3.75
3.69
3.38
2.87
1..52

1..50

1..59

1.58
1.39
1.49
1.44
1.75
1.59
2.02
3.04
2.78
3.55
3. 58
3. 95
3.72
3. 4.3

3. !Mi

3. 70
.3.(N»

3.87
3.17
3.11
2.83
2 72
3! OS
2.71
1.99
2.27
2. 43
2.21
3. 65
2.74
2. 49
2.61
2.32

2.76

Value. Number.

$7.58,381

243. (m
576. 8f>8

171,8.57

37,;i68

119. .552

3,557,260
17(»,338

2,96.3,184

47,874
460. 0<38

1,0.59.80:3

396,021
99. 810

.520. 303
133. 08.5

209,281
a55. 985
172, 190

4,448,(K»
189.777
577,418

1,3;«),4<»2

l,660.8.5(t

0, 680. S.H5

4,997,869
2. m\ 763
2.381.377
2, 479, 77S

1,3 1 7, .377

3, 369, .369

1,850,1.54

66:1.532

928.2.56

1,1-J9,643
1.014.413
9. 186.93H

7.172.(V4;5

4, 4Kt!, 543
6,31.3..5'«J

2.2<.m,896

5. l:«»,9.53

1.375,1.57

6. i:i2.3<V2

2, (Kt. 9.57

6, 4(i:{, IN)]

5, 743, :i.52

53,;)07

107.697,530

7.5, .306

.56,104

76,208
54,84<5

13. 733
54. ia5

645, 337
151,130

l,04:3,;m
.50,5.56

.3.31,8,53

917. .550

1,369. 701
1,041.463
2,09.3,987

439, 138
l,8«-i6.tH0

l,9.57.:i!(9

7{t6. 498

3, 6t4. 9S7

1.380,130
1,.570, 1.54

:K1..5t>3

1,.'J.57,765

2.307,051
7;J5,o:i5

1,340.2:11
3,008.3<Vi

939, 7ti:i

411.:ra
3, 408. 3H1

2,949,818
1,.591,341
l,:i5;j.671

14.5,469

111.959
43.3»V.

•^, ;!45

30,713
.•«),2<W

47,808
10,441
7.5,718

1
-.6. 74.8

316. 4:10

374.141
89,891

38.051,631

Average
price.

S8.20
S.16
7. .50

9.04
8.42

10.m
6. iA
8.01
7.61

.5.87

.5.86

.3.73

.3.29

;3.44

3.87
2.04
2.84
3.90
3. 94
3.47
3. .«
;}.39

.3. 92
3 ;t:5

5. fC
5.30
4.93
5. 53
6.3t
5. tt3

5. 75
3.W
5. (M
5. ;t»

5. 67
6. OS

.5! 98
4.W
4.43
3.84
6. 9l!

4..51

5. «3
5. ft5

4.03
4.47
4.37

4.40

Value.

§61 7. .509

457, 949
.571..864
495. 698
11.5. .5:57

5«i. .535

4.316.948
1,310.849
7,9:JC>,(»97

296. 763
1,944,660
3.433,463
4,:50:t,-»K?

3. 578. 4>»
8,0!>5.35;5

877. i:{8

5,391.!r35

.5. 67 3. .54:5

2,:i41.7(H
9.316.<.KI<>

2, 983. (MJ
5. 168. <I47

1.2<tt(,7:!2

4, .54s. 513
11,573.167
3,83t.:«7
6.591.3.57

ii,07r.M)
.5,801.731

2.317.974
19..590.8(NI

11.696.<r38

8,031.9.50

7, 301..539
R34.0S.5

e.'^O. 713
305. 1.56

1.3:1. .5.55

1(13. :«r>

i:st..VKt

89.418
•.it:. 5'>8

47.401
4 U. 4:1s

8K.;, 3.53

M'.t. Ktl
1.67:t.!»07

;«{, 8:15

170,109,743
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AVERAGE PRICES FOR IMPORTS AND EXPORTS.
[From Section of Foreign Markets.)

Avera(,e import jn'ice of agricKlttiral products imported into the United States
during each of the Jive fiscal years 1S94-1S0S.

[The import prices of merchandise here triven represent " the actual market value or wholesale
price of such inen-handisoc'is bought and sold in usual wholesale quantities, at the time of expor-
tation to the United States, in the principal markets of the country from whence imported, and
in the condition in which such merchandise is there bouRht and sold for exportation to the
United States, or consigned to the United States for sale, including the vaUie of all cartons,
cases, crates, boxes, sacks, and coverings of any kind, and all costs, charges, and expenses inci-

dent to placing the merchandise in condition, packed ready for shipment to the United States
"'

(Actof .June II), 1890.)

The export prices are the actual market values in the port of shipment]

Articles imported.
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Average import price of agricultural products imported into the United States
dnriug each of the five fmcal years IS'Jj^-lS'jS—Continued.

Articles imported.

VEGETAULK MATTKU—continued.

Total chicory root pound.
Coflfee su))8titutes, n. e. s do...
Total coffee substitutes do...
Cotton , n nniauufactured do . .

.

Flax, and tow of ton.
Flax, hackled, etc. do...
Hemp, and tow of do..
Hemp, hackled, etc do..
Istle or Tampico flber do..
Jute and jute butts do
Manila hemp do
Sisal grass do
Fibers, n. e. s do
Fruit juices:

Prune juice or prune wine gallon..
All other, including cherry juice do

Total fruit juices - do
Currants pound .

.

Dates do
Figs - do
Plums and prunes do
Raisins do
Almonds -. - do
Hay ton..
Hops - pound -

.

Indigo - do
Malt, barley bushel..
Malt liquors in bottles or jugs gallon..
Malt li(]uors in other receptacles do
Total malt liciuors do
Oil cake pound..
Olive oil. gallon..
Volatile or essential oil jiound..
Opium, crude or unmanufactured l.do
Opium, prepared do
Total opium do
Bice - - do
Bice flour, rice meal, and broken rice do
Total rice and rice meal do
Linseed, or flaxseed bushel..
Spices, unground:

Nutmegs pound..
Pepper, black and white do
Other do....

Spices, ground, etc do
Total spices. do
Spirit--', distilled:

Of domestic manufacture, returned, proof
gallon

Brandy proof gallon..
All other do

Total distilled spirits do
Starch pound..
Straw ton..
Molasses gallon .

.

Beet sugar, not above No. IG Dutch standard,
pound

Sugar, other than beet, not above No. lb Dutch
standard pound..

Sugar, above No. 10 Dutch standard do
Total sugar do. . .

Tea do....
Tobacco, leaf:

Suitable for cigar wrappers do
Other do....

Total loaf tobacco do
Vanilla beans do
Beans and peas bushel..
Cabbages numlxsr..
Onions bushel..
Potatoes do
Vinegar gallon..
Champagne and other sparkling wines, dozen
bottles

Still wines:
In bottles dozen..
In casks gallon..

Years ended June 30—

1894.

;}

$0.02")

.040

.037

.108

397.18

14«. 74

.53 G8
;u.30
113.91
77.21
84. 0«

.862

.015

.031

.049

.013

.040

.103
8.78
.585
.709

1.13
.951
.31(5

.519

.005
1.30
.385

3.36
0.30
3.01
.018
.015
.017

1.18

.347

.053

.063

.155

.074

.858
3 »'Z

1.04
1.13
.031

3.28
.101

.031

.029

.0:38

.151

1.15
.387
.559

4.24
.944

1895.

.435

.370

14.74

4.81

SO. 017
Am
. (k:2

.mi
301.43
473. 16
133.33
104. 46
46.65
24.88
80.76
57.M
53.79

.739

.016

.021

.050

.037

.041

.103
7.10
.101
..5()9

.077

.953

.30:3

.510

.007
1.23

3.04
6. .58

3.31
.017
.014
.016

1.09

.311

.0:39

.0.5!)

.132

.003

.870
2 00
1.00
1.2:3

.019
3.17
.086

.020

.021

.028

.031

.135

1.27
.a59
. 5.5:3

3.61
1.01

1896.

Sf).014

.017

.119
179.31
488.63
l:i.5. 30
34:5.05

58. 78
22. 49
76.30
65.47
41.13

.830

.450

.264

4.82
.697

.017

.030

.054

.142

.043

.098
9.16
.217
..501

.856

.970

.293

..507

.006
1.17

1.87
7.44
3.06
.016
.013
.015

1.08

.330

.039

.0.52

.113

.060

.913
2.66
1.16
1.21

. 018
3.95

. 157

.023

.022

.02t)

.023

.135

1.07
.394
.501

4.:30

1.07
.044

.738

.30(3

14.73

4.86
.688

1897.

80.014
.037
.017
.113

168.01
;375.01

124.37
273.71
.53. 20
23.93
73. tW
00.61
60.32

.701

.030

.034

.060

.103

.045

.091
8.59
.209
.482
.847
.978
.379
.530
.007

1.22

2.04
7.21
2.70
.019
.015
.018

1.08

.270

.047

.fl5:3

.111

.06-1

.903
3.70
1.20
1.27
.018

3.;38

.1.58

.018

.031

.(Go

.020

.131

.935

..5)ri

.694
5.36
1.01
.055
1.12
.591

.270

14.64

4.77
.680

1898.

$0,010
.0134

.0:30

.095

21.5.88

139.49

.50.84

22.65
64.44
74.58
02.33

.890

.489

.621

.03:3

.027

.053

.130

.058

.115
8.92
.273
.586
.925
.948
.285
.479
.004

1.25

2.14
6. .51

4.10
.022
.016
.030

1.11

.273

.065

.065

.100

.076

.StW
2.87
l.:3o

1.21
.017

3.08
.151

.019

.023

.034

.022

.110

.981

.551

.715
4.37
.913

.878

.404

.301

14.58

4.88
.721
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Average exjiort price of cu/riodtural prodiictfi exported from the United States
during each of the five fiscal yearn lS',).'f-18DS.

Articles exported.
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Average export price of afirk'ultural products exported from the. United Statea
duriiKj each of the five fiscal years i6'i/4-i<S'iy.S'—Continued.

Articles exported.
Years ended June 30—

1804. 1805. 1806. 1897. 1808.

VECJETAHLio .MATTEit—continued.

Brandy proof gallon.
Rum do...
Bourbon whisky do . .

.

Rye wlii.sky do...
Distilled spirits, n. e. s do...
Total distilled spirits do. ..

Starch - jiound
Molasses and siru;i palloii.

Sugar, brown pound.
Sugar, refined do...
Total sug<ir - do...
Sugar meal do...
Tobacco, leaf do...
Tobacco, stems and trimmings do ..

Total tobacco, unmauulactured rlo...

Beans and peas bushel.
Onions do...
Potatoes do...
Vinegar gallon

.

Wine, in bottles dozen.
Wine in other receptacles gallon.

$().8()."i

l.ll
.itoi;

1.04
.4:jl

.«78

.033

.111

.038

.044

.044

.085

.a5?

.083
1.76
l.Ol
.813
.140

4.C2
.474

$t). 043
1.39
1.(0
1.97

.!tl4

.(«l

.093

.033

.040

.045

.087

.035

.080
1.77

. 876

.7:«)

.141

4.04
.485

$0,978
i.'-m

1.:M
1.70
.4.50

.9(17

.03S

.1(N>

. 0,1")

.049

.049

.017

.085

.031

.0K5
1.3:}

.7:38

..546

.i:i8

4.05
.431

$1.07
1.3(!

.742
1.80
.451
.834
.031
.088
.o:!3

.(M7

.(H5

$1..50

1.39
.841

1.78
.818
.0:i7

.019

.093

.(KB

.050

.(M9

.080
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Value of sugar imported into the United States from the ]}rineip(d eonntries of
supply dnriiKj each fiscal year from IS'J.'f to IS'JS, inclusive.

[From Section of Foreign Markets.]

Countries from
which imported.

Cuba
Germauy
Hawaii."
Dutch East Indies.

.

British West Indies.
British Guiana
Brazil
Santo Domingo
Philippine IsUinds.-
Porto Rico
Egnit
Belgium
United Kingdom—
Netherlands
Austria-Hungary ..

China
France
Dutch Guiana
Danish West Indies

.

Hongkong
British Africa
Canada
Other countries

Years ended June 30—

1894.

Dollars.
63, 147, 74o
11,188,222
», 461, 857
7,808,871
6,890,949
4,210.414
5,688,714
2,875,810
3.6.5.''>,627

2,394.051

2,357,754
1,824.072

789, 668
1,423,083
800,218
428, 506
426,541
473, 15:5

4:35. 738
134, 514
193,476
246,906

Tnta! 126,871,889

18D5.

Dollarx.

40,l(JO,20t
6.332,916
7. 403, 658
5,7.59,4.36

3,989.614
2,517,726
2,701,287
1,188,9.51
1.111.006

994. (XS4

.5%, 277
4.5s, 779
976, 266
296,761
178. 472
6(i8,2«7

1,412
19.5. .589

205,333
2.36,292

49, 725
289,060
211,701

76,462,8.30

1896. 1897 1898.

Dollars.
24,102,8.35
12. .528, 7.55

11.3:36,796
11,388.487
4,700,527
:3, 414, 368
3. 776, 486
2, 4.59, 302
2.270.902
1.707,308
2, a57, 425
1.771,980
1,402,694
1,182.605

9.5s, 402
920. .301

859. 3.59

269.243
261. ?28
a53, 610
461.054
92,692

322,914

Dollars.
11,982,473
29,844,019
1:3,16.5.084

13, 090. 32:5

5. 89;{, 877
3.a57,025
2,136,989
2,059,169
1,199,202
1,.577. 911
2,616,423
2,311,309
1,4.52.004

1,916.933
1,9.57.027

31:5.803

1,421.317
;M».9.59

316, 781
87, 4fi5

417.8.50

74, 191

1,194,047

Dollars.
9, 828. (ai7

3,.520.79«i

16.6(i0.412
11,250.181
4, .V)2, 4.54

3,(M.5.taH!

2,:n7.'M)
2,0:50.2:39

381,279
1,91:5,742

1,2:30,071
:31,i)09

.5rH,714

9.57.908

67.831
176, 751

480
58.5.326

312,446
107,295
131,4<i9

32, .589

832,594

Annual average,
1894-1898.

Dollars.
29,832,373
12,684,942
11,605,563
9,8.59,460
5. 205, 484
3,370,240
;5, 324, 293
2,122,694
1,723,603
1,717,419
1.420,0(50

1,386,346
1,231,950
1,028,775
916,963
575,873
542,215
375,532
31.3,888

244,080
2:38,922

136,402
561,633

89,219.773 I 99,(«6,181 60,472,749 90,418,686II I

Perct.
32.99
14. a5
12.84
10.90
5.76
3.73
3.68
2.15
1.91
1.90
1..57

1.53
l.:56

1.14
1.01
.64
.60
.41
.;35

.27

.26

.15

.62

100.00

Average price per pound of " Standard A" sugar in the New York market and
average consumption of sugar of all grades, per capita of population, in the

United States from 1S7S to 1S!.)S.

[From Bureau of Statistics, Treasury Department]

Calendar year-

JAverage
I price

per
pound.

1878
1879
1880
1881
1882
188:3

1884
18a5
I88»i

1887
1888

Cent
8.

8.

9.

9.

8.

8.

6.

6.

.5.

5.

6.

Consump-
tion per
capita of
popula-
tion.

Poutids.
34.3
40.7
42.9
44.2
48.4
.51.

1

5.3.4

51.8
56.9
62.7
56.7

Calendar year-

Average
price
per

pound.

1889
1890
1891
1892
1893
1894
1895
1896
1897
1898

Cents.
7.50
6.00
4.47
4.21
4.?2
4.(X)

4.00
4.41
4.;58

4.84

Consump-
tion per
capita of
popula-
tion.

Pounds.
51.8
52.

»

66 1

0:5.

5

6:5.9

66.

62.

6

61.6
(U. 5
01.1
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TEA, COFFEE, AND LiaUORS.

Consumption of tea, coffee, iriues, distilled spirits, and malt liquors in the United
States, ijer capnta of ptopidation, 1S7U to JSf/H.

[From Bureau of Statistics, Treasury Department. ]

Year ending June 30—
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]\fiscenaiirous commodities, New York to Clticnyo by mil,

AVElt^VGE RATES FOR LESS THAN CARLOAD QUANTITIES, IN CENTS, PER 100
POUNDS.

[From Bulletin No. 14, Miscellaneous Series, of the Division of Statistics.]



AVERAGE FREIGHT RATES ON STOCK AND MEATS. 72rj

MiscellaneuuH commodities. New York to Chicago Inj rail—Continued.

AVERAGE RATES, REGARDLESS OP QUANTITY SHIPPED, IN CENTS, PER KJO
POUNDS.

Year.
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Groin, Chicago to New York.

AVERAGE RATES, IN CENTS, PER BUSHEL.

LFrom Bulletin No. 14, Miscellaneous Series, of the Divi.sion of Statistics.]



AVERAGE FREIGHT RATES PER TON PER MILE. 727

Average freigiit rates, in cents, per ton per mile.

[From Bulletin No. 14, Miscellaneous Series, of the Division of Statistics. ]

Year.
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Afernge rates, in cents, per passenger per mile.

[From Bulletin No. 14, Miscellaneous Series, of the Division of Stat.siics.]



II^DEX.

Page.

Abilene, Tex. , note on station for study of forage resources . 40
Abortion in mares ami cows, millet as cause 290
Acacid faniesidixi, use for perfumery 394
Acclimatization of animals and plants, notes 87
Accounts and Disbursements Division, observations bj' the Secretary 61

organization and duties 596
Adulteration, food, investigation in imports 30
Adulterations of grass seeds, notes 483-494
Aerial observations by means of kites in weather service 20

stations, new, list for Weather Bureau 83
Age of domestic animals, determination by teeth 667
Agricultural and mechanical colleges, common features 73

sket; hes 07-74
chemists, official, cooperation of Department, 29
colleges and other institutions having courses in agriculture . r)97

note on experimental tree planting. . _ 189
some terms of admission GO, G7. 09. 71 , 72, 73, 75, 76, 79

types of American, article by A. C. True (i3-80

education, extension and popularization 48.49
experiment stations, organization and lines of work .j1»><-60I

experiments in Alaska, article by C C. Georgesim .')1.5-."J24

products, average prices of exports and imports 718-721

imports and exports 70.')-717

prices on the farm. ISIU to 1898 693-694
wholesale jn-ices on leading United States markets,

1893 to 1898 09.V701

resources of insular deiiendencies of United States, investiga-

tion -- 19

science, facilities of Department for post-graduate instruction 18

societies, State, secretaries 610

Society, United States, report in is,"))! on Angora goats 435

Agriculture, colleges and other institutions having courses 397

dependence of Hawaiian Islands 566

in Puerto Rico, article by Roy Stono 505-514
Secretary. (.Sec Secretary of Agriculture.)
State officials in charge, list 009

Ayrosti.s species, notes on usefulness and seed 493. 494
!/})sil(>ii and (Dnicm as cutworms in tobacco, figures 141

Agrostology, Division, observations by Secretary 39-41

organizati< .n and duties 595

publications, 1898. 602

note on studies of Division 11

Air, movement, and appearance of the sky in relation to winds 526

note ( )n i)urifying effect of weeds 196

Tipper, use of kites in exploration, article by C. F. Marvin 201-213

Alabama, character of public lands. 347

note on possiViility of production of lavender oil 3!)0

Tnskegee colored institution 64

Polytechnic Institute, sketch 72

public lands 326. ;W0

729
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Page.

Alaska, agricultural experiments, article by C. C. Georgcson 51.5-534
investigations 49

application of United States land laws 354
character of public lands 348
note on climate and crop service 22

establishment of climate and crop service 81
probleni in cattle raising 523
public lands .. .. 320
site for experiment station in Sitka 52:i

statement by Secretary as to products 12
"Alcoholic perfumery, notes 377,378
Alei/nxh's fabaci, damage to tobacco 143
Alfalfa, germination in alkali soil _ 536

Turkestan, note on experiments 39
Algeria, injiiry to tobacco bj' Gelechia .. 139
Alkali , effect on plant growth . .503, 536

lands, drainage 502
prepaiation for cereals by planting saltbush 539
suggestion as to reclamation . _

.

501
worst, characteristics 503

method of removal from soil 503
note on relation to productiveness of soil KJ5
soil, adaptability of barnyard millet 279
soils, forage plants, conclusions and recommendations 549

for cultivation, article by Jared G. Smith 53.5-550

native plants. 537
of Yellowstone Valley, investigation. 41

Allen, C. L., statements as to practice of growers of seed on Long Island. . . 363
AUciiroIfca occidental is, notes 536, .548

Almond, imports, prices, varieties, extraction of oils, etc 392
Alopecnt'iis prate.iisis. notes on use, and seed 492
Alston, E. Gr. , experiments with saltbu.shes in alkali soils 537
Alternaria, species, cause or leaf-spot disease of violets _ 201
Alwooil, Professor, observations of tobacco worms 129
American dietary studies, table showing summary 4.50

saltbushes, discussion _. 544-549
Ames, Iowa, test of steel-track wagon road 293
Amm<>}}]iiJa arcnaria, use in sand binding 407,409
Anaheim disease, ravages among California grapes 554
Anderson Brothers, notes on growing vegetables in Alaska 520
Anglo-Saxons, control of coffee industry in Hawaii 569
Angora goat, origin, value of fleece, first importation.. 432

goats, estimate of total number in United States 430
note on increase 423
protection by fleece against cold 424

Animal and vegetable food in dietaries, discussion 440
foods, nutritive content 446
Industry. [See Bureau.)

Animals, noxious, danger of introducing, article by T. S. Palmer.. 87-110
Anise, notes on imports and problem of growing in America 393
"Ankee," use by Indians, do.sirability. etc 278
Anticyclones, explanation of term 520
Antitoxin scrum for hog cholera, note by Secretary 13

Apple and jiear, note on tendency to self-sterility. 167
grading after evaporation 312
pear, plum, and cherry, objects and methods of pruning 102

Apples and pears, especially fruitful varieties 178
conclusions regarding cross ])olli nation 177
discussion of cross pollination „ 175-177
note on varieties in tran.s-Mi.ssi8sippi region 56
treatment for evaporation , 311
value of cores and skins 312

Appointment ('lerk, duties 593
Apjiropriation, emergouj', statement by Secretary as to need 13
Appropriations for Department, 1N!»7. isiis, uiid 1.S9'.)

. 590
experimental operations in Alaska _ 51,515
extension of weather service in arid region 20

I

I
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Appropriations lack for increase of work of Biological Survey 33
observations by .Secretary on need of fund for investigations

in insular dependencies 19
requirement for iiTigatiou investigation 53, 54

Area and population of Hawaiian Islands 563
Arid and humid regions, comparison as to soils and rainfall 500

regions, conditions as to soluble salts in soils 498
Arizona, growth of saltbush 540

public lands 326, 330
public lands, character; water supply; irrigation. 335

Arkansas, character of public lands. ." 340
public lands 326, 330
River, usefulness of Redfield's grass as sand binder 417

Aromatics, umbelliferous, notes 393
Arsenical poi^^on, use against insect enemies of tobacco. 125

spray, use against tobacco insects. 139, 1 42, 150
Arsenicals. preparation and use as insecticides 659

xiae against bean and pea beetles 250, 252, 254, 255
Arsenites, use against caterpillars 258
Artesian wells for irrigation, notes _ 338, 340, 341 , 342, 343, 344, 345, 346
Arthur, remarks on ripening from immature seeds 363
Ash-gray blister beetle, injury, life history, and remedies 249

in saltbushes, notes 538
Asia, exi»eriments with grass seeds, 40

use of millets as food . _ 277
Asiatic conifers, value of root pruning. 157

laborers in Hawaiian Islands, conditions 579
Assistant Secretary of Agriculture, direction of seed distribution. 35

duties 593
Astragalin lis ti^istis. (See Goldfinch.)
Atkinson, George F. , observations of cigarette beetle .... 145

Professor, note on experiments in steaming tobacco 147
Atriplex sem ibaccata , description and use 539

species, notes 538, 541 , 542, 544, 546, 547
Attar of roses, value and manufacture 381
Attenuated cultures of tuberculin, note on production; importance 113, 114
Atwater, VV. O., inauguration of work in dietary studies 440
Australia, destructiveness of fruit bat 97

injuries by starling 102
introduction of English sparrows 100
native saltbushes 539
notes on rabbits as pest 93
Western, notes on law against destructive animals 109

Australian saltbush. description and use; value for alkali soils 537. 539
Austria-Hungary, note on reports of trade with United States 37-39
Awnless brome, notes on grass and seed, description of seed 491

Awns, distinction of rye grass seeds 490
of grass seed, notes 475

Bacteria, manipulation in preparation of tuberculin 112
Bacteriosis, study 264
Bailey, C. P. , statement as to improvement of pastures by goats 437

L. H. , remark on changes in apple produced bj' climatic condition .

.

873
development of new races of plants 368

Bait, arsenic, preparation and use as insecticide 659
Balbi, Jo.seph F. , statement as to Malta goats 433
Baldwin apple, increase of fruit by cross pollination 176
Baltimore oriole as enemy of pea weevil 237
Bamboo, suggestion as sand binder 420
Banana cult! vation in Puerto Rico, observations of Puerto Rican 503
Bananas in Hawaiian Islands, quantity and quality 571

Barley, average value and yield per acre, 1894 to 1898 6S»0

in Alaska, notes 518
prices on the farm, December 1. 1891 to 1^98 (593

statistics of acreage, production, and value, 1S()0-1898 079
wholesale prices on leading United States markets, 1893-1898 098

Barnes, Almont, article on " Keeping goats for profit " 421-438
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Barnwell. J. S. . statement as to injuries to tobacco by binl worm , . 133

Barnj-ard niannre. ns'-^ for millets 284
mil' ets, discussion ?'G-281

Barometer, action in hurricane 531

Bay berry, use in binding? sands 411

Beach grass, extensive growth at Cape Cod. 411

use in saml ])inding 407, 409

Beal. F. E. L.. estimate of amount of weed seed eaten by birds 22.j

Bean, ladybird, descri])tion, distribution, remedies 2ol

leaf beetle, description, distribution, life liistory, and remedies 253
roller, notes • -

2."')8

weevil , common, discussion 239-243
four-spotted, distribution and history 24.")

remedies 247
life histoi y and habits 241
Mexican, notes 248

Beans and peas, insects injurious, article by F. H. Chittenden 233-260
attacks of boll or corn-ear worm and flea beetles 255
weevile<l, reason against planting 242

Bee. pollination of flowers . . 169

Beef cattle, experiment in feeding with beet pulp. 216
statistic s of inspection in 1898 23

Bees, necessity to orchardist 180

note on transportation of pollen. 175
use of weeds on vacant city lots 196

Beet pulj), experiments in feeding; cost and feeding value 217
sugar, and food investigations 30

industry, value to farmer 220
manufacture residues, utilization in cattle feeding, article bv
G. L. Spencer '. 213-220

note on distribution of seed 36
Beetle, flea, description; in.iuries to tobacco; remedies 123-128

Beetles, blister, notes on history and remedies. 249-251
genus injurious to legumes _ . ...._... 233
injuries by several species to dried tobacco. 148

Beets, improvement of sugar content by lireeding . 370
Belt, remark on artiftcial selection in plant breeding 366
Ben Davis apple, note on crossing with other varieties 177
Bent grasses, notes on seed 494
Benzine, use against cigarette beetle 147

Berckmans, P. J., statement as to rose for manufacture of attar 383

Bergamot, notes on extraction, prices, and adulteration of oil 386
Bermuda gi-ass. germinating power of seed 479
lii'ti(hi lento, use for wintergreen oil 396
Bicycle, note as to diminution of weight 295

usefulness of steel-track wagon road 294
BiriELOw, F. H., article on '"Cyclones, hurricanes, and tornadoes" 525-534
Billings, Mont., note oti draina.ge of alkali lands 502
Biochemic Division, Bureati of Animal Industry, method of preparing tuber-

culin Ill

Biological Survey, Division, organization and duties 495
note on study of life zones and of animal habits 10
observations by h'ecretai y on work 32-34
publications, l.s98 603

Birch, sweet, use for ]>roduction of wintergreen oil 396
Birds and mammals, study by Biological Sinvey 33

as weed destr< )yers. article by Sylvester D. Judd 221-232
destruction by mongoose in .lamaica 94

wild house cats 90
game, discussion of use of weed seed as food 231
note on immunity of ladybirds from attack 2.52

noxious. an<l animals, danger of introducing, article byT. S. Palmer. 87-110
Bumniary of observations on destruction of weed seeds 232
U'^o of seed of weeds on vacant city lota 196

Bird seed mixtures, use of millet seed 288
Bisulithid(>i)f carbon, fumigation for weevil {see alito Carbon) 237

lime, use as insecticide 663
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Page.

Bitter almond, imports, prices, varieties, extraction of oils, etc 392
panic grass, description; suggestion for binding sands 414

Black alkali in soil, effect on plants 501
Col. William L., estimate of number of Angora goats 438
rat, notes on history and distribution 92

Blackberries and raspberries, uses and methods of pruning IGl
Blackbird, note on eating of weed seed 222
Blackbirds and their allies, eating of weed seed 230
Blackleg, investigation , 28
Blights of fruit and leaf, notes for 1898 652
Blister beetles, notes on history and remedies 249-251
Blizzard, effect on development of Texas fever in cattle 466
Blossom, apple, description 175

of quince, description .... 178
pear, description 168

Blue grass, sand, usefulness as sand binder 419
seaside, descrii)tion ; usefulness for binding sands 416
seed, Kentuckv, description and yield 482, 483

yield... .'
483

gravel, note on use on roads 321
Hill Observatory, kite ascensions 201
saltbush, notes 543

Bobwhite. destruction of weed seed 231
Bogart, Eugene R.. growing of vegetables in Alaska 519
Boilworm or corn-ear worm, description and remedies 255
Bordeaux mixture aa remedy for blister beetle. 250
Bortnovsky, Rev. Ivan, observations on stock raising in Alaska 521
Botanical studies, usefulness of weeds 196, 198

survey at Sitka and Cook Inlet, Alaska 50
Botany, Division, observations of Secretary 54-56

organization and duties. 595
publications. 1898 603

note on work in introduction of plants and in seed testing... 11
Bounties for mongoose in Hawaiian Islands, failure 95
Bounty for destruction cf English sparrow in Bermuda 100
Brackett, G. B., article on "Utilizing surplus fruits" 309-316
Brady. John G., note on garden in Alaska 516
Bran-arsenic bait, preparation and use 659

mash, use against cutworms in tobacco 141
Brandy, orchard , manufacture from i)omace 315

production in California, growth 560
Brazil, four-spotted bean weevil 246
Bread, relative cost of homemade and baker s 447

state, cheapness, and nutritive value 449
Breadstuffs, imports and exports for five years ended June 30, 1899 707, 714
Brecksville, experimental steel- track wagon road 292
Breeders" associations, secretaries 613-616
Breeding of plants, need of clearly defined ideal of type 364

processes 355
roses, lemons, and oranges, notes ^ . . . 376

plant, work of Divisio7i of Vegetable Physiology and Pathology . . 264
use of tuberculous animals 118

Breeds of cattle in Hawaiian Islands, notes 576
Bremen and Hamburg, shipment of California brandy 561
Brkjgs. Lyman J., article on " Movement and retention of water in soils". 399-404
Brome, awnless, adulteration of seed 480

notes on grass and seed; description of seed 491
soft, points of distinction from awnless brome 491

Brnm iix iiK'rm is. notes on grass and seed 491
Brooks. W. P. . application of name •

' Barnyard millets " 276
Broom-corn millets, discussion. «. 281-283

Scotch, iise in bindihg sands. 411

BriicJins obtictuN. {See Bean weevil.)
j)iNoritm. {See Pea weevil.)
species, notes .. 242.215. 247. '248

Bryant. A. P.. article on "Some results of dietary studies in the United
States " 439-452
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Buckwheat, statistics of acreage, production, and value, 1806-1898 679
" Bnd sports "" in plant breeding, notes 357

Bud worms, description ; injuries to tobacco; remedies 132

Buds, note on improvements of plants by selection 373

Bulijcaria. growinf? of roses for perfumery 381

Bull thistle as food of goldfinch 229

Bureau. ( Sa Weather.

)

of Animal Industry, commendation by Fort Worth convention of
cattlemen 456

experiments in dipping for Texa.s fever ticks. 455, 456
organization and d iities 594
publications, 1S98 603
regulations for testing cattle with tuberculin. 116
removal of quarantine from dipped cattle 469
review by Secretary of work and needs 23-28
statement of Secretary on work 12

Burs as means of distribution of weed seeds, note 195
Butter in Puerto Rico, lack 509

observations by Secretary on investigation of European markets..

.

15

price in Rutland, England 584
shipments, statement by Secretary 14
suggestion by Secretary for reputation in foreign markets 16

Buttonwood, note on usefulness for street trees 159

Cabbage, black rot, study in Department 263
notes on disease in 18US _ . _ 652
practice of Long Island growers in selection of seed 363

Calandra orijza. injury to tobacco 148
note on position as injurious to tobacco .. 122

California, character of public lands, their water supply and irrigation 339
development of raisin industry 560
experiment station , report on soil moisture in drought 403
greasewood, description, etc 548
growth of almonds 392

saltbush 540
injustice to reputation of wines ... 552
introduction of orange worm and of insect for Smyrna figs 31

lands, differences in production of grapes 561

note on quarantine regulations against noxious animals 108
rainfall in interior valley 82

notes on i)ossibility of growing lavender for perfumery. 389
species of Atriplex . . _ 546

plan for prevention of coulure among grapes 265
possibility of production of attar of roses 382
present condition of givipe culture, articleby George Husmann. 551-562
I)rohibition of importation of flying fox , 97
public lands _ 326, 330
ravages of Phylloxera and Anaheim disease 554
suggestion for trial of lavender, thyme, rosemary, and marjoram

for perfume . 391

trial of slender saltbush 541

Univeisity, sketch 79
Wine Makers' Corporation, figures on grape industry 558
wines, early mistakes in production 552

recognition in f<neign markets 556
tests and extension of 1 rade 557

Calves, note r.n relation of time of birth to value 454

statistics of in.spection in 1898. 23
use of millet seed .... 288

Canada, advantage of dairy ]iroducts in British markets 10

insiKJction of imported animals 26
thistle, presence of seed in Canadian blue-grass seed IH'!

Canary, wild, eating of weed seed 229

Cane, avi-rage number of acres manufactured in Hawaiian Islands 567

lands in Hawaii, ])ublic ;>49

sugar in Puerto Rico, note 511

Canneries in Alaska, note 524

«
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Canning of fruit, discussion 313
Cannon, ineffectiveness in breaking tornado tube 53:*

t'a)itli(tri.s nnWilli, notes 2r»0

Capillary movement of water. 399
Capital invested by English farm tenants, notes 588

relation to coffee industry in Hawaiian Islands 570
Caraway, use and culture for perfumery and seed, not^s 396
Carbon bisulphide, preparation and use as insecticide 6.59

use against cigarette beetle 146
tobacco worms in barn 131

Carbonic-acid gas, relation to growth and decay of weeds. 196, 197
Cariliiits laiiccolatiis. (See Bull thistle.)

"Carey Act" donation of arid lands to States 351

Caribbean Sea, observation stations of Weather Bureau _. 19
Carlson, Rev. A. E., note on garden at Unalaklik, Alaslta . 520
Carnations, cause of disease known as Bacteriosis 264
Carolina, four-spotted bean weevil . 245
Carp, infection with tiiberculosis from man 119
Carrot, wild, note on development by Louis de Vilmorin 369
Cascade Forest Reserve of Oregon, investigation of sheep grazing 54

problem of sheep grazing 1 87
Cashmere goats, protection by fleece against cold 424
Cassie or opopanax, use for perfumery 394
Caterpillars, descriptions, iniuries to legumes, and remedies 257
Cafoldcciis autlionomi, usefulness as parasite of cigarette beetle 147
Cats, destruction of birds 89
Cattle and .sheep, use of gray bush, formation of balls in stomach 544

average value January 1, 1880, to 1899 703
beef, experiments in feeding beet pulp 216
breeders" associations, secretaries 613
causes of failure of various materials for dipping for ticks. 455, 456, 457, 458
conclu-sion as to success of dipping with dynamo oil 464
conditions of success in dipping tor ticks 471
deaths from dipping for ticks . . 460, 462, 465. 466
degrees of immunity from Texas fever 467
determination of age by teeth 667
diminution of infection with Texas fever during cold weather 454
dipjjed, condition after trip from Texas to Illinois 463

removal of (luarantine restrictions 469
dipping, experimental and practical, article by "Victor A. Norgaard. 4.53-472

for ticks, summary of 1898 experience 471

resolution of live stock sanitary boards at Omaha 470
effect of parafifiu oil dip 450
experiment dipping in undiluted oil for fever ticks 458
feeding, utilization of beet-sugar residues, article by G. L. Spencer. 213-220
foreign, law for protection from contagion 613
grazing on beach grass : 412
growing in Hawaiian Lslands 574
harmful effect of .solid-oil bath 4.58

importance of good condition in dipping 469
increased success in dip])ing for fever ticks 460
inspections from United States and Canada for Great Britain 25
killing of forests in Hawaii 572
molas.ses as food 219
note on remedy for I'ever ticks 12
number and value in United States, 1880 to 1899 702

average price, total value. January 1, 1*^99, by States 703
objections to use of tuberculin in making tests 117
on English farms, notes . 585, 586, 587, 58S

percentage of loss by dipping for ticks in 1898 470
raising, conditions along coast of Alaska .'. 521

in Alaska, observations 520
Cuba, note 671

Puerto Rico 509
regulations of Bureau of Animal Industry for testing with tuber-

culin 116

remedies for Texas fever and blackleg 28
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Cattle report of Dr. Steddom on travel after dipping 462
running out the year around in Alaska 522
second Illinois experiment in dipjiing for ticks 465
sensitiveness to solutions for killing Texas fever ticks 455
statistics of inspection in 1898 23
steps for improvenaent of breeds 576
successful dipping at Mammoth Spring. Ark 469
test of short travel after dipping 464
tick as transmitter of Texas fever... 454

Cayey Range, moun tains of Puerto Rico, notes 505
Cedrat oil, note on iiiethod of extraction 385
Central Oljservatory of Mexico, note on extension of work 20
Cercosportp iiicotiiKC, injury to tobacco 124
Cereals and their products, importance in furnishing nutrients 446

forage iilants and fiax in Alaska, notes ... 518
note on study by chemist 29
preparation of alkali soils by planting saltbush 539
success in growing in Hawaii 572

Cerotoma trifurcatii, notes... 253
ChiPtochloa and Panicuni, notes 268
Chaff of grass seed, description 474
Chalcidid flies as destroyers of beetles 242

parasites of weevil . 245
Channing, Tex. , note on station for study of forage resources 40
Chatham Islands, destruction of birds by domesticated animals 90
Cheese in Puerto Rico, note. 509

note on prices in England 685
ruin of market for American product in Great Britain 16

Chemistry, Division, observations by Secretary 29
organization and duties 594
publications, 1898 604

economic, suggestion of Secretary for increase of attention 11

Chennpodhnn aitricomuiii, notes.. 543
Cherry, ajiple, pear, and plum, objects and methods of pruning _ . 162
Chestnut and oak, annual growth at Oakland, N. J 304
Chicago, dietary studies 443

New York, freight rates by rail 724
Chickadee, difference in marking from kohlmeise . . 104
Chickens, introduction of tuberculosis from man {see (iho Poultry). 119
Chicory farms, establishment as result of Department investigation 55

reduction of importation 11

Chief Clerk, duties 593
ot Weather Bureau, need of assistant ._ 22

Children, notes on relations to weeds in cities 197, 198
suggestion for playground in cities 199

China, early use of millet 269
production of cotton 684

Chinamen as cultivators of bananas in Hawaiian Islands 571
rice growers in Hawaiian Islands. ..... ,568

China Seas, prospe.t for markets for dairy products 15
Chinch bug and Hessian fly, investigations and bulletins 32
Chipping sparrow, food 228
Chitte-Nden, F. H., article on "Insects injurious to beans and peas" 23.3-260

observations of tobacco insects 123, 145

Cholera, hog, exporinients with serum ... . 27
( 'liDiidistis (/raiiniKiciis. (Scr Lark flnch.

)

Chrysanthemums, not*; of Vilmorin on experiment in breeding 3.'>6

Church, notes on millets ,. 280
statement on growing of millet in India 270

Cider, healtlifulness; ])rot;ess of making 314
Cigarette beetle, foods and injuries . 144,145
Cigars, nnt<' f>n injury by cigarette b<»etle. . . 145, 146

Cinchona barks, possibility of procbiction in Hawaii 572
Citrus culture, ]>roblems un<ler investigation 265

fruits, extraction of oils for ])erruini'ry 379
trees, use for i)roduction of perfumery 385

City weeds, characteristics. 193
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Civil Service Commission, examination for Bureau of Animal Industry 23

Claret, deficiencies of eiirly California product 5."i'3

Clark, W. A. , metliod of improvement of ( otton :^59

lirodnction of smooth-seeded upland cotton 36.1

Clarke, Ernest, remarks as to improvement of sugar beets. 371

Clay soil, curvature and pressiire of water content 403

Cleveland, experimental stt^el-track wagon road 293

Climate and crops service in Alaska, note - 23

of Cuba. - 671

Pliilil)pine Islands - - 673

Puerto Rico, false impressions ... oil

notes by Robert T. Hill 513

(of United States) , suitability to growing goats 424

relation of growth of trees in transplanting 15!}

to amount of soluble sails 499

Climatic conditions for public lands 332, 333, 33.5

of the Hawaiian Islands ... 363

Climatology, relations of work of Division of Soils - 41

Clouds, relations to cyclone 527

Clover, notes on usefulness on vacant lots 199

Clovers in Alaska, notes - 518
Coal Harbor. Alaska, note on stock raising - 523

lands, public, notes on laws: prices 353
oil use against blister beetle {fiee also Kerosene) 251

Cobalt, mixture for use against tobacco worms 131

Cocoanut husks, note on shi;)ments from Puerto Rico 509

Codling moth, alleged destruction by kohlmeise (titmouse) 103

Coffee crop, time of ripening in Puerto Rico 507

growing, public lands in Hawaii 349

wild in Hawaii 568

Hawaiian, (juality 569

imports and exports for five j^ears ended June 30, 1899 707, 714

notes on growing in Pvierto Rico 506

planting in Hawaiian Islands, problems . _ 570

possibility of extension of production in Puerto Rico.. 510
Puerto Rican, lack of market in United States. 514

tea, and licjuors. consumption, 1870 to 1898 — 723
Coin and currency of the United States 676
Cold, susceptibility of millets 270

waves in California fruit districts, discussion 81

weather, development of Texas fever 466

diminution of infection with Texas fever 454

effect on cattle after dipping for ticks 465

Colleges', agricultural, admission of graduates to study in Department 18

American agricultural, some typ.'s, article by A. C. True 63-80

Colorado, character of public lands, their water supply and irrigation ..... 340
public lands... 326.330

Colored students, industrial and agricultural schools 64, 69

Columbia River, drifting of sands 418

Columbian Exposition . four-spotted bean weevil 245
Commerce, notes on benefits from West Indian weather service 84
Commissioners of agriculture. State, list -

.

609

Common schools, nature study, note. 13

observations by Secretary on nature teaching 16

Condiments, notes on plants in Puerto Rico 512,513
Congress, appropriation for extension of weather service in arid regions 20

West Indian weather service f^l

bill authorizin,g Weather Bureau stations in West Indies 19

calls of members for additional Farmers' Bulletins 58

first ajjpropriation for study of food ami nutrition of man 440

prohibition of importation of foreign cattle 613

Congressional publications. isOS 603

Connecticut, dietary studies in farmers' families 444

Contagirm from foreign cattle, protection, law 613

Contagiousness of tuberculosis, notes 117. 118

Corbeitt, L. C. statement as to breeding roses 376

Cordwood, market at Oakland, N. J 300

1 A'J8 47
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Coreau foxtail millets, notes . 275
Coi-itiulirna cxicn^a. injuries to tobacco.. . i:57

Coru, acreage, production, value, and disposition in 1898... 078,780
American, possibility of production in Hawaii 57'2

average yield and value per acre. 1 8'.t4 1 o 1 8lt8 687, 6S3
Indian, and other cereals, study by Chemist 20

selection of seed 350
meal, poisoned, use against bud M-orms .. IX-i

prices on farm December 1 , 1804, to December 1 , 1898 693
statistics of acreage, production, and value, 1866-1898. 678
wholesale price on leading United State.-5 markets, 1893 to 1895 G95

"Corn-ear worm," note 133
or bollworm, description and remedies , 2.")5

Cornell, Ezra, statement of purpose in founding university 74
University, plan for nature teaching in common schools 17

work in agricultui-e 74, 75
Cotton, acreage, production, and value, 1866-1898 — 6S0

American . consumption by foreign countries 685
average value i«r acre, 1894-1898 G91
boll weevil, Mexican, work of Entomologist ; 32

woTui, note 133
comparative acreage and production, IS'.Mj and 1897. 683
crop of 1897-98, movement, mill purchases 6*^3

e.xports. imports, and consumption, for United States crops 683
grain, and vegetables, notes on diseases in 1898 652
higher price from plants improved In- selection 362
iuiports and ex^xtrts for f ve years ended June 30, 1898 708, 714
note on cross fertilization in improvement 367
prices on the farm. December 1. 1n'J4, tol898 694
sea isLind, selections for improvement 358, 830, 301

seed oil, use against Texas fever ticks 4r)5

as insecticide 661

smooth-seeded upland, note on production 365
spindles in operation in 1898 684
wholesale prices on leading United States markets, 1893 to 1894 701

worlds consumption 684
Coulure of grapes, investigation and plan for prevention 265
Country roads, good, construction, article by Maurice O. Eldridge 317-324
Cowpea weevil, discussion - 243-245

life history and development 244
remedies 245

Cowpeas, attacks of boll or corn-ear worm 255

Cows, feeding on an English farm, note (see also Milch cows) 5*^5

milch, experiments in feeding with beet pulp 216
Creeping bent grass, notes on seed; description .... 494

panic grass, description, use in binding sands 414

Crickets, tree, damage to tobacco 143
Crimont. Father, note on jigriculture on the Yukon 520
Crittenden, S. S., notes on growing vegetables and small fruits in Alaska. .

.

519
Crop and weather conditions, review for season of 1898 627-651

fruit, process&s for saving 310
reporting system for new territory. 61

in Division of Statistics, improvements . (0

statistics, note on collection and ])ublication. . 11

zones and life zones, note on study in Biological Survey 32

Crops, damage l)y blackbirds and tlieir allies . . . : 230
different, need of investigation of irrigation 54

in Puerto Rico, time of ripening 507
principal and farm animals, statistics 078-704
relation of alkali in .«oil 535

to jjinxentage of soluble salts in soil . 499

Cross fertilizaticiu in improvement of plants by selection .

.

367
pollination, di.scus.sion of varieties of ]iears . 172

of pnmaceous frnit-s, practical coiu-lusiona 180

relation to other factors in frtiitiulness of orchards 178

value as factor in production of pomaceous fruits. . 167

Cross-ties, fmiction in steel-track wagon roads 29;J
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Crozier, Professor, opinions on millets 272,273

C'i'!/})tonu'riaji(poii'ica, value of root pruning - 157

Cuba, damage to tobacco from worms 129

notes on tobacco 42^-4.3.44

population and resources - G70-072

Cucumber, advantage of old seed 36.3

beetle, twelve-spotted, attack on beans, etc 2'ht

Cnra^-ao, quality of orange ]»eel 386
Currants and gooseberries, objects and methods of pruning 161

Currency and coin of the United States -- 070

Cutler. Thomas R. , statement as to feeding beet pulp . ,
217

Cuttings, improvement of plants by selection - 372

Cutworms and other caterpillars, descriptions, etc. 257

description; injuries to tobacco; remedies 140-142

Cyclones, features -
^ _ 529

hurricanes, and tornadoes, article by F. H. Bigelow 525-534

Dactyl is cflomcrnta, notes on seed 486

Dactijlupins ciiri, damage to tobacco 143

Dairy cattle at Wrangell and Juneau, Alaska, notes 521

pulp feeding in California 217

officials, secretaries of State a.ssociations, etc 610-61

2

products, imports and exports for five years ended June 30, 1898. . 705, 712

legal standards --; 666

observations of Secretary on exporting and inspection M. 16

of goats, note 431

Dairying in Hawaii 577

Damask rose, use for attar - - 382

Dandel ion. destruction by sparrows and finches 224, 225

Darwin, importance of work in cross pollination 167

remark on change of form of flowers by breeding 372
selection in breeding of plants by division 373

Davis, J. B. , Dr. , first importation of Angora goats into United States 433

De CandoUe, observation jls to origin of foxtail millets 269

Deer, use of fat in making perfumery 380

Denmark, advantage of dairy products in British market 16

quality of rough-stalked meadow grass seed - - 484

Depai-tment of Agi-iculture. api)ropriations for 18L»7, 1898, 1899 596

facilities for post graduate instruction in agri-

cultural science 18

num1 )er of dietary studies .-.. 442
proposed control of introduction of exotic

animals 110

publications, notes. 601

Dermcfiiea vulpiiuts, injury to tobacco 148

Desert lands, public, laws for sale to citizens 350

Df.we V. Lysteii H. , article on ' Weeds in cities and towns " 193-200

Diahrofica h.'-pniwiatu. injury to tobacco and tomato; note 144,2.55

Diagrams and tables, for weather, explanation 6;i9

Du'Vy/'"'^' '""""^"•'*< uotes on injuries to tobacco; remedies. -. 135

Dietary, effect of change of location 443

some effects of different combinations of food 447

studies, American, table showing summary, _. 450

brief statement of method 440

in United States, some results, article by A- P. Bryant. . 439-452

waj's for use of results 451

"Diffusion" process in sugar making 214

Digger Indiana, note on use of seed of sea lyme grass for food 313

Dipped cattle, removal of quarantine restrictions _ 469

Dipping cattle for ticks, conditions for success 471

note by Secretary 12

.success in 18!tS 470

tests of travel . long and short trips 4«2. 463. 464

note on discu.ssion at meeting of live-stock boards 470

summary of isyy experience 471

experiment, conclusion as to cause of loss of cattle 467

for Texas fever, statement by Secretary 28
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Dipping of cattle, difference with weak and with strong animals . 465
experimental and practical, article by Victor A. Nor-
gaard '.

. „ 453-472
for Texas fever ticks, causes of failure 455, 456, 457, 458
importance of good condition of animals 4(59

plants for cattle, notes on operationa for 18!)y 470
vat, first in use for cattle with Texas fever ticks 455

Dirt roads. (See Earth.)
Disbudding and i)inching, usefulness in pruning apple and similar fruits .

.

162
as method of pruning 154

Disbursements, general .statements. .. - 61
Diseases, plant study in Division of Vegetable Physiology and Pathology .. 264
Distillation, use in extraction of oil for perfumery 379
Ditches tor country roads, notes -.. 319
Documents, distribution and sale . ,59

Dodge, Maktin, article on '

• Steel-track wagon roads " 291-296
Dogs, association of breeders, secretary 615
Dog's-tail grass, crested, adulteration of seed 480
Domestic animals, determination of age by teeth 667

goats, statistics on number in United States 422
Domesticated animals, danger of becoming injurious 8S
Dorsett, P. H., experiments with violet cuttings 373

ob.servation on heading of lettuce 372
Douglas Fir. observations on growth in Washington State 190
Dove, mourning, consumption of weed seed 232
Downing on fermentation of cider 314
Drainage, necessity in case of overirrigation 504

of alkali lands.. 502
roads, discussion 319

Drains, notes on use on country roads 318
Dried fruit, comparison of sun drymg vdth evaporation .. 310
Drought, endurance of barnyard millet 278

observations on effect on soil moisture 403
resistance of millets .. 273, 274

Drug-store beetle, inj ury to dried tobacco 148
Dry wine grapes, varieties 5.59

Dnrnm and Poulard wheats, resistance to leaf rust 262
Dwarfing, processes . 153
Dyniond. Hon. John, statement on wages in Louisiana 580
Dynamite, attempts to destroy fruit bats in Australia 98
Dynamo oil and sulphur, conclusions as to use for dipjiing for cattle ticks . 471

success of dipping for cattle ticks 460-464

Earth roads, construction 350
Education, agricultural colleges and relations to other schools 63, 74. 75

extension and popularization 48, 49
Educational institutions, note on effect on diet 445
Edwards, R. J. , statement as to success of dijjping cattle for ticks 470
Ei.DiunciE, Machice O., article on "Construction of good country roads". 317-324
E'ectric roads, preference to wagon roads for Puerto Rico 510
ElyiintH (trciKirid. use in binding sands . 412

dnretiicnlii.s, usefulness as sand binder -.. 419
ffiircyci'iis, description; usefulness as sand binder 418

Emulsions, kerosene, jireparation and u.se for insects 660
Endowments and other sui)p(>rt of agricultural schools 64,69,70,74,75,77,79
Engineer, road, note on need in country work 318
England, conditions on individual farms 585

superiority of oil of lavender 389
English faiins anrl fanners, notes, article by Geo. Wm. Hill 583-589

conclusions from review of conditions 589
notes on length of tenancy 588

rye-grass seed, notes on harvesting, etc 490

sparrow, introduction and injuries in United States 98-100
En.silage, use of millet .. 2.S6

Entomology, Division, observations by Secretary 30
organization and duties 594

Iiublications, Inks 604
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Epilachna corriipta , notes 251
Epitrix paivuld (flea beetle), description; injuries to tobacco; remedies. 123-128
EiuUtm ?/.s- j)r(>t('ns. notes 2.jH

Europe, note ou adulteration of Kentucky blue-grass seed -. 483
pulp feeding 213

European bean weevil, importation, life history 247
markets, canning rabbit meat 93
song birds, mistaken efforts of society for introduction 107

Em'ofia la nata, notes 547
Eunchistiis vai-iolariun, injuries to tobacco 136
Evaporation as process for saving fruit. 310

of fruit, time of exposure 311
Evaporators, discussion of kinds. 312
Expenditures and receipts, general statements. 61
Experiment station for Alaska, site 50, 523

officers, remarks by Secretary on choice 47
stations, agricultural, orj^anization, and lines of work 598-601

need in Puerto Rico 512
, note on experimental planting 189

increase of work 12
work with leguminous plants 39

notes on connection with agricultural colleges 70,72,73
Office, observations by Secretary 46-54

organization and duties 594
publications, 1«<J8 605

State, cooperation with Department 36, 38
usefulness and needs 46

Experimental gardens, distribution of plants 14

work in Alaska, beginning . 516
Experiments in selection for improvement of plants, notes 366
Explorations with kites, objf^cts .. 207
Export, productions of Puerto Rico 508
Exports, average prices of agricuhural products 720-721

of agricultural products, for five years ended June 30, ISOs 712-717
dairy products, statement of Secretary on practicability 15
Puerto Rico for 18U7 .. 513

Fall plowing, remedy against bud worms in tobacco field 134
Farm animals, number and value in United States. 18S0 to 1899 701

average price and total value, January 1, 1899 702
conditions in two English counties 584,585
crops and animals, statistics 67

averat,'e yield and value per acre, 1894 to 1 898 . . . 687. 689
in connection with agricultural colleges, size, etc. .... 04,68,69.70.74,76
lands and negro population in relation to goat raising 428

good, estimate for Montajia 332
place of millets 267
products, i)rices on farm December 1, 1894 to 1898 692
property, losses by lightning 21

study of loss by lightning 85
Farmer, work of Division of Forestry, article by Gifford Pinchot 297-308
Farmers' Alliance. National, officers 627

American, establishment of chicory-growing industry 55
and ranchmen, volunteer experiments with grasses 40
Bulletins, need of additional appro; >riation 58

popular resumes of experiment station work 48
Secretary's statement as to usefulness 10

families, dietary studies 444
growth of competition 583
institu'.e managers, officers, committees, etc 610
institutes as part of university work in Wisconsin 78
National ( 'ongress. officers 027
need of adjustment of water rights in irrigated regions 53
note on practical assistance in handling forest lands 45
plan and object of wood-lot agreement of Division of Forestry 300
value of beet-sugar industry ^. . . 220
wood lots, note on relation to taxes * 185
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Farming au aid to settlers and natives in Alaska 023
perfumery, in the United States, article by Edward S. Steele 377-398
Puerto Ricau, future r)i2

Farms and farmers, some English, notes, article by Geo. Wm. Hill 5S3-.5*<9

Fauvel. M. A., opinion as to origin of baan weevil 24i»

Feeding beet pulp in the United States 217
cattle, beet sugar residues, article by G. L. Spencer 213-220
experiments with beet pulp . _ . . 213.

on English farms, notes 585, 587. .088

value and use of millets 287
Fees for public-land entries.. 350,351
Feldspar, effect of weathering 495
Fdfia siih<jot}iir((, note - 257
Fence, wattle, use in arresting sands 406
Fennel, culture and use for perfumery 393
Fermentation and curing of tobacco, statement by Secretary 43

of cider, Downing's method. 314
Fernald, H. T., observation on damage to tobacco-plant bed by slugs 144
Ferrets, stoats, and weasels, introduction into New Zealand against rabbits. 9f>

Fertilization, cross, effect in selection for improvement of plants 387
Fertilizers for millets _ 283
Fertilizing value of millets. 28D
Fescue, meadow, seed, notes; yield 488

seed, notes on sheep's; notes on red 489
Fcftfiica jvatotsis and ovi)ut, notes on seed 488,489
Fever in Hawaiian lowlands, note. 568

Te.xas, dipping as a cure 28
ticks of cattle, note on remedy 12

Fiber Investigations, Office, publications, 1898.. 6(K5

Fibers, imports for five years ended June 30, 1898 706,708
Field sparrow, food ..v 228
Figs. Smyrna, iiroblem of introduction of insect for fertilizing 31

Finch, house, note on reputation among California fmit growers 107
lark, food 22S

Fires, forest, discussion 189-192
study by Division of Forestry.. 191

Fish in Alaska, note 524
oil, use as insecticide 661

Fla.x. forage plants, and cereals in Alaska, notes 518
Flea-beetle, tobacco, description; iu.itiries to tobacco; remedies 123-128
Fleece products, breeds of goats of value 432
Fletcher, James, note on test of peas 236
Floods, saving by means of Weather Bureau warnings 22
Florida, character of public lands 347

injury to tobacco by budworms; remedies against budworms 134
note on growth of rubber plants 14

operations of leaf-miners on tobacco . . 139
perfumery farm at San Mateo 386
possibility of rose farming 382
probable success of tuberose for perfume 394
public lands 826, 330
saving from loss by freezing by means of Weather Bureau forecasts. 21

Flower buds, relation to luxuriance of growth of plant 156
Flowering shrubs, pruning 160
Flying foxes, or fruit l)ats. danger of imi)ortation from Australia 90.97
Food and sugar-beet investigations by Chemist, note . 30

consumption, average, for people of different occupations 450
differences with occupation 443

for cattle, orange 385
importance of avoiding w;iste 449
materials, understanding from dietary studies 451

note on consideration of nutritive value in purchase 448
notes on cost 446, 447
of family, observation in dietary studies. .. 441

some effects of different combinations on dietary 447
staples for Puerto Rico 513
u.se of millets in Asia 277
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Food use of millets in India 280
Forage, millet, reputed in.iuriousuess ._ 289

of broom-corn millets, yield and qualities 283
plants and millets, compo.sition 655

cereals and flax in Alaska, notes ^)IH

for alkali soils, conclusions and recommendations 549
cultivation on alkali soils, article by Jared G. Smith. . 535-550

resources, investigations for improvement 40
value of seaside blue grass 416

Forecasting, weather. not(! on usefulness of kites 207
Forecasts, relation of information collected by use of kites 83
Foreign cattle, protection against contagion, law 013

goods, note on necessity of inspection 13
oVIarkets, Section, duties 594

note on publications 9
observations by Secretary 36
publications, 1898 606

seeds and plants, note on work for introduction 36
Forest at Oakland, N. J., object of management , 306

destruction, taxes as a cause. 184
details of cutting plan. 307
fires, discussion 189-192

study by Division of Forestry 191
grazing, general conclusions 187
planting experiments, statement by Secretary 44
problems, notes, article by GiflPord Pinchot 181-192
regions, need of protection from sheep in some cases i8a
reserves, note on control and survey .:... 183

investigation of sheep grazing 54
wealth of Cuba, note 671
work, conduct under Government. 183

States having offices '. 620
Forester, notes on duties 182
Forestry associations, officers 620

change in chief of Division .. . 44
discu.ssion of meaning of term 181 , 182
Division, form of wood-lot agreement with farmers 299

general plan of cooperation with forest owners 186
observations by the Secretary. 44-46
organization and duties 595
plans 45
proposal for experimental planting of trees in plain 188
publications. 1898 .• 606
scope of work 183
work for the farmer, article by Gifford Pinchot 297-308

lack of knowledge among lumbermen 185
work of Forester for improvement of methods 10

Forests, grazing of shet'p and other domestic animals 187
in St. JHeleua* destruction by goats 89
of Hawaiian Islands 572

Fort "Worth, cattle convention and dipping of Ciittle 28. 457
experiments against Texas fever ticks 456, 460

Foxtail, meadow, notes on use and on seed 492
millets, discussion 268-276

list of varieties 270
France, center of perfumery industry 881

note on shipment of butter fiom United States. 15
notes on commission for study of t)eet pulp fceiling .. 215

Francis. Dr. M. , first suggestion of oil bath for Texas fever ticks 455
Freezing of peach trees, need of pruning 1G5
Freight rates 723-728

average ]jer ton per mile 727
Frost, cause in fruit district of California... 81

danger of disease to ras])berries 161
Frozen meats in tropical countries, note 577
Fruit bats, destructivenoss in Australasia ,

.

97
buds, encouragement of formation by pruning 163
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Fruit catalogue, results of study to be included 56
crop, processes for saving ..... 310
discussion of canning 313

extracting of juice 314
district of California, note on cause of frost 81

fallen, utilizing. 316
improved (juality by selection in breeding 3T0
Injuries by great titmouse or kohlmeise 105
juices, unfermented wine, and fruit sirups, notes 315
treatment in evai)oration , 311
trees, note on distribution of varieties ..- 56
worm, Morelos orange, investigation 31

Fruitfulness of orchards, influence of miscellaneous factors. 178
Fruiting of berries and currants, relation to pruning Ifil

plants, relation to luxuriance of growth 156
shoots of grapevine, indication for pinching _ 166

Fruits and nuts, imports and exports for five years ended June 30, 1899. . 70S, 714
differences of cross-poliinated and sell-pollinated pears 173, 174
in Hawaiian Islands, discussion _ 571

public-land States, notes 333, 333, 335, 336, 337, 338, 341, 342, 348
northern, notes on diseases in 1898 -.-. 652
pomaceous, pollination, article by M. B. Waite. .-.. 167-180
relation to diet and to nutrients, note 446
southern, notes on diseases in 1898.. 652
utilizing surplus, article by G. B. Brackett 309-316

Fulmer. F. S. . statement as to raising Angora goats 434
Fungus, cause of pineapi)le blight ... 652

injuries to tobacco in connection with flea beetle 123, 124

Galloway, B. T.. experiments with violet cuttings... 373
Galton, remark on selection in plant breeding 358
Game birds, discussion of uso of weed seeds as food 231

Gardens and Grounds, Division, duties 595
publications, 1898 ... 607

experimental , distribution of plants 14

Garman, H., use of arsenical mixtures on tobacco plant- 121
Professor, noteondamage to tobacco by twelve-spotted Diabrotica. 144

report on destructiveness of tobacco worms 130
Gascony, note on reclamation of sandy waste 405
Gclecliid solauella, description; injuries to tobacco; remedies. 137-140

Gehem ium fionpivirens, use for perfumery 396
General Land Office, note in relation to forest work 183
(r^'HJ.s/a .scojjarm. use in binding sands 411

Gennadius, Professor, observation of " white fly"' of tobacco 143

Geological Survey, U. S. , cooperation in study of forest fires 192
relation to forestry _ 183

Geougesox, C. C, article on "Agricultural experimen*:s in Alaska" 515-524
remarks by Secretary on work in Alaska 50

Georgia, available pasturage for goats 426
Tiote on ])remium Hock of Angora goats 435

Geranium, ro.se, species for supply 383
German millet, description, introduction, and use.. 272

orchard-grass seed, adulteration 487
Gfrmany. note on shipment of butter. 15

(iinning quality, point in improvement of cotton by selection 360
Ginseng, remarks by Secretary on i)rices and availaliility as crop 56
Gipsy moth, opinion of Entomologist as to work in Massachusetts 31

Glover. Townend, suggestion for destroying moths of tobacco worm. 131

Glumes of gra-ss seed, notes 474

Goat kee])ing. objects , 431

products. discu.ssion of variety and value 423
raising for profit, conclusions 437

Goats and slieep. danger of injury by running wild 89
breeds valuable for dairy jiroducts . 432
discussion of available jjasturage in United States 425
improvt-ment of pasturage 436

keeping, for profit, article by Almont Barnes 421-438
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Goats uuinber in the world, discussion; table 428,429,430
shortness of domestic supply 423

Goe, J. 8. , statement as to Angora goats 435
Gold coins of United States, notes 676
Gold mining in PhilijJXiine Islands 673
Golden-rod, sweet, note on use for perfume 396

wonder millet, description, yield of seed, character of forage, etc .. 273
Goldfinch, eating of weed seed .. 229
Goldtinches, destruction of dandelions . 225
Good roads, note on growth of public sentiment 39
Goose. Hawaiian, note on destruction by mongoose 95
Gooseberries and currants, uses and methods of pruning 161
Grades of roads, discussion 318
Grain and cattle, note on English market 384

Cliicago to New York, rail and water freight rates 726
cotton, and vegetables, diseases in 1898 052
elevators, note on relation to distribution of weed seeds 195
in sacks by steamer, freight rates 723
of grass seed, notes 476
rusts, notes on loss, kinds, etc 262
smuts, notes on destructiveness, etc 261

Grand Island, Nebr. , feeding of beet pulp 218
Grange, State, officers for 1891* 625
Grants of desert lands to States 351
Grape culture and wine making, second era in California 552

in California, present condition, article by George Husmann 531-562
Eui-opean, note on investigation in Southeastern States 57
fruit, pomelo, or shaddock, usefulness for perfumery 385
growers position in California 557
industry in California, conclusion as to present condition 561

depression 554
olijects, time, and methods of pruning. .. 165

Grapes and wines, prices in California 558
best varieties for raisins: table and market 560
for fine wines, best vai'ieties 559
influence of locality on quality 561
investigation of coulure . 265
ripened fruit not obtained from unripe shoots lf)6

stocks resistant to Phylloxera 5"")7

Grass, beach, or marram, description ; use in binding sands 409
collection, extent in Department 41
distinction of species by awn 475
gardens, notes on experiments 39
seed and its impurities, article by Gilbert H. Hicks 473-494

classes of impurities 480
points in distinction of species 474
standards of weight 478
suggestion for inspection of imports 482
typical cases of poor stock 480
variation of weight with cleaning; vitality 478
weight as related to quality 476

seeds descriptions • 482—194
iiprighr or sea lyme, descri])tion; use in binding sands 412

Grasses for binding sands on fresh water, discussion 417
millets and other forage plants, composition (i.*)5

native, adaptation to soil and climate 409
note on study by Division of Agrostology ,. 11
sand-binding, article by F. Lamson-Scribner 405-420

Grasshopper, blister beetle as check 250
sparrow, fot^d 228

Gravel roads, discussion of construction ;]2l

Graves, Hknkv S.. report on pbin f<n- wood lot at Oakland, N. J ;iOl

Gray bush . species in Australia and use by stock 544
saltbush, notes .... 541

Grardng of sheep in forests, general conclusions 187
Greasewood and saltbushes, analyses 588

winterfat, discussion as forage plants for alkali lauds 547
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Greasewood description, alisorption of soda salts, etc 548

growth in idkali soil 535

Great Britain, farm conditions ( see also English) -. - 583-589
inspection of cattle from United States. 25

Green bait, preparation and use. 659

Greenhouse plants, notes on treatment 234

Guinea pig, inoculation with tuberculin 113

Gulf coast, note on held investigations of forage resources 40

States, east, note on hurricanes 580
occurrence of tornadoes 533
rain with cyclones 529

Gum exudation, danger in pruning plum and cherry trees 1(33

Haines. Ala.ska. note on cattle raising 521

Hall, Maxwell, note on effort to establish West Indian weather service 84
HalticHs iiJileri. notes 2G0

Hamburg and Bremen, shipments of California brandy 561

inquiry as to exports of butter „ 15

Hand picking of bsetles, notes. 251,252
Hansen, Prof. N. E. , work as agent for introduction of seed 36, 55

Haraszthy, Col. Agostou, introduction of European grapes in California. .

.

552

Harvest of geraniums for oil, time 383

rose, time in Bulgaria 381

Harvesting and storing, influence on grass seed 477

of millets, time and manner 285
Hawaii and Louisiana, comparison of wages 581

annual production of sugar 567

character of public lands 349

importance of ai^riculture and need of investigation 19
island, coffee districts 568
public lands 326
relation to United States land laws 3?4
Spain and Puerto j^ico, note on reports of commerce 37

Hawaiian Islands, classification of soils . . . 565
danger of importation of fruit bats. 98
injuries by miua.. 104
introduction of English sparrow 100

mongoose and consequent losses 95
new cultures and industries , 571

production of coffee 569
the, ai-ticle by Walter Maxwell 563-582

Hay, acreage, production and value, 1^60-1898. 679

advantage of early cutting of millet 286
average yield and" value per acre, 1894 to 1898 , 691

from German millet, character 273

millet, comporsitiou and digestibility. 287,288,289
effect of time of cutting on quality.. 285

of millets and other forage plants, composition 655. 656
prices on the farm. December 1, 1891, to 1898 694
reckoning of amount and value 6(59

timothy, reduction of value by removal of seed 4S6
use as bedding for cattle after dipping 461

wholesale prices in leading I'nited States markets, 1893 to 1898 699
yield of barnyard millet 279

Heading down of trees, objectionable features 1 59

Health officers, note on regulation as to weeds 199

Heat, endurance by millets - 270
for destroying bisects in stored material 238
summer, effect on dipped cattle in transport 462

Hedges, jn-uning.. 157
Hciiniiilins. {See Sunflower.)
Ih'liotUis rlir.rid and (irmif/cr, de.scription; injurj' to tobacco... 132,255
Hflm.s, 11. . opinion against starling 102
Henderson, J. T., statement as to raising Angora goats in Georgia 424

Hens, laying, use of millet 288
Herd's-gi-ass or red top. note on usefulness and seed . 493
HeJisian fly and chincli bug, iuvestigations and bulletins 32
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Hickory and pine, annual growth at Oakland , N. J 305
Hicks, Gilbert H., article on " Gi-ass seed aud its impurities'' 473-494
Hides and skins, importa and exports for live years ended Jnne ;«(». 1898. . 706-712
Hilgard and Lou^hridge, report on moisture content of soils in drou:?ht . . . 403

E. W., statement as to failure of perfumery makini^ in California. 3H7
Hill, Geo. Wm., article on ' Notes on some English farms and farmers". .jS;j-oy9

Robert T. , observations on Puerto Rico .. 511
Hinehauch, Dr., conclu.sion as to injury to horses from millet hay 290
Hinson W. G., method of selection in improvement of Sea Island cotton. . . 362
Hoerle. G. A. , observations on climate for Angora goats 424
Hog cholera, note on remedy; experiments with serum 13,27
Hogs, class subject to condemnation {see also Swine) . 34

determination of age by teeth ... 667
statistics of inspection in 1898 23
use of millet seed 288

Holidaj's, legal _ 677
Home markets in Puerto Rico, notes 509
Homesteads, land laws . 349
Honey bees, value in cross pollination in orchard 180
Honolulu, character and control of milk and meat supply ,')77

notes on cattle supply 575
rainfall 564
supply of vegetable.s _ 571
variations in tem]?erature : 563

Hoop poles, ties, etc., market at Oakland, N.J 806
H6rnblowers, larvie as tobacco worms 128
Horned larks, eating of weed seeds. 230
Horse breeders' associations, secretaries . 613

determination of age by teeth _ 667
wild, instances of shooting as pests 88

Horseless carriage, use on steel-track wagon road 294
Horses and horse products, inspection 26

number, price, and valiid in United States, 1880 to 1899 701 . 702
on English farms, notes 585, 586, 5^7, 588

Horticultural and kindred societies, officers 621-C24
grounds at agricultural colleges, notes Go. G7

Hospitals, relation to dietary studies, note. 451
House mouse and house rat, notes on history and distribution ... 92
How.\]{D, L. O.. article on "The principal insects affecting the tobacco
plant " 121-1 50

Human food, note on danger of use of wceviled peas as food 233
Humid and arid regions compared as to soils and rainfall 500
Hungarian hay, digestibility 288

millet, description, introduction, and value 274
(grass ) fertilizing value 289

Hunt, Dr. J. Sidney, statement on preventive inoculation lor Texas fever. . . 468
Hurricanein Windward Islands, Sept. 11. 1898. warning bj' Weather Bureau. 85

West Indian, study of region of formation 83
Hurricanes, cyclones, and tornadoes, article by F. H. Bigelow. . 525-534

features. . . 530
physical features 531
successftil prediction by Weather Bureau 21
West Indian, preparation for observations 20

HusM.vNN, George, article on '"The present condition of grape culture in
California"'- 551-563

Hybridizing, experimental work in Department 34
Hybrids, fixation by selection, note 866

production for improvement of grapes and oranges 265
Hydrocyanic-acid gas, preparation and use as insecticide OfiO

use against tobacco insects . 147
on greenhouse plants. 2(54

Idaho, character of public lands and their water supply and irrigation 3;V<

public lands 306, 3:10

Illinois, dipping of cattle 461,463.401.465
Imports and exports, average i)rices of agricultural products 718-721

of agricultural products for live years ende<l June 30, 1898 705-712



748 INDEX.

Page.

India, British, grazing of domestic animals in government forests Ib7

growing ot millet 270
producti( >n of cotton 684
use of millet as food 280

Indian corn, selection of seed (.see also Corn) ^

.

356
lands, allotment by President 352
Ocean, spread of English sparrow to islands. 100
Territory and Oklahoma, dipping of cattle. 470

pubic lands . ._ 326,330
Indiana, note on development of nature teaching in common schools 18
Infection with tuberculosis, danger to persons handling tuberculin 113, 114
Intiowering in manufacture of perfumery 380
Inoculation for tick fever, statement of Dr. J. Sidney Hunt 468
Insect pests and plant diseases in Hawaiian Islands . . 574

in Hawaii and West Indies, need of investigation 19
powder, use as insecticide 661

Insecticides, preparation and use 6')9-662

Insects, injurious, methods of control : 657-619
to beans and peas, article by F. H. Chittenden 233-260

in stored material ; note on use of heat for destruction 238
multiplication among weeds on vacant lots 197
note on importance in cross pollination of fruit 179

investigations _ _ 30
principal, affecting the tobacco plant, article by L. O. Howard... 121-1.50

Inspection in IBureau of Animal Industry, decrease of cost 24
of dairy products, observations by Secretary 16

foreign goods: note on necessity 13
vessels and animals for e.xport . _. 25

Inspectors for Division of Statistics, recommendation _ 60
Insular dependencies of United States, investigation of agricultural re-

sources 19
Investigations, agricultural, in Alaska 49

original, need in irrigation work 53
remarks by Secretary on importance 48

Iowa, estimate of amount«of weed .seed destroj'ed by birds. 226
State College of Agriculture and Mechanic Arts, work 70

Iris root, imports; species for production of perfumes 391
Iron mining in Cuba, note 671
Irrigation and transportation facilities in Puerto Rico 510

care necessary in alkali lands 503
effect upon location of soluble salts.. 501
estimates of fit lands. 328
expendi tures required on purchase of desert lands 350
for i)ublic lands, notes 332.

333, 335, 336, 338, 339, 340, 342, 343, 344, 345. 346
investigations, general lines 52, 53
necessity of iinder drainage in case of excess 504
need of investigation of use of water for different soils 53
no'e on work by experiment stations 12
relation to orange-flower growing for perfume 3*^7

u.se with millets 279
Island possessions, field for biological survey. 33
Italian families in (!hicago. retention of forms of food 443

rye grass, adulteration of seed 480

Jamaica, introduction of mongoose for destruction of rata 93
orange extracts 3H6
relation to Puerto Rican trade and conditions 513

Japan, note on ])rospect for market for dairy products 15
plum, nolo on disea.se 263

Japanese foxtail millets, notes 275
Jasmine, culture and use for iierfume 395,396
Jellies, notes on usefulness and extent of manufacture 316
" Jimson " WO' d. poisoning of flowers as measure against tobacco worms. .

.

131

Johnson grass, suggestion for use in holding sands . 420
Johnson, Rev. Aibin. note on cattle at Yak lit at. Ala.ska 521

\V. G., experiment for destruction of moths of tobacco worms . . . 131
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Johnson, W. G. , recommendation for use of bran mash against cut worms. . 142
Judo, Sylvester D., article on "Birds as weed destroyers'' 221-2:J2
Juice of fruits, extracting 314
June grass seed , description of seed ; harvest 482. 4H'i

Juneau, notes on cultivation of vegetables 519
Jungle rice, or Sliama millet, notes 279

Kadiak. Alaska, cattle growing, note; experiment station 522, 523
Kalm Pehr, note on account of pea weevil 21H
Kansas, character of public lands, their water supply and irrigation 345

Experiment Station, test of Sanwa millet 281
public lands 326. 330
State Agricultural College, organization and work G9

Kearney. Theodore, president of California Raisin Growers' Association . . . 5(J0

Kenai, Alaska, note on growing vegetables; stock raising 519.521
Kentucky blue-grass seed, description 482

])ercentage of germination 479
Experiment Station, observations on tobacco worms 121, 130, 137
note on raising of Angora goats .. 4;j4

Kerosene emulsion as standard remedy for plant lice, etc 260
use against bean ladybird . 252

insect enemies of tobacco 125
preparation and use as insecticide 660
use against cigarette beetles 147

Kieffer pear, note on origin 172
Kiernan, report on trip with cattle after dipping 464
Kite, bridling for scientific investigation 210

method of flying for scientific observations 212
modern, construction ... . 207
notes on development in Weather Bureau 82
scientific with reel, photographs and description 202-206

Kites in exploration of upper air, article by C. F. Marvin 201-212
use in aerial observations 20

Kleberg. R. J. , use of dipping against Texas fever 455
Klondike, fixation as variety of cotton . 365
Knight. Andrew, note on work in crossing plants ^ 167
Knoxville, Tenn., grass station, experiment with Sanwa millet 281

note on relation of Department to grass garden 39
Kochia, gray bush, notes 544

2ii/rim(i(Jata, note 538
Koebele, Prof. A. , statement as to plant diseases 574
Kohlmeise, or great titmouse, distribution and injuries 104

Labor, by students at agricultural colleges. 66, 68, 69, 70. 71
cost as obstacle in estaijlishing perfumery industry 396
conditions in Hawaiian Islands 578
for agricultural uses in Puerto Rico 507
Hawaiian Islands, changes in supply from animals 575
in Cuba, character 671
on English farms, notes 385, 586, 587. 588
problem of supply for raising goats 426
values, confusion for different countries, note 581

Laboratory for Chemist, new, note 30
Laborers and wages in sugar ind ustry in Plawaiian Islands 580

around Leicester. England wages _ .584

Ladybird, bean, description, distribution, and remedies 251
Ladybirds, predaceous. preying on eggs of bean la<lybird 252
Lake charts for vessel masters in extension of weatlier service 21
Land laws for public lands, discussion.. , 319-;i")4

ownershij) in Puerto Rico, character 509
Lands, alkali, soluble salts and effects of irrigation 503

public, fit for productive uses 327
unimproved, extent useful for goat raising 437
vacant, reserved and ;ii)propriated. table iif areas by States 326

Lankester Ray. remark on i>rodnction of new races of plants 357
Lard and tallow, use in making perfumery 380
Lark finch , food 228
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Lark meadow, notes on food 230
Larks, horned, eating of weed seeds .-. 230
Lanrel. swamp, note on availabilitj' for perfume _ 396
Lavender, specias iji use for oils 388
Law against English sparrows, in Western Australia 100

mougoose in Hawaiian Islands 9."}

recommendation for restriction of introduction of exotic animals 110
standards for dairy products 666

"Lawn mixtures," note on frauds and impurities 481

Laws for public lands, discussion 349-354
need of study in irrigated regions - 53

Lead, arsenate, preparation and use as insecticide 6.")9

Leaf- beetle, bean, description, distribution, life history, and remedies 253
blights of potato in 1898, notes . . _ 652
feeders, tobacco, descriptions, injuries, and remedies 142-144
miner, tobacco; description; injuries to tobacco; remedies 137-140
roller, bean, notes 259
spot disease of violets, prevention 264
tobacco, injury by cigarette beetles 144, 145

Leather beetle, injury to tobacco 148
Dr. , experiment with soda salt 5o0

Leaves, effect upon root growth of destruction in pruning ...... 155
Leckenby. A. B., statement as to l5-rae grass as sand binder 419
Legislation against introduction of injurious animals, need . . 106
Leguminous plants, study in grass garden 39
Lemon, extraction of oil for perfumery 379

usefulness for perfumery 385
Lemons and oranges, making thornless by selection 376
Lentil weevil, introduction in United States. 248
Lettuce, note on effect of selection on heading 372
Leiicarcfia acnect, notes. 258
Librarian, duties 596
Library, Department, notes on growth and use 14

of agricultural colleges, notes . . 65, 68
publications, 1898 607

Lice, plant damage to tobacco 144
notes on injuries 259

Life zones and crop zones, note on study by Biological Survey _. 32
Lightning, losses to farm property 21

study of loss of farm property 85
IJviax cmnpfMns, damage to plant beds of tobacco 144
Lime, bi.sulphide, use as Insecticide 662

varieties useful for perfumery 385
Linnfpus, remark on origin of weevil 243
Linnet, green, injuries in New Zealand 10(j

Lint, point of selection in improvement of cotton .* 360
Lippin {Aloi/sid) citi'iodora. extraction of oil for perfume 388
Li«itiors. coffee, and tea, consumption, 1870 to 1898 723
" Little peach." now disease, loss in 1898 _ 652
Live stock and dressed meats, ( 'liieago to New York, freight rates 725

association, national officers 610
commissioners, Illinois, experiments against ticks 465
imports and exports for five years ended June 30, 1898 705, 713
on English farms, notes , 585
room for judging at Ohio State University 77
fv'init^iry boards, interstate association, meeting 469-470

Livingston, A. W., note on fixation of improved races of tomato 365
notes on improvement of toinal o 370
obstrvalion oji ini])roveni('nt of tomato !?56

Logs. ties. et<;., market at Oakland, N.J 306
Loliinii prrciuic, notes on seed. 490
London jjurple, ]ireparation .ind use as insecticide .. . . . 6.59

Los Angeles, early center of graiie culture and wine making 551

Louisiana and Hawaii, comparison of wages 581

cattle. great<>r virnlenre of Texas fever 468
])Ossibility ot rose farming _ 882
prices of plantation lal»or 580
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Louisiana, public lands. . :J20, -WO

Louisville, notes on tornado 533
Lumbering, conservative, taxes; cooperation of Division of Forestry 183. 1H8

Lumbermen, attitude toward forestry Ibl

lack of knowledge of best methods in forestry 185
note on practical assistance in handling forest lands 45

Lyme grass, yellow, description; usefulness as sand binder 418

Macadam foundation for road 323
John L. , notes on views as to road building 295. 392

Maceration for extraction of oils for perfumery 379
MacrobdsiH unicolor, notes 219
M(tcrofi)wrinvi tabaciiinm, injury to tobacco. 124
Magnolia, note on species useful for perfume 396
Mails, foreign and domestic, regtilations of United States 674
Maine, available pasturage in State for goats 425
Maize. (SVeCoin.

)

Malta goats, value for dairy purposes 432
Mamestra icfjifiina. injuries to tobacco; M. trifolii, note 142, 257
Mammals and birds, study by Biological Survey 33

orders representedi among noxious animals 90
Mammoth Spring, Ark. , dipping for Texas fever 28. 469
Man. filtration of tuberculin for use 115

method of injecting tuberculin ' 117
note on relation of tuberculosis in cattle to disease 119

Manila {See Philippine Islands) 672
Manui'e. value of beet crowns and leaves ... 214
Manuring on English farms, notes 586, 587. 588
Maps by Biological Survey, note on demand 33
Marjoram, sweet, siaggestion for trial in United States... 391
Market for fruits, notes 309

wood lot products at Oakland, N.J.-... 308
Marketing products of Puerto Rico, note 513
Markets for bvitter. observations by Secretary 15

English farmers, notes 584
Marram grass, or beach grass, description; distribution and propagation.. 410
Marvix. C. F., article on '"The use of kites in the exploi-ation of the
upper air "... 201-212

Maryland , destruction of weed .'•eed by birds 226
Massachusetts Agricultural College, support, organization, and work 04-67

description and work upon sand dunes on jn-airie lands. 405
indorsement of work against gipsy moth 31

M.^xwELL, Walter, article on " The Hawaiian Islands " 563-582
Meadow fescue seed, notes 487, 488

foxtail, notes on use and seed 492
quantity to sow per acre 493
seed, adulteration 480

grass, descriptions of seeds 484
lark, notes on food 230

Meal}' biig. damage to tobacco 143
Means, Thomas 11.. article on '• The soluble mineral matter of soils " 495-504
Meat cattle slaughtered at Honolulu, table showing condition 578

inspection, work of ]3ureau of Animal Industry in 1898 23
supply in Honolulu, note 576

Meats. dres.sed. live stock, Chicago to New York freight rates . . 725
Mechanical, agricultural colleges, classification 03
Medicinal plants in Puerto Rico, notes 512.513
Melilot. white, note on use on vacant lots 199
Melons, advantage of old seed ;tt)3

Mel(ixj)izia faseiata. {See. Song sjiarrow.)
Mruri AM. C. Hart, recommendation of law against noxious animals 108
Merrill. Dr. George P. , result of examination of rocks and soils 195

Meteorograph, notes 83
xised with kite, description 206

Meteorologic equipment of W(>ather Bureau, improvement 22
Meteorological conditions recorded i)y instrument with kite 200

data, collection at high altitudes 83
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Meteorologists. European, atmospheric explorations 203
Meteorology, study, enconragemeut by aid of Weather Bureau observers. . . 23

Mexican bean weevil, notes 248
cotton-boll weevil, work of Entomologist 33

Mexicans and negroes, dietary studies -- -- 44.5

Mexico, distribution of Morelos orange fruit worm 31

eiuipnient of meteorological stations 20
inspection of imported animals . 26

Mice and rats, historical notes on common species 91, 92
Michigan, character of public lands... 347

loss by "little peach "'in 1898 652
public lands 336,330
State Agricultural College, organization and work 67-68
table of jtroperty loss by lightning 86

Microparasite of Texas fever, presence in red corpuscles; virulence 466, 468
Microscopic inspection of pork in 1898 24

statement of Secretary as to payment 27
Migratory weeds, notes on introduction _ 198
Milch cows, average price and total value, Jan. 1 , 1899, by States 703

experiment in feeding with l)eet pulp 216
number and value in the United States, 1880 to 1899 .. 701,703

Milk, formula for kerosene emulsion for insects 661

in Puerto Rico, note 509
note on content of carbohydrates 446
relation to expensiveness of food 449
sales on English farms, notes 585, 586
supply of Honolulu ... 577

Millet, common, description and use 271
forage, reputed inj uriousness 289

Millets and other forage plants, composition 6.55

article by Thomas A. Williams 267-290
barnyard, origin, extent of cultivation, and varieties. 276, 2r7
broom corn, origin, extent of cultivation, and varieties 281,283
composition and digestibility 288
culture 283
fertilizing value 289
foxtail, habit and condition of growth 270
leading States in growing 269
time and manner of harvesting and seeding 285
use and fee<ling value 287
use as food in Asia 277

Mina. introduction and injuriousness in various places 103,104
Mineral lands, exception to general laws 353

of Western States, notes 332, 333, 338, 339
public, laws 353

oil. crude black, experiments against Texas fever ticks 456
notes on laws 353

Mining claims, application in Alaska of United States laws 354
Minnesota, character of i)ublic lands 346

note on tax on forest land 185
public lands 336, 330

"Mission" grape in California, origin 551

Mississippi Agricnltural and Mechanical College, notes 69
and Olro valleys. fre(iuency of cyc'.ones 535
cattle, greater virulence of Texas fever 468

character of public lands 348
jmblie lands . 326,330
River, occurrence of tornadoes ..- 533

Valley, eating of weed seed by birds 225, 236
Missonri, character of jtublic lan<ls 348

note on raising of Angora goats 435
public lands , 326. 330

Modestoff , Rev. V, V. . note on gardening at Nushagak, Alaska 530
Moisture content of soils at several places in 1898 654

note on records 41

Molasses ns food for cattle 218,219
Mold, sooty, of orange, note 6152

Mongoose, introduction into Jamaica for destrnction of rats 93,94
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Montana, character of public lands; climate. . . 331 . ;J3"i

public; lands . . 32f», :',:'>()

Montsarrat, William T. , veterinary officer at Honolulu, notes 575. 'uH
Moore, Willis L., article on '"New work in the Weather Bureau" 81-Hf>

plan for survey of upper air L'Ol

Morrill Act of 1890, notes on use of appropriations 64. (57

Moth. pea. notes 257
Moulie, E. , growth of tuberoses for perfume in Florida 394

perl nniery fanning 384. 3S6
Mount Tamalpais, establishment of meteorological station Hi
Mourning dove, consumption of we: d seed ... 233
Mouse, Siberian red-backed, spread on Bering Island... 88
Mules, number and value in United States. 1880 to 1899 701. 703

average price and total value January 1, 1899, by States 703
Mutton, statistics of inspection in 1898 24
Myrica cerifera, used in binding sands 411

Napa County. Cal. . establishment of wineries 554
National Herbarium, additions of grasses 41
Native trees, proposed study of exjjeriments in plains 188
Nature study in common schools, note 12

teaching in common schools, observations by Secretary. 16
Nebraska, public lands _ 326.330

use of Redfield's grass as sand binder 417
Nectarine and jieach, ol)jects and methods of pruning 164
Npct(u-!<])]tor(i i(thaci. ({avaagQ, to Xoha.'-co 144
Negro population and farm lands in relation to goat raising 428

relation to goat raising 438
Negroes and Mexicans, dietary studies 445
Nelson's saltbush. notes ... 547
Neroli , or oranne-flower oil , extraction 385
Nevada, character of public land, its water supply and irrigable lands 333

public lands 326. 330
New Mexico, character of public lands, their water supply and products. .

.

334
growth of saltbush 540
public lands . 326. 330

Orleans, value of orange flowers for perfumery 387
South Wales, note on injury to tobacco by Gelechia 139
York, appropriation for nature teaching 17

to Chicago by rail, freight rates 724
Zealand, export of rabbit skins and canned rabbit meat 93

injuries by starling 103
introducticm of English sparrow 100
orchard-grass seed, jjoints of inferiority •1m7

Newell, F. H., estimates of arid lands and of irrigable lands 327
Nicotine, use of solution against suck fly on tobacco 136
Nocard, assertion as to certainty of tuberculin test upon cattle 118
Norfolk, Va., saving of cotton from tide by Weather Bureau warning 21
N<)R(tAAHD, Victor A., article on "Cattle dipping, experimental and prat-

tical" .^. 453-473
Normal schools, note on instruction for nature teaching 17
North Carolina, production of tuberose bulbs .... 394

Dakota, character of public lands, their water supjtly and iiTigatiou 343
exi)eriment station, experiment with millets 290
public lands 326.330

" Northers," preparations for observation 20
Norway rat. notes on history and distribution .' SU
Noxious animals and birds, danger of introducing, article by T. S. Palmer. 87-1 10
"Nutrients," ingredients of food bearing name 441

note on relation to cost of food 447
Nutriment in food, examples of lack of knowledge 448
Nutrition investigations, practical and scientitic valuo 51
Nuttall's blister beetle, descrijjtion, distribution, and remedies 251

salt sage, description, usefulness, etc 545

Oak and chestnut, annual growth, at Oakland. N. J 304
Oakland. N. J., working plan for wood lot of E. D. Page 301

1 A!)8 48
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Oat grass, yellow, distinction by awn from wood hair grass . 475
Oats, acreage, production, value, and distribution of crop of 1898 682

average yield and value per acre, 1894 to 1898 688, 690
growing in Hawaii 572
in Alaska, notes 518
prices on the farm, Dec. 1. 1894 to 1898 693
seaside, description; usefulness in binding sands 415
statistics of acreage production and value. 18GG to 1898. 678
wholesale prices, on leading United States markets, 1893 to 1898 697

Object-lesson roads, work of Office of Road Inquiry 38
OecaiifJi IIS fa.'iciat iij<. damage to tobacco 143
Ohio State University, organization and work 75
Oil and sulphur, conclusions as to use against cattle ticks 471

bath for killing Texas fever ticks 4.55

of roses, note on adulteration 381
Oils for perfumery, imports into United States 378

of citrus fruits, method of extraction .. 385
preparation and use as insecticides ... 661

Oklahoma and Indian Territory, dipping of cattle for ticks 470
character of public lands, their water supply and irrigation 345
public lands 326, 330

Old-man salt bush, description and grazing value 543
Olive, bacterial di.sease, note 652

oil. use in manufacture of perfumery 380
Olivier, note on four-spotted weevil 245
Olympic Mountains, Washington, effect of forest fires 190
Omaha Exhibiti<jn. note on exhibit of fruit models 56

Nebr., re.-olution of live stock sanitary boards on dipping of cattle. 470
test of steel-track wagon road 292

Onions in Alaska, notes.. 517
Opatrinn iiifeniirdiiim, injury to tobacco 149
Opopanax, use for perfumery 394
Orange and lemon, making thornless, by selection 376

extraction of oil for perfumery 379
flower water, production and quality 385
flowers at New Orleans, strong th of odor 387

suggestion for saving of waste 398
fruit worm, investigation 31

hardy, experiments to secure variety 265
leaf rust, wheats most resistant 262
note on hybridization 9

sooty mold 652
perfumes, notes on prices 385, 386
varieties useful for perfumery; food for cattle 385

Orchard brandy, manufacture from pomace 315
grass seed, notes; description. 486

time of cutting for seed 488
importance of cross pollination for fruitage 167-180
utilizing the fallen product 316

Orchardist, need for bees ..» 180
Orchards. o1)servation on failure to fruit from year to year 167

Oregon and VV^ashington, note on sandy areas and sand binders 418
character of ]iublic lands, their water supply and irrigation 341
experiment s on use of seaside blue grass as sand binder 417
Goat Ureeders' Association, organization 438
investigation of sheep grazing in Cascade Forest Reserve... 54
I)roblem of .sheep grazing in Cascade Forest Reserve 187
liubl ic lands , 826, 3:50

Original research, remarks by Secretary on valne 47
Orris root, imports of perfume; species of iris for prodaction, etc 391
Otocoris. (Sfc Horned lark.)
Oxen. exj)eriments in feeding wit li beet pulp 216
Oxygen, relation of supply in air to growtli and decay of woods 196. 197

Pacific coast, interest in study of forage resources. 41

need of n^ot pruning of evergreens 157

liro)>osp<l outlining of life zones 33
study of diseases of bulbs 263
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Pacific coast, use of sea lyme grass in binding sands 412
wines, medals from Paris Exposition of 1889 557

railroads, notes on ext(;nt of land grants 327
slope, note on special investigation _ 5Q

Page, Dr. B. B. . experiment of dipping cattle for ticks 461
E. D., working plan for wood lot 301

Palmer, T. S., article on '-The danger of introducing noxious animals
andbii'ds" 87-110

Panic grasses, descriptions; suggestion for binding sands 414
Paiiicitm amdriim, description; suggestion for binding sands 414

and Cluttochloa note - 26-S

species, notes 270. 279, 280, 281 , 414, 4 1
">

Paper currency in United States, kinds and denominations G7C
Paraffin lubricating oils, experiments for Texas fever ticks 456
Parasites of cowpea weevil 245

scale insects, note on importation 31

Parasitic diseases, freedom of stock on saltbushes ,537

Paris Exposition in li)00, statement by Secretary 15
note on Yearbook of 1899 . . _ .58

of 1889, medals for Pacific coast wines 5.57

green against bean-leaf roller 259
as remedy for blister beetles 250
preparation and use as insecticide ._ 6.59

sti ength of mixture and manner of use on tobacco 127
use against bean ladj'bird 252

bollworm ...., 256
bud worms 134
cutworms in tobacco field 141
tobacco worms 130

jiote on shipment of butter 15
Parsley worts, improvement by Yilmorin 367
Parsnip, note on improvement by Buckman and others 309
Passenger rates on railroads, avei-age per mile 728
Pasturage, advantage of regulation in forest resei'ves . 187

improvement by grazing of goats 436
in United States available for goats 425

Pathology and physiology, vegetable, work, article by Albert F. Woods.. 261-266
Patrons of Husbandry, national and State officers. 624, 025
Pea moth, notes ? 2.57

weevil, ajipearance, method of work, history, and remedies 234, 236, 237
Peach and nectarine, objects and methods of pruning 164

notes on diseases in 1898 ... 652
Peaches, treatment for evajioration 311
Pear and apple, note on tendency to self-sterility 167

notes on blight in 1898. 652
plum, cherry, and apple, objects and methods of pruning 162
varieties not fruiting when flowers are covered 171

Pearl Island, Alaska, note on growing of vegetables. 520
Pears and api)les, especially fruitful varieties 1 78

cross pollination 168-1 75
crosses for improvement 266
treatment for evai)oration 311
varieties more or less completely self-sterile 273

Pearson, Gardner W. , observation on conditions in Puerto Rico 513
Peas and beans, insects injurious, article by F. H. Chittenden 233-260

attacks of boll or corn-ear worm 255
fumigation for weevil 23S

Pediciiloidcs iriitn'rosiis, parasite of weevil 245
Pelargou inm, species for manufacture of oil of geranium 38;j

Pennsylvania, note on raising of Angora goats . . 435
rebate of taxes on forest land 185

report of reduction of tuberculosis 119
State College, organization and work 71

Perfumery, economic considerations in establisbment of industry 396
farming in the United States, article by Edward S. Steele . . . 877-398
methods of extraction 370
plants native to United States, discussion 395
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Peridromia saticia. as ctitworm injurious to tobacco, figure 140
Peters. R. ,

premium for Angora goats; raising goats 43:3, 435
Petit grain oil . production . . 385
Petroleum, laws for public lands 3r)2

Philippine Islands and Puerto Rico, public lands . 349
brief account 672-673

Philippines, note on fauna and introduction of noxious animals 1 07
PhU'ion prafennc, notes on seed 48.)

Phosphoric acid, retention by soil by filtering of solution 497
Phylloxera, destruction of vines in California 554
Physical absorption of salts by soils 4i)7

Physiology and pathology, vegetable, work, article by A. F. Woods 261-266
Piesse, remark on value of orange to flower farmer 385
Pigs, wild, destruction as i:est 88
Pinching and disbudding for apple and other fruits. . 162

as method of pruning 154
PiNCHOT, GiFFuiiD, article on "Notes on some forest problems " 181-192

'•Work of the Division of Forestry for the
farmer". 297-308

Pine and oak, annual growth at Oakland, N. J 305
on public lands, notes 335, 347, 348
use in binding sands _. 411

Pineapple blight, cause and cure 652
experiments with spike disease ... 375

Pineapples, crosses for improvement 266
note on improvement by crossing 9
quality and (juantity in Hawaiian Islands 571

Placer mineral claims, notes on laws. 352
Plains, discussion of tree planting 188
Plant breeding, effect of locality 363

limitation of selection 368
methods of selection 357
special features acrjuired by selection 370
work of Division of Vegetable Physiology and Pathology .. 264

diseases and insect pests in Hawaiian Islands 574
in Hawaii and West Indies, need of investigation 19

tlie United States in 1898, review 652
growth, effect of alkalies 536
lice, damage to tobacco .• 144

plant bugs and leaf hoppers, notes 259
Plantation labor by races in Hawaiian Islands 578
Plants as perfumery sources, list 378

change in time and uniformity of ripening as result of breeding .... 372
cultivated, note on origin 369
dangerous, notes on poisoning 197

effect of cross fertilizaticm in selection for improvement 367
endurance of black alknli in soils 501

improvement by selection, article by Herbert J. Webber 855-376
of sorts by cuttings, slips, buds, etc 372

native, on alkali soils 537
that grow in alkali soils, notes 535
trees, and (>ther, pruning, article by William Saunders 151-166

Platanus (button wood), sat'sfactory results from cutting back . 159

Playground children, suggestion tor use of vacant lot 199

Plow, mixture for cleaning 677

Plum, jiear, apple, and cherry, objects and method of pruning 162

Pluujs. treatmnnt for evaporation 311

I'hisiti hntxsicd, iniuries to tobacco 142
Poll species, notes 416, 419, 482. 488, 484, 4H5

PiiTilncifstiifi (lilfiisiis, injury to tobacco 136

Poison, note on danger from bitter almond 392
safety from injury in u.se against insects on tobacco 126

Poisoning by weeds, cases reported to Department 1 97

PoliduUirs hihirosn, growth and use for perfumery 394

Pollen, prepotency in cross fertilization 175

Pollination, hand, note* on experinn'nts with pears 172

of pomaceous fruits, article by M. B. Waite 167-180
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Pomace, manufacture of orchard brandy 315
Pomaceons fruits, pollination, article by M. B. Waite 167-1«0
Pomelo, shaildoclc or grape fruit, usefulness for perfumery '-ixH

Pomology, Division, observations by Secretary 56
organization and duties 595
publications, l.S:»8 007

Popenoe, E. A. , experiments with ])eas and beans 2:15. 243
Population and area of the Hawaiian islands. 563

of Cuba, note. ... 671
Philippine Islands. 672

Pork, classification for inspection 24
notes on inspoction in \><UH 24,25
pi'oducts. statistics of inspection in 1898 23

Port wine, varieties of grapes.. . 559
Portugue.se, position in industry of Hawaiian Islands 579
Post-graduate study, suggestion for opening Divisions of Department 11
Postal regulations of United States 674
Potassium, retention by soil in filtering solution 497
Potato, notes on disease in 1898. 652
Potatoes, growing in Alaska. 517

statistics of acreage, production and value, 1866-1898 679
Poulard and durum wheats, resistance to leaf rusts 262
Poultry associations, secretaries 615

use of millet seed 288
Powell. J. W., estimates of arid lands and of irrigable lands.. 328
Power for vehicles, substitution of inanimate lor animal form. 2.J5

Prairie .soils in West, content of sohible salts . 499
Precipitation and temperature, diagrams and tables 640-651

study in connection with climate and crop service 82
Preemption laws for public lands, reijeal 351
Prepotency in plant breeding, notes. 366
President, allotment of Indian lands 352

letter of Secretary of Agriculture subm tting report 9
proclamation under act of Congress on impDrtaton of cittle 613
relation to inauguration of weather service in West Indies 8K85
re.servatioa of town sites on public lauds 353

Pressure in, water in soil 401 , 403
Pri.sons. relation to dietary studies, note 451
Productiveness and size of plants, increase by breeding 370
Products of Hawaiian Islands, discussion 566

Puerto Rico, distribution 506
Proteid content of plants and fruits, increase by breeding 370
Protein, veal, chickens, and fish as source 446
Protoparce, carolimi, and P. ci'Icus, description, life history, injuries 128-133
Provincetown, Mass. . description and work upon sand dunes 405
Prunes, grading after evaporation 313
Pruning fruit trees, main object 164

of trees and other plants, article by William Saunders 151-166

Public domain of the United States, article by Max West 325 -:{54

lands, discussi(m of character 330-349
fit for productive uses 327
laws for .sale (.s.f tj/.so Public domain) 351

reservations, discussion 329
Road Incjuiries, Olhce, organization, and duties 595

Publications at agricultural colleges 66, 70, 73, 79. so

Department, notes 601
Division, observations by the Secretary 59

organization and duties 595
publications. 1 S'.KS . 607

is.sued January 1. ls;)8, to December 1, 1M!»8 602-609
recommendations for removal of restriction 59

Pncciiiia rnhigo-rvni tritici, notes 263
Puerto Rican native, observations on agriculture in Puerto Rico 507-509

Puerto Rico, advantages for families of moderate means 513

agriculture, artiile by Roy St<me 505-514

and Philippine Islands, public lands 349
as seen by a United States writer 511
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Puerto Rico, present depression accounted for .. 513
Pulp feeding in Europe 21 :5

the United States 217
Pulps of heets. diffusion, analysis, value 21.")

Purchase of food, notes on economical considerations 44S, 445)

Purdue L'niversity, aid of nature teachin^jj in Indian common schools 18
Pyrethrum, or insect powder, use against insects ..- 661

use against bean-leaf beetle 254

Quail, destruction of weed seed 23

1

Quaintance, A. L.. note on report on insect enemies of tobacco 121

Mr., note on injury to tobacco in Florida by bud worms 134
statements regarding "suck fly, " Dicfiphus niiuiinan 135

Professor, method of poisoning moth of tobacco worm 131

Quaranrine line agu^inst Texas fever, establishment, note 453
removal of restrictions for dipped cattle 469

Quinces, cross pollination 178

Rabbits, notes on history and distribution. 93
Races of plants, new, development by selection 368
Ragan. Prof. AV. H. , note on employment as special agent 57

Railroad charges in Great Britain, note .584

facilities for irablic lands 332.

334, 336, 337, 338, 339, 340, 341, 342, 343. 3 14. 345
land grants, estimates of areas 327
rates, statistics 723-728

Rain, relation to cyclones 529
Rainfall, effect on soluble salts in soils 498

in arid regions, notes 590
interior valley of California 82
variations in the Hawaiian Islands 564

Rains, effect on cattle raising in Alaska 522
Raisin industry in California, development 580

injury by overproduction 55

1

Ranches, cattle, in Hawaiian Islands 574
Ranchmen and farmers, volunteer experiments with grasses 40
Ranges for stock in forest reserves, suggestions for regulation 188
Raspherries and blackberries, uses and methods of pruning 161

Rations, condensed, relation to dietary studies, note 451
Rats and mice, historical notes on common species 91, 92
Receipts and e.xpenditures, general statement 61

Red fescue, seed, notes 489
spruce, rate of growth before and after lumbering 665

Red field's grass, description, use as .sand binders 417
Redtop or herd's grass, notes on usefulness and seed 493

seed, adulteration. 481

Reed, suggestion for use in holding sands ^ 420
Reformatories, relation to dietary studies, note 451

Religious interests at agricidtural colleges, notes 66. 73, 80
Rent of an English farm, wheat as basis of sliding scale 581

English farms, notes 585, 586, 5^7, 588
Residues from beet-sugar manufacture as cattle feed, article by G. L.
Spencer 213-220

Resin wash, preparation and use as insecticide 661
Rfinr/iidiii ha.sttUn and li, pnvaholico, notes 543
•'Rliodo Island bent " grass, adulteration of seed 481

notes on seed 494

Rice, lands in Hawaii, public 349
production in Hawaiian Islands 567
weevil, injury to tobacco 148

Ripening, change of time and uniformity bj' breeding .' 372
Rip]<'y spike, disease of pin* apple, experiments 375
Road conference, national, plans for steel-track wagon roads 291

inquiries, jiublic, Office, duties 695
in(j[uiry, note on material for roads 12

Office, observations by Secretary 37

publications, l'898 008
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Road laws, note on study in Department 38
m.iintenunce, discussion 324

Roads, advantages of steel track for wagon 293
and vehicles, suggestions for new constructions 295
discussion of pnjyMjr constru/ction 322

surfacing 320
for Puerto Rico, preference for electric over wagon roads 510
good country, construction, article by Maurice (3. Eldridge 317-324

National League, State comniitteomen 020
steel-track wagon, article by Martin Dodge 291-296

Rock, notes on effect of weathering 495
Rocklord. 111., experiments against cattle ticks 461-460
Rocky Mountain region, improveintnit of weather service y 1 , 82

regions, freedom from tornadoes 533
Roof rat, notes on histor\' and distribution 92
Root mutilation, relation to need of priming at transplanting 155
Roots, formation on trees transplanted in fall after loss of leaves 1.56

pruning, usefulness to promote fruit bearing 156-1 57
Ropes, strength, note 077
Rose farming in United States, probable success 381 . 382

varieties used in making attar 482
Rosemary, use and effect as perfume 390
Rotation on English farms, notes 585. 586
Rotch. A. L., direction of kite ascensions at Blue Hill 201
Round-leafed saltbnsh, notes ,541

Royal Agricultural Society, note on visits of members to English farm .... 583
Rubber plants, note on growth in Florida 14
Rural indu.stries, advantage of diversification by goat raising 438
Rush, W. B.. statement on odor of orange-flowers at New Orleans 387
Russia, introduction of seeds into United States . 55
Russian Jews in Anurica. retention of forms of food 444

thistle, spread in cities . - 195
Russians, introduction of cattle into Alaska 520
Rusts, grain, notes for 1898 0.52

on loss kinds, etc 262
Rutland County. England, note on farm conditions . 584
Rye grass seed. English, not(\s on hai-vesting. etc 490

statistics of acreage, production and value, 1866-1898 678

Sable Island, destriiction of rabbits by cats 90
St. Anthony's Park, Minnesota, steel-track wagon road 293
St. Louis, note on tornado .5:^4

Sah'coni ia . note on growth .536

Saline lands, public, notf s 07i laws, price 353
Salmon, Dr. D. E., note on establishment of quarantine against Texas

fever 453
Saltbnsh, growth on alkali soil .536

scrub and Utah, notes 540. 547
Saltbushes, American, discussion 544-549

and greasewood , anal yses .538

saltsages, recommendations for alkali soils 550
e.xperiments in alkali soils .537

native to Australia .539

Tisefulness on alkali soils, conclnsions 549
Salt-marsh caterpillar, notes 2.58

sage. NuttalTs and spiny, description, usefulness, etc 545. .546

tujnbling, notes .547

sages and saltbushes, recommendations for alkali soils .5.50

Salts, absoriition by .'^oils .... 41M]

in .soil, relative time of washing out. - 4'.»s

percentage, table showing relation to textiare of soils 499
removed from soil by irrigation ditch, .table .503

soluble, effect of irrigatiou upon location .501

Salt-si)ring lands, public, notes on laws; price 3.5:j

Sami)i)ire. note on growth on alkali .soil .5.'{6

Sand-hinding gra.sses. article by V. Lanis<>n-S«-ribner 405-420
blue grass, description; usefulness as .'^aiul binder.. 419
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Sand-ilrifting on Columbia River. 418
dunea, discnssion of fonnatiou _ 405
grass, distribution, description, and usefulness as sand binder 417,418
use for bedding for cattle after dipping . 461

Sands, work for holding in place . ., 40(5

Sandy soil, curvature and pressure of water content. 40"2

soils in vacant lots, us.; of clovers 19t)

San Francisco Harbor, meteorological station . HO
prices of California wines. 556

Sanitary boards, secretaries, and State veterinarians 616-619
State, withdrawal from dipping experiments 461

Santa Barbara Islands, danger to vegetation from goats 89
Gertrude's ranch, experiments in dipping cattle for ticks 457

ScircDbatiis fcnniculatun. notes _ .. .. 548
Sassafras, notes on distillation and use of oil 395
Saundeks, William, article o;i "Pruning of trees and other plants".. .. 151-166

Scale insects, large, note on introduction of parasite.. 31

Scheele"s green, i)reparation and iise as insecticide 659
Scholarships at agricultural colleges 66
Schools, city, use of weeds on vacant lots 196

common, note on nature study . _ 12
observations by Secretary on nature teaching 16

relation to dietary studies, note 451

ScHWEiMTZ, E. A. i)E, article on "'The preparation and use of tuberculin". 111-1:20

Scientific and technical reports, distribution 57
exploration, note on work of Department 10

Scotch broom, use in lunding sands. 411
Scott, Col. R. H.. statement as to raising Angora goats 434
ScRiBNER, F. Lajisun, article on "Sand binding grasses " 405-420
Sea island cotton, improvement by selection 358

practice of growers in improvements 363
Sea lyme grass, description; use in binding sands: seeds 412.413
Seaside blue grass, description; iise in binding sands 416

oats, description : use in binding sands 415
Secretary of Agriculture, duties 593

offer to test grass and clover seed 483
office publications, isos. _ 603
orders for West Indian weather service 84
relation to importation of cattle 613
report 9-62

the Interior, duties and powers as to public lands 354
Seed beds of to])acco, protection from cutworms . . 143

distribution, observations by Secretary on work in Department 35
eating birds, discus-ion of benefits 231
effect of age for melons 363
farms as source of variation of cultivated plants 357

gra.ss, and its imi)urities, article by Gilbert H. Hicks 473—194
classes of iiupurities 480

harvest of millets .. 287
influence of maturity as factor in improvement of plants 362
of l)arnyard millet, ni >te ... , 379

beach grass, possible supply from Cape Cod 411
grain, treatment to kill smut spores 652
grass, distinctions of glume, awn, and stem 474, 475
millets, notes 73.273.274,275
seaside oats, suggestion for securing 415

l-roduction of .saltbushfs, note 538
propagation fif beach grass 410
races, fixation by selection. 864
sulistitution of inferior varieties in distribution; testing 55

Seeds, Division, duties 595
in pears, relation to form of iJollinntion - 175

of corn, whe»at, etc. , effect of soda salts 536

sea lyme grass, use for food by Indians 413

weeds, note on method of introduction 193

practice of Long Islanil specialists in selection 363

size, as related to weight and iiuality 477
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Selection, improvement of i)lants, article by Herbert J. Weblier 35.>-.'}76

in plant breeding, limitations 368
Self-pollination and cause of sterility in pears 174

sterility, difficnlty of classification of varieties of pears 173
SevKtsid II if/ricti ml. woteB.. 257
Serum for hog cholera, problem of production 27
Shad scale, des"rii)tion and qualities ... .• 544
Shaddock, pomelo, or grape fruit, usefulness for perfumery 3M5
Shaiiia millet, or jungle rice, notes on appearance and value 279
Sheep and goats, danger of injury by running wild 89

breeders' associations, secretaries 614
de;ermination of age by teeth 667
foi, dness for sal tbush .540

general conclusions as to grazing in forests 187
grazing in forest reserves, investigation 54

on gray bush. 544
inspections from United States and Canada for Great Britain 25
number and value in United States, 1««0 to ISiiO 703

average price and total value, January 1, 18'J9, by States 704
on English farms, notes 585, 586, 587, 588
statistics of insi)ection in l»y8. 23
test of feeding with beet pulp. 217
use of goats as protection from wolves, dogs, and coyotes 423

shad sca.e;, 8 pasturage 545
Sheep's fescue seed, notes 489
Sherry wine, varieties of grapes. 559
Showers, local, conditions _ 532
Shrubs, flowering, useful and harmful pruning 160
Signals of Weather Bureau, notes and diagram 668
Silage from broom-corn millet, quality 289

time of cutting millet 286
Silver coins of United States 676
Siskin, note on eating weed seed 229
Sitka, agricultural investigations by Prof. C C. Georgeson 50

experiment station 523
experiments in planting 510
location of Weather Bureau station 22

Sitodrepa pank-ea, injury to tobacco 148
note on po.sition as injurious to tobacco 122

Skagway, Alaska, experiments iu planting .. . 516
Skins of goats, notes on importatit »n and value 421

ralibit, note on export from New Zealand . 93
Skylark injuries in New Zealand 1 06
Slender saltbush, notes on growth, appearance, and usefulness 541
Slips, improvement of sorts of plants by selection 373
Slugs, damage to tobacco-plant beds ..... 144
Smith, Jared G. , article on "Forage plants for cultivation on alkali soils '". 53.5-.550

Smut diseases in grain, hot water as remedy, note 653
Smuts, grain, notes on destructiveness, etc 261
Snow fall at high levels, study 83
Snowflake, note on weed seed found in stomach 223
Soap as insecticide 061

bulible, use in illustrating movement of water in soils 3011,400
formula for kerosene emulsion for insects 660

Soda salts, absorption by greasewood 548
experiments on seeds of corn, wheat, etc 336
removal by round-leafed saltbush 543

Soil and season, effect on grass seed 477
benefit of millets 270
conditions of Puerto Rico, notes .506

grains, dependence of soluble salts on size 499
kind and i)re]iaration for millets 283
maps of tobacco districts 43
moisture in 1898, notes 6.52-6.54

of (Jnba, note 671
Philipinne Islands, note 673

relation of texture to content of soluble matter . 499



762 INDEX.

Page.

Soilinpr. use of millet 288
Soi's, alkali, forage plants, article by Jared G. Smith. 535-550

cla.ssification of soluble matter 497
different, need of investigation of n^e of water for irrigation 53
Division, observations by the Secretary . . 41-44

organization and duties . 595
publications, 1898 60S

effect of dryness on pressure in water content 402
influence of te.xture on movement of water 403
methods of removing alkalies 502
movement and retention of water, article by Lyman J. Briggs 399—104
note on woi-k of Division, for tobacco and for irrigation .... 11

of the Hawaiian Islands: adaptation to sugar growing 504, 506
relation of fineness of texture to capillary spaces 402
relative time of washing out salts 498
soluble mineral matter, article by Thomas H. ^Means 495-504
table showing relation of soil grains and percentage of salt 499
tj'pical, study by experiment _ . . 29

Solanella, synonymy of Gtiecltia unlet nelld . 140
Solan nm caroliiiciise, and aS'. niifrum, harbor for tobacco insects 125. 150
SoJifUKjo odoratd , note on use for perfume ^ 396
Soluble matter in soils 496
Song sparrow, ratio of weed seed to total food 22T
Sooty mold of the orange in 1.S98, notes 652
South Atlantic permanent anticyclone, note 530

Carolina, first importation of Angora goats 433
possibility of rose farming 383

Dakota, character of public land; water supply; irrigation 344
growth of saltbush 540
public lands 326, 330

Southern cattle fever, (See Texas fever.)
increased thriftiness in Illinois after dipping 463
inspection 26

tick-infested cattle, development of Texas fever 466
Spain, clianj50 of duties for Puerto Rican products 514
Sparrow.g and finches, discussion of food and usefulness of varieties. 222,223
Spexct.r, GiiLropa) L., article on "Utilization of residues from beet-sugar
manufacture in cattle feeding" .. . 213-220

Sjicnnojtluifitis 2wct<>ralis, notes 248
Sphinx moths, larvip as tobacco insects 128
Spilosonid i'irgin ica , notes 257
iSpin us ])i)i itii. (See Siskin.

)

Spiny salt sage, description, usefulness, etc 546
Spitzli, G. H.. note on experiments in feeding beet pulp 218
Spizella :<oci((li}<. (Sec Chipping si)arrow.)
Splenetic fever of cattle. (,SV.' Texas fever.)

"Split worm." description; injuries to tobacco; remedies 137-140
Spofolutlax airoiilcs, note 538
Sprengel, note on book on pollination of flowers 167
Sriuasli , advantage of old seed 363
Standardization of tuberculin, methods... 114
Standards of weight of grass seed 478
Stanford, Senator, notes on Vina vineyard 561
Starch and sugar, increase in jdants by breeding 370
Starling, notes; importation prohibited in Australia 101,102.103
State agricultural societies, secretaries 610

boards of agriculture, list of secretaries (lOi!

experiment stations, extent and usefulness of work 46
grangPH. officers for IHII!) 625
horticultural societies, list of oflicers 622-624
poultry ns.sociationa, secretaries 616
universities, genoral status of agriculture 79
veterinarians and secretaries of .sanitary boards 616-619

States having offices for forest work (VJO

Stntions. now, list for Weather Bureau . Nl

Statistics, Divi.sion, collection and ])ublication of information about crops 11

observations by tlio Secretary 59
organization and duties 594
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Statistics, Division, publications, 1898 008
reports, impossibility of anticipating 60

Steam, note on use in evaporators for fruit IJi;]

Steaming tobacco, measure a^'ainst insect enemies 147
Steddom, Rice P. , report as inspector on dipped-cattlo train 462
Stkklk, Edward S., article on '"Can perfumery farming sacceed in the
United States?" 377-398

Steel roads, exjjeriments at Cleveland and Omaha 38
track wagon roads, advantages 293

article by Martin Dodge 291-296
tracks, method of laying 294

Sterilization of tuberculin cultures 113
Stevens. J. H. , notes on vegetables in Alaska .519

Stilton cheese, manufacture on English farms, notes . . 585
Stirton, Thomas, reports on farms in Leicester and Rutland 584
Stoats, weasels, and ferrets, introduction into New Zealand 98
Stock raising on English farms, notes .585, 586, 587, 588

use of millet seed 288
value of saltbushes 537

Stone roads, advantages; evils of improper construction 323
Stone, Roy, article on "Agriculture in Puerto Rico'' 505-514
Storing and harvesting, influence on grass seed _ 477
Storm-warning service, benefit to commercial interests in West Indies 20

warnings, relation of information collected by use of kites 83
Storms, appearance of different types 526

conditions of production _ 532
note on warnings by Weather Bureau 21
source of cTiergy 528

Storrs Experiment Station, cooperation in dietary investigation 440
Strawberry cuttings, selection experiment 375
Street sweepings, note on study of agricultural value 29

trees, aims and methods of trimming 159
pruning 158

Student life in State universities, features 80
Studies in agricultural colleges 65, 67, 68, 69, 70, 72, 73, 75, 76, 78, 79
StiiDU'Hd vw(/ii<i. {.See Meadow lark.)
"Suck lly."' injuries to tobacco: remedies 134,135,136
Sucking bugs, notes on species injurious to tobacco 136
Sugar and meat, relation of values in Hawaiian Islands 576

molasses, imports and exports for five years ended June 30,
ISDS 710,716

starch, increase in i)lants by breeding 370
average price and consumption, 1878 to 1898 722
beet and food investigations, note 30

seed, note on distribution .

.

38
use of residues from manufacture 213

duty in Spain on Puerto Rican product 514
industry in Cuba, control 071
in Puerto Rico, notes 511
planting, benefit of mongoose by destruction of rats 94, 95
processes of extracting from b(>ets 214
production in Hawaiian Islands 506
statistics, quantity imported into United States, by countries 721

Sugars, assistance of Chemist in fixing rate of duty 30
Sulphur and dynamo oil, conclusions as to use against cattle ticks . 471

success of dip])ing cattle for ticks 460-464
with oil for destruction of Texas fever ticks 459

Sumatra, notes on tobacco 42. 43, 44
Summer as time of tornadoes 531

pruning, modification of results by weather 1,53

Sunflower as food of goldfinch 229
Sun, relation to formation of storms and cyclones 529

spots, relation to tornadot'S 533
Supply Division, chief; functions .593

Surface tension of water. . ,. 399
Surfacing of roads, discussion 320
Sweet bay, note on availability for perfume 396
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Sweet pea, change of form by selection in breeding 371 .

wine grapes, varieties 559

Swine, average value January 1 , 1880 to 1899 {see also hogs) , 703
breeders" associations, secretaries 615
number and value in United States, 1 8^0 to 18i»y 702

average value, and total value January 1 , 1899, by States. 704

Switch grass, note on use in sand binding 415

iil/ste)it( l<rtiia((( and .s'. blaitda, notes . 254

Takoma Park. D. C .notes on moisture after rains and after rainless i)erIod. 403

Tallow and lard, use in making perfumery 380
Tangerine orange, cross with common orange for new variety 260
Targioni-Tozzetti. A. , no' e on report on tobacco 121

Tariff on chicory, indor.-ement as result of investigation. 55
Tasmania, condemnation of starling 103

Taxes on forest land, suggestions 184, 185

Tea, coffee, and li(iuors, consumption, 1870 to 1898 723

Teacher, observations by Secretary on preparation for teaching nature studies 17

Teeth, determination of age of domestic animals 667

Telegraph si^rvice of Weather Bureau . 22
Telford foundation for road 322. 323

Temperature and precipitation, diagrams and tables 640-651

study of vertical distribution in storms 83
Tennessee, problem in growing of grasses and forage plants 40

Texas blue-grass seed, notes 485
estal)lishnieiit of stations for study of forage resources 40
Experiment Station, use of oil against Te.xas fever ticlis 455

fever, conclusion as to cause of loss of cattle fi-om dipping. ... 467
development in cattle after dipping 466
note on cause by ticks . . . . 453
prevention by dipping of Southern cattle 463, 464
resolution of live stock sanitary boards at Omaha. 470
statement by Secretary as to dii)i>ing 28

summary of 1898 in dipping cattle.. 471

ticks, causes of failure of dip])ing- 455, 456, 457, 458
effect of thill oil and s ilphur 460

transmission by cattle ticks 454
growth of cassie for perfumery 394
note on extent of raising Angora goats 425

Thin oil, increased success in dipping cattle for ticks 460
Thistle, bull, eating by goldfinch 229
Tlirijis {(iliac i\ injuries to tobacco 142
Thrush, black, injuries in New Zealand 106

Thyme, notes on use for an Jinatic oils 390
Tlii/iinis riihj.'iris and J. scrpi/lhnii, use for aromatic oils .., 390
Tibbey, A. S. . observation on stock raising in Alaska 522
Tick fever, Dr. J. Sidney Hunt on preventive inoculation 468
Ticks in Texas fever, dipi)ing as a means for destruction 28

notes on relation to fever in cattle 453

summary of 1n98 experience in dipping cattle 471

survival of dipping solutions. . 455,456.457
Texas fever, cau.ses of failure of dipping 45S

increa.Hed efficiency of dipping 460
resistance to dipping solutions , 455

Tickv cattle, ease of development of Texas fever 466
Ties." logs, etc.. market at Oakland. N. J 306
Timber and stone lands, juiblic, laws 351

estimated contents and annual growth at Oakland. N. J... . 304
on i)ublic lands, notes 332, 335, 337, 339, 341, 346. 347, 348

jiliysics investigations 45
jiruning of trees 160

recommendation of methods of harvesting: rules 307,308
Timber sale from jmlilic lands in Alaska by Secretary of the Interior 354
Timothy seed, notes; descrij)tion 4S5

Tires, wide, for prevention of ruts ,
324

Titmou-se. great, or kolilnieise. distribution and injuries 104

Tobacco, acreage, production, and value, 1866-l89« 680
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Tobacco, bu;,' or "suck fly,"' now, notes on distribntion and injuries;

remedies 134-136

districts, soil maps '^'•^

dried, notes on injurious insects 1-1^

"frog eye " and "smallpox.'' as injuries by flea beetle 124

horn worm, destructiveness; natural enemies; remedies 128-133

importance of poisoning stubs and suckers after cutting . . 128

imports and exports ff)r five years ended June 3U, i8ii« 711,717

injuries from bud worms... - 132-134

insects, foreign, note on probability of introduction .. . 149

investigations in Division of Soils 42

leaf-miner, or "split worm," description; injuries; remedies... 137-140

names of principal insect enemies - - 122

need of destroying worms after cutting 131

note on study by Division of Soils... 11

plant, principal insects atfecting. article by L. O. Howard 121-1.jO

remedies against fiea-beetle and other insects 124-128

thrips, description and injuries
J42

"Tomato-fruit worm." note. _ }'^

note on improvements by Livingston 3oB

l)lant3, damage of plant lice - 144

Tomatoes, note on disease in 1898 . .^ . - 6o'w

Tornadoes, cyclones, and hurricanes, article by F, H. Bigelow
•^-^"•^•^"J

features - - --- ;j?l

Town lots on public lands, laws for sale 3od

Townsend, C. H. T. , observations on tobacco bug 137

Tracks, steel, method of laying - -»*

Tracy, remurk on change of form of sweet pea . . . 3
<
U

W. W.. statement as to adherence to type in plant breeding 364

Trade with Cuba, table ^'^
Train oil , use as insecticide - - - -.

i"
" "

' v ; ' , c-
Training of grape vines, underlying principles and comparison of methods. Ibo

Trans-Mis.sissii)pi Exposition, test of steel-track wagon road 293

Transplanting, need of pruning of trees . l->^

of beach grass '.'.Va'> Tei
Transportation, effect on cattle after dipping for ticks. . 402, 4t>.J. 464

facilities and irrigation need in Puerto Rico alO

for public lands 332,

334, 336, 337, 338, 339, 340, 341, 342, 343. 344. :«."»

rates '^^^'^

Tree, note on effect of fire scars - '-^^

planting in the plains, discussion - 1»»

treeless regions - *^

Treeless regions, forestry .....--...------
i - , 1 «^

Trees and other plants, pruning, article by William bauuders i-»i-J68

vegetables, some diseases and remedies • ~tw

annual growth at Oakland, N. J ^""^'S
for the plains, proposed study .----,--. T^a
native, proposed study of experiments in plains

y^^
need of training from nursery ••o

note on time of cutting . ; .y^-

notes on marking, cutting, and working up . ^^
preservation of shape in pruning at transplanting - i-w

rate of growth !^^
reproduction cuttings •*;*^

standing, measurement "J*-

Trichin;v, microscopic inspection of pork
-;J

Trudeau, Dr., directions for use of tuberculin for man .... --- ii<

True. A. C, article on " Some types of American Agricultural Colleges .. (..f-80

Tuberculin, conclusions as to preparation and use |"-<'

dilution.. - \\*
for human use, filtration - y*
note on distribution and usefulness: keeping

J), ,"lV

prepiration and use. article by E. A. de Schweinitz .. iii-|20

regulations of Bureau of Animal Industry for testing cattle.
. 110

Tuberculosis, evidence of lulectioii in cattle '
.1!;

name of disease of olive "^-
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Tuberculosis, statement by Secretary as to experiments 28

Tuberose, gi'owtli aucl use for perfume 39-1

Unalaska, note on hay and stock raising 522

Under drains for country roads, notes on construction 320

Unfermt nted wine, note 315

Uiiii'ht. use of species in binding sands.- 415

Universities, State, courses in agriculture T4-80

Upper air, use of kites in exploration, article by C. F. Marvin 201-212

Utah, character of i)ublic lauds, their water supply and irrigation. . . 326, 330. 336
saltbush, notes 547

Vaccine for blackleg, demand 2H

Vacnum tube, relation to destructiveness of tornado 532

Vegetable and animal foods in dietaries, discussion _.. 446
Physiology and Pathology, Division, observations by Secretary.

.

34
organization and duties 595

improvement of tropical fruit 9
publications, 1S98 008
work, article by Albert F. Woods. 2G1-266

seed , note on growing 473

Vegetables and trees, some diseases 263
attacks of beetles and worms 255
cotton and grain, r.otes on diseases in 1898 652
note on cultivation on vacant lots 200
production in Hawaiian I^-lands 571
relations to diet and nutrients . 446
success in raising in Alaska.. 516

Vehicle, relations of height, width of tire, and strength. 296
Vehicles and roads, suggestions for new constructions 295
Verbena, lemon . extraction of oil. 388
Vermont, dietary studies 444
Vessel masters, lake charts from Weather Bureau 21

Vessels and animals for export, inspection 25
Veterinarians, State, and secretaries of sanitary boards, list 616-619
Vilmorin Henri de, observation on grade breeding of plants 356

remark on cross breeding in improvement of plants ... 368
Vine, grape, best method of pruning. 165
V inegar, manufacture from apples and grape juice 315
Vineyard planting in California, furore 553

Sound, note on photographs of waterspout 534
Violet (

Viola odonita

)

. culture for perfumery 393
cuttings, improvements by selection •. 373
yield ])er month in breeding experiment 375

Violets, prevention of leaf-spot disease 264
Virginia, note on raising of Angora goats 434

tobacco fields, observation of injuries bj- flea beetle 124
Viticulture, State board in California, creation 553

Wages and laborers in sugar industry in Hawaiian Islands 5."<0

Wagon road, cost of construction witli .steel track 294
Wagon roads, steel-track, article by Martin Dodge 291-296
Waiti:, M. B., article on "Pollination ot pomaceous fruits" 167-180
Walker, John, statement as to raising Angora goats 435
Wallace. Henry, experiments in harvesting timotliy seed 486
Walsingliara, Lord, identification of tobacco leaf-miner 138
Warne. W. W.. note on cattle raising at Haines, Alaska 521
Washington and ( )regon, note on sandy areas and sand binders 418

character of public lands, their water supply and irrigation... 342
D. C. , note on tornado 534

observation of goldfinch 229
observations on sparrows 223

weeds 194.198
effect of fires in Olympic Mountains 190
public lands .. 326,330

Waste of food, importance of avoidance 449
Water, influence of texture of soil on movement 103
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Water in soils, movement and retention, article by Lyman J. Briggs 3{)9-4o4

need of investigation of practical use for irrigation r>3

notes on destructiveness to roads 319
power in Puerto Rico, notes 510
rights, nee d of adjustment in irrigated regions 53
supply for irrigation in Nevada v. 333

note Oil relation to forestry l!?3

Watermelon wilt, notes on disease in WM G52
Wattle fence, use in arresting sands 406
Watts, J. W. , statement as to value of Angora goat industry -134

Weasels, stoats, and ferrets, introduction into New Zealand (KJ

Weather and crop conditions, review for season of 1898 627 -651

soil, effect on ciuality of grass seed 477
Bureau, note on statistics on losses of property by lightning . 'Jl

extension of service 9

kites, pounds of pull 204
map, explanation of high and low pressure areas . . 520
need of assistant chief 22

stations in West Indies 19
new work, article by Willis L. Moore 81-86
notes on saving of projierty by warnings 21
observations in upper air 201
organization and duties 593
publications, 1898 609
signals, notes and diagram 068
usefulness of telegraph service 22

diagrams and tables of temperature and precipitation 640-G51
during blooming, effect on setting of fruit and fruitage 175, 179
effect in development of Texas fever 466
records in Philippine Islands 672
Service in Alat-ka, provision at Sitka . 50

West Indian, relation to naval operations -. 84
Weathering of rocks and formation of soluble matter 495
Webber, Herbekt J., article ou " Improvement of plants by selection''. . 355-376
Weed destroyers, birds, article by Sylvester D. Judd 221-232
Weeds, danger near tobacco field 150

in cities and towns, article by Lyster H. Dewey 193-200
seed from Russia, note on prevention of spread 56

note on destruction by goats 431
noxious, note on check by birds 33
some good effects and some bad effects in cities 190. 197
suggestion of destruction as measure against tobacco insects 124
summary of observations on destruction liy birds 232

Weevil, bean, description and distribution ; remedies . . . . 239. 242
cowpea. appearance, origin, and distribution: parasites 243,245
damage to legumes 233
Mexican cotton-boll, work of Entomologist 32
nature of injury to peas 235

Weevils, foreign bean and lentil, observations 247
Wesleyan University, cooperation in dietary studies. 440
West and South, additional Weather Bureau stations 81

George, warning of overproduction in raisin industry 554
India Islands, importance of agriculture and need of investigation 19
Indian cablegraphic service, inauguration 83-85
Indies, daily synoptic chart of weather conditions 84
Max, article on "The public domain of tlio United States'' 325-354

Wetmore, Charles A. aid in development of Calif<n-nia wine industry 553
Wheat, acreage, production, value, and disposition of crop of 1S9S.

. .,. 681
average yield and value i)er aero, 1S94 to 1898 687,086
basis of sliding scalo for rent on English farm 585
breeding for resistance to rust 260
crop of the world, 1894-1898 686
grass, species as sand binders .... 420
investigation of consumption CO
prices on the farm, December 1, 1894 to 1898 693
statistics of acreage, production and value, 1866-1898 678
varieties resistant to leaf rust 262
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Wheat, wholesale price on leading United States markets, 1893 to 1898 696

Wheels of vehicles, suggestion for change of height 296

Whirlwinds, relation to tornadoes 525

White-pine region, taxes as factor in causing denudation _ 184

Wide tires for prevention of ruts _ 324

Wild canary, eating of weed seeds . , 229

horses, pigs, etc, , instances of shooting as pests . _ 88
Williams, Thomas A. , article on '

' Millets " 267-290

Wilson , Jajies. rei)ort as Secretary of Agriculture 9-62

Prof. E. J. . note on employment as special agent 57

Wind as means of distribution of weed seeds, note 195

velocities of tornadoes 534

Winds, note on law of vorte.x motion; action in hurricane 531

Wine gi'apes for Calif < )rnia. best resistant stocks : . 557
making and grape culture in California 551, 552

machinery in California, notes 558
unfermented, notes ... 315

Wineries in California, expensive construction 554

Wines and grapes, prices in California 556, 558
consumption ])er capita, 1870 to 18i!8 723
fine, best varieties of grapes 559
from Pacific coast, medals from Paris Exposition of 1889 557

Winter iinming, treatment to avoid necessity with fruit trees 163

Wmterfat and greasewood as forage plants for alkali lands.. 547
Wintergreen, note on distillation and use of oil 395
Wisconsin, extent and character of public lands 326,330,348

desolation of lands by lumbering £,nd fires 44
University, college of agriculture, organization and work . . 77-79

Wolfe, J, J. . note on '

' split worm " on tobacco 138
Women, admission to agricultural colleges 66, 69. 72

and children, possibility of production of perfumery products 397
Wood hair grass, points of distribiition of seed from fescue grass 4S9

lot agreement between Division of Forestry and farmers . 299
meadow grass, description of seed 484
note on effect of pruning on growth 154

Woodbridge, 8. M., statement as to perfumery oils in California 388
Woodlands, present methods of cutting at Oakland, N.J 306
Woods, Albert F., article on •' Work in Vegetable Physiology and Pathol-
ogy "'_. 261-266

Woodward, L. R., U. S. commissioner at Unalaska. note on hay and stock. 522
Wool, imports and exports, for five years ended June 30, 1898 706, 713

products of goats, note - 431

Woolen mills, note on abundance of bur-bearing weeds 195
Wools, relation of quality to saltbush as feed _ _ 540
Wooton, E. O. , statement as to effect of dryness on odor of orange flowers. . 387
Worm, boll or corn-ear. description and remedies 255

Morelos orange investigation 30
'

' Worming " usefulness as protection from tobacco worms 130
Wyoming, i)ublic lands, chai-acter; water supply: irrigation 326.330.338

Yearbook, remarks on issue of 1807 and plans for I8;19 58
Yellow Ijear, de.scription and injuries to vegetables 257

lyme grsiss. description: i:s«fulness as sand binder . 418
"Yellows " in peach trees, observation as to cause 152
Yfllo\vstf)ne Valley, investigation of alkali soils 41

Yukon, note on agriculture 520

Zumbro, A. E., notes from experiments with jjcrfumery plants 388
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