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AGRICULTURAL COLLEGE. [Mar.

ANNUAL EEPOET.

To Bis Excellency the Governor and the Honorable Council.

The Trustees of the Massachusetts Agricultural College

respectfully submit their Report for the year 1874.

A very thorough official investigation into the condition of

the Agricultural Colleges, endowed by the Act which was

approved and signed by President Abraham Lincoln, July

second, 1862, has recently been completed by a congres-

sional committee. The report of this committee contains a

great amount of information in regard to these national

schools of science in the several States, and the general

results are stated as follows :

—

" A considerable number of the colleges have done work which

requires no apology ; and a few of those earliest organized have

already found time to take a high rank among the institutions of

the land. The number of students in attendance upon these schools

is already between three and four thousand, and they have furnished

more than sixteen hundred graduates to the active occupations of

life. They are generally gathering about themselves material ap-

pliances in the form of farms, stock, workshops, machinery, books

and apparatus. More than two hundred teachers are engaged in

the work of instruction. There is evidence of an honest purpose to

make the studies pursued such in variety, in extent, and in value as

shall meet the requirements of the law to which they are indebted

for their endowment. Studies connected with agriculture and the

mechanic arts are made prominent, if not paramount ; and there is

reason to believe that by this means the taste for these branches of

knowledge has been considerably increased in the whole community.

It must be added that the reports sent from these colleges reveal a

certain fresh interest,—a spirit of youth, a new enthusiasm,—which,

when intelligent and enduring, is one of the best prophecies of suc-

cess. Strong evidence is afforded of the power of these institutions
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to establish sympathetic relations between themselves and the com-

munities in which they are placed, in the fact that they have already

received, in appropriations from States and in donations from

counties, towns and private individuals, an amount almost equal in

the aggregate to the whole bounty of the Government."

An examination of the statistics to be found in this report

will furnish satisfactory proof that Massachusetts has no

reason to be ashamed of the institutions which she has

endowed with the proceeds of the national grant. In one

respect, however, the policy of the Commonwealth differs

remarkably, and most unhappily, from that of every other

State. No provision has been made for free scholarships in

her Agricultural College. Her normal schools are not only

open to all her sons and daughters, without any charge for

tuition, but excellent rooms and board are furnished for a

nominal and very moderate charge.

Harvard College announces that "good scholars of high

character but slender means are seldom or never obliged to

leave college for want of money," and the same may be safely

asserted in reference to the other colleges of the State.

It seems, therefore, most unreasonable that an institution

founded by the government for the technical education of the

people should be compelled to charge every student one hun-

dred dollars per annum for tuition and room-rent, thereby

excluding from it a large proportion of those who would most

gladly avail themselves of its advantages. If the object in

establishing such a college is to enlighten and elevate the

farming community, and to improve and increase the agricult-

ural products of the State, why should any one be debarred

by high tuition from the fullest enjoyment of its privileges ?

It is earnestly hoped, by both trustees and faculty, that the

legislature will not only appropriate the money necessary for

the maintenance of the College in a flourishing condition, but

also provide that indigent students, at least, who are resi-

dents of the Commonwealth, may enjoy free tuition.

To pay the small indebtedness, meet necessary current

expenses for the year 1875, and make some desirable im-

provements, the College needs an appropriation of ten thou-

sand dollars.

2
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The importance of providing the means to defray the neces-

sary expense of investigations and experiments for the

advancement of pure science, especially of chemistry and
animal and vegetable physiology, as well as for the improve-

ment of agriculture in its various departments, has been

repeatedly urged in former reports. The great number of

institutions maintained in Europe for this special purpose, as

well as the obvious advantages which must result from such

action, would seem to be sufficient reasons for a legislative

enactment requiring that such work should be constantly and

systematically carried on at the State Agricultural College.

Competent investigators ought to be found among the pro-

fessors, and useful assistants among the students, especially

in the post-graduate course ; while most of the material ap-

pliances are already at hand in the fields, the barns, the

plant-houses, and the scientific laboratories.

It is, however, indispensable, for the highest success of

such an experiment station, that its officers have the means

for purchasing such special apparatus as maybe required, and

for employing such labor as may at any time be absolutely

demanded. They must also have the assurance that investi-

gations may be continued through a series of years, without

interruption or hindrance, since field experiments will other-

wise be of comparatively little value.

Notwithstanding the want of funds and the abundance of

other imperative duties, the officers of the College have not

been idle in years past, but have enthusiastically and labori-

ously striven to accomplish what they could in this direction.

Professor Goessmann has won high commendation for him-

self and the College, and done a most valuable work for the

agricultural interests of the whole country, by his very elab-

orate and satisfactory experiments in regard to the cultivation

of the beet for the production of sugar. Though we still

continue to practise the folly of sending to foreign countries

one hundred millions of dollars in gold every year for an

agricultural product which the farmers of France profitably

raise for four cents per pound, and though we still in the

West grow corn for ten cents per bushel on land that would

yield easily a ton of sugar to the acre, we shall, before many

years, adopt the wiser policy of nearly all the nations of con
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tinental Europe, and cease to import what we can economi-

cally grow upon our own soil. Then the College reports

upon this subject, published in 1871, 1872 and 1874, will be

duly appreciated.

Again, in 1873, Professor Goessmann prepared a valuable

report on commercial fertilizers ; and the result of the discus-

sions thereby induced has been the enactment of a law for

the regulation of the sale of these costly, but indispensable,

aids to profitable fanning. The object of the law, in the

Professor's own words, is to compel the dealers in these

articles " to state what they sell and to sell what they state."

The very able reports made by him, as State Inspector of

Fertilizers, to the Board of Agriculture, and printed in the

"Agriculture of Massachusetts " for 1873-4 and 1874-5, have

been pronounced by Hon. Marshall P. Wilder as worth more

to the Commonwealth than all that has been expended for the

maintenance of the board since its first organization.

An excellent paper upon commercial fertilizers will be found

appended to this Eeport..

Professor Stockbridge has also been engaged, for some

years, under many difficulties, in the prosecution of experi-

ments relating to the application of special fertilizers in defi-

nite quantities to particular crops. The results are very

encouraging, and an interesting preliminary report upon the

subject is herewith presented.

Under the direction of the President, a great number of

observations have been made during the years 1873 and 1874

upon the following subjects, viz. :

—

First. The structure, composition and arrangement of the

buds of hardy trees and shrubs. Specimens have been col-

lected from one hundred and forty species, but the investiga-

tions are not yet finished.

Second. The percentage of water to be found in the wood
and bark of the several parts of trees at different seasons of

the year.

Third. The phenomena and causes of the flow of sap

from wounds in trees when denuded of their foliage, as well

as the flow from the stumps of woody and herbaceous plants

when cut near the ground in summer. In connection with

this subject an attempt has been made to determine what
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species flow, how rapidly and copiously, and under what

circumstances.

Fourth. The pressure and suction exerted by the move-

ments of the sap exuded from the detached roots of plants,

or from the wood of trees at different elevations from the

ground, as exhibited upon water or mercurial gauges or

manometers.

Fifth. The structure and functions of the bark of exogen-

ous trees, with special reference to the circulation of sap, the

formation of wood, and the effects of girclliug.

Sixth. The expansive force of growing vegetable tissue

in a squash has been measured, and in connection with this

experiment many interesting observations have been made
concerning the structure and development of the squash

plant.

The facts ascertained and recorded for the first time upon

the above topics are several thousand in number, and have

been presented to the State Board of Agriculture for publi-

cation in the Annual Eeport by Secretary Flint. A summary
of the results, in the form of a lecture, is appended to this

Eeport.

Valuable assistance has been cheerfully rendered by Pro-

fessors Peabody, Stockbridge, Goessmann and Maynard,»and

by Messrs. Wakefield, Wellington, Penhallow, Knapp,

Brooks, Hague, Dodge and Clark, members of the College.

A remark of Mr. Eobert Manning, editor of the publica-

tions of the Massachusetts Horticultural Society, is perhaps

worthy of record in this place. After being informed of the

interesting results of the above-mentioned investigations, he

said he did not know that it was necessary to maintain the

Agricultural College in order to have these truths discovered,

but they were unknown until after its establishment.

In addition to their regular duties as instructors, the Presi-

dent and Professors Stockbridge and Cressy, and Farm
Superintendent Dillon have attended a large number of agri-

cultural fairs, farmers' institutes, and the annual country

meeting of the Board of Agriculture, and contributed by

formal lectures and extempore remarks to the public exercises

of these gatherings. * It is an encouraging fact that the*

attendance on these meetings for the benefit of the agricult-
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ural community has been unusually large, and the interest

manifested very decided.

At the close of the academic year, Professor Peabody

resigned his position as professor of mathematics and physics,

and Professor William B. Graves, of Marietta College,

Ohio, was chosen as his successor. He is now engaged in

preparing a report to the legislature on the proper width for

the rims of wagon wheels, considered with reference both to

the wear of the highways and the draught of loaded vehicles.

The condition of the farm and its management for the year

will be learned from the accompanying report of Superin-

tendent Dillon. Professor Maynard's will show what has

been done in the horticultural department. The principal

wants of this department are, glass structures for the propa-

gation of bedding plants and for graperies and orchard

houses, and the fund, so often mentioned, of fifty thousand

dollars for the endowment of the Botanic Garden.

The Hills prizes for the best herbariums, prepared during

the year by the members of the senior class, were awarded

as follows, viz. :—The first prize, of fifteen dollars, to Thomas

Russell Callender, of Northfield, and the second prize, often

dollars, to William Penn Brooks, of South Scituate. The

prize, of five dollars, for the best collection of woods, was

obtained by Lauren Kellogg Lee, of Shrewsbury.

The public exercises of the fourth anniversary week began

on Monday, July thirteenth, when the lower classes were ex-

amined in the studies of the term by the committee appointed

by the State Board of Agriculture. The members of this

committee were President P. A. Chadbourne, D.D., LL.D.,

of Williamstown ; Joseph N. Sturtevant, Esq., of Framing-

ham; and Edward P. Root, Esq., of Barre. These gentle-

men visited the College several times during the year, and

their report in regard to its condition and wants will be

found in the "Agriculture of Massachusetts" for 1874-5.

The Farnsworth Prize Declamations occurred on Monday
evening, in the military hall, where all the anniversary exer-

cises were held. The successful competitors for the gold

medals were Thomas Edwin Smith, of Chesterfield, from the

sophomore class, and Joseph Wyman,. of Arlington, from the

freshman class. The silter medals were awarded to John
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Elgin Williams, of Amherst, from the sophomore class, and

to Walter Mason Dickinson, of Amherst, from the freshman

class.

On Tuesday-, July fourteenth, the forenoon was devoted to

the oral examination of the graduating class in agriculture,

for the Grinnell prizes, established by Hon. William Claflin.

A large number of distinguished gentlemen were present,

and abundant evidence given by the class of thorough train-

ing in this special department of the College. The examin-

ing committee, consisting of Gideon H. Allen, B.S., of

North Conway, N. H., John M. Smith, Esq., of Sunderland,

and J. N. Bagg, Esq., of West Springfield, awarded the first

prize, of fifty dollars, to Edgar Howard Libby, of Ashland,

and the second prize, of twenty dollars, to Edward Phelps

Chandler, of Westborough.

The Peabody prize, of twenty dollars, for the best collec-

tion of insects, was also awarded to Mr. Libby.

In the afternoon of Tuesday, the usual address before the

Social Union was delivered by President Chaclbourne. His

subject was " Physical Science as the Product and Promoter

of Civilization," and his masterly treatment of it afforded the

highest satisfaction to his hearers. The orator began by

comparing the ancient civilizations and their results to the

geological periods in the earth's history with the peculiar

treasures deposited in each for the use of man. "This age of

the earth, with its higher forms of life, is better than all

former ones. It is the period for which these were but prep-

arations ; and their importance is measured alone by the

material they have prepared for us. So the past civilizations

have left something all through the ages that we can no more

neglect than we can the mineral treasures of the earth. But

the present civilization, more wide-spreading than all others,

is to mold the destinies of the race while the world remains.

Nothing better has gone before it to which we can appeal for

an example and for guidance. The natural sciences are

prominent among the elements of stability in this civilization,

being important agencies in almost every system of education,

as well as the procurers and fashioners of almost every

material product which, the varied wants of enlightened man
demand. Physical science shows *what man has done for
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himself, not what nature has done for him. Science does not

advance man, but man advances science; and he does this

most effectually when striving after a knowledge of the truth,

without regard to its practical usefulness. The advance of

science is always beyond the line of utility.

" As a promoter of civilization, the greatest triumph of

science is the means it provides for intercourse among

nations. It also widens the field for human habitation, and

makes possible a more compact settlement of the earth. It

is a wonderful indicator of man's power of thought, and the

great preserver of all arts. But science cannot bring man
up to the highest plane of mental and moral character. The

guiding star to all permanent progress in this direction is

found in the firmament of our moral and religious nature."

A large number of graduates were in attendance at the

anniversary, and formally organized an association, to be

known as the Associate Alumni of the Massachusetts Agri-

cultural College ; the object of which is declared to be, to

promote in every proper way the interests of the College, to

cultivate among the graduates a sentiment of mutual regard,

and to foster and strengthen their attachment to their Alma
Mater.

The forenoon of Wednesday, July fifteenth, was devoted

to the inspection of the farm, stock and buildings, and the

review of the battalion of Agricultural Cadets by His Honor

Thomas Talbot, acting governor of the Commonwealth.

Several members of the executive council, and many other

distinguished visitors, were present to witness the evolutions

of the battalion under the command of Professor Merrill,

U. S. A.

In the afternoon, the usual graduating exercises were

attended by a numerous audience, and eight theses pro-

nounced by members of the graduating class, the valedictory

addresses being delivered by Daniel Green Hitchcock, of

Warren. The diplomas were then presented by His Honor
Thomas Talbot, with a few appropriate remarks. He eulo-

gized education, saying that an intelligent brain is the best

partner for industrious hands. There is no short cut to a

worthy life. Patience, integrity and hard work are the paths

that lead to success. In conclusion, he spoke of the advan-
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tages and pleasures of rural life in contrast with the incon-

veniences and uncertainties of a business career in the crowded

centres of manufactures and commerce.

In reviewing the history of the year 1874, the Trustees feel

that it has been one of real and unusual prosperity for the

institution under their charge. The officers and students

have performed their duties with marked fidelity, and there

has been no case of death or severe sickness among them.

The general tone of the newspapers has been much more con-

siderate and complimentary than heretofore, and the public

opinion in regard to the value of the course of study and

training at the College has evidently become more intelligent

and more favorable.

The method of teaching adopted by the faculty is the one

so much commended and so admirably practised by the

lamented Agassiz, which leads the student to observe and

investigate for himself, rather than to have implicit faith in

text-books, without questioning or testing their statements.

The educational influence of the numerous scientific investi-

gations and experiments continually carried on by the pro-

fessors, assisted by the students, cannot fail to be most

beneficial, as well on account of the accurate and permanent

character of the knowledge thus acquired, as of the stimulat-

ing and ennobling effect of such researches upon the minds

and hearts of those engaged in them.

Respectfully submitted,

By order of the Trustees,

W. S. CLARK,
President.

Amherst, January, 1875.
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THE FLOW OF SAP AND THE POWER OP PLANT

GROWTH.

The committee of arrangements for this Agricultural In-

stitute, in selecting their speakers, seem to have had in mind
the excellent motto of the Royal Agricultural Society of

England,—" Practice with Science." You have already been

entertained and instructed by gentlemen who possess both

practical wisdom and scientific attainments, as well as the

happy faculty of telling what they know in an interesting

manner. It is, therefore, with hesitation that I presume to

state a few facts concerning the phenomena of plant life which

have come under my observation during the past year.

There are said to be persons whose desire for the acquisition

of wealth is so excessive, that even in the presence of the majes-

tic fall and the resounding and resistless flood of Niagara, they

are principally occupied in calculating its value as a water-

power. Such men cannot be expected to approve or appreciate

any attempt at scientific research for the discovery of truth,

except so far as they may be able to see money in it. They

fail to perceive that every new fact learned is a step forward

in the grand march of human progress.

It seems to have been the special mission of the lamented

Agassiz to this utilitarian age and people to demonstrate the

unspeakable worth of scientific pursuits. This great teacher,

while devoting his life chiefly to the study of the most obscure

and worthless of animals, was accustomed, upon occasions

like this, to take the platform and awaken within the breast

of every hearer the highest enthusiasm for pure science, and

the heartiest admiration for himself as an interpreter of

Nature. Though he has left his associates on the State

Board of Agriculture no code of rules for their guidance,
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and though he has added little to what we call the practical

knowledge of farmers, he has been, like the invisible steam

within a mighty engine, the power to move us all. Let us

preserve the impetus he has imparted, and by similar diligence

and earnestness in the cultivation of those sciences which are

inseparably connected with progress in agriculture, we may
hope to command for our profession the respect of all intelli-

gent men, and to accomplish much for its advancement.

When we consider that during the past year more than a

million of dollars have been expended by the most enlightened

nations in sending expeditions to distant parts of the earth

to observe the transit of Venus, we may certainly hope that

scientific investigations concerning things nearer home, and

more directly connected with every-day life, will soon be

appreciated and sustained better than they have been in the

past.

Liebig, the illustrious leader in the application of chemistry

to the improvement of soils and the production of desirable

crops, has said that the scientific basis of agriculture em-

braces a knowledge of all the conditions of vegetable life

;

while Dr. Lindley, the distinguished botanist and editor of

the "Gardeners' Chronicle and Agricultural Gazette," of Lon-

don, has declared that good agriculture and horticulture are

founded upon the laws of vegetable physiology.

The phenomena of plant life, therefore, afford a most

appropriate 'field for investigation at an Agricultural College.

During the last two years numerous experiments have been

undertaken, and some thousands of observations made and

recorded at Amherst, for the purpose of learning as much as

possible in regard to the nature of the vital force in plants.

Our inquiries have thus far been directed especially to the

movements of the sap in the roots, wood and bark of trees,

and to the facts concerning its flow from the maple and other

species in the spring. Observations have also been made
upon the peculiar structure and functions of the wood, bark

and roots, and upon the mechanical power of growing

vegetable tissue.

Your attention is invited this evening to a few of the more
important results thus far attained, in the hope that they may
not prove altogether uninteresting. The importance of these
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investigations would be more readily appreciated did time

allow us to state some of the numerous, but exceedingly

diverse and often absurd, hypotheses which have been

advanced in reference to the circulation of sap in plants.

Even during the past year, a course of lectures on the

"Physiology of the Circulation in Plants, in the Lower
Animals, and in Man," delivered before the Royal College of

Surgeons in Edinburgh, has been published by Macmillan &
Co., of London, in which it is announced that the sap of

trees descends in autumn, and escapes from the roots into the

earth. The author, after assuming this and other false prem-

ises, proceeds to invent a marvellous system of compound

syphons, by means of which he accounts to his satisfaction for

all the movements of sap. The name of this ingenious profes-

sor is J. Bell Pettigrew, M.D., F.R.S., F.R.S.E., F.R.

C. P. E., etc., and ought to have weight, but unfortunately the

facts are against him, and facts are said to be stubborn things.

The syphons of Dr. Pettigrew are as difficult to find and

as useless as the spongioles which Mr. Herbert Spencer imag-

ines to exist in the roots and in the leaves of trees. He
assumes (falsely) that the upward and downward currents of

sap move in the vessels of the wood, the spongioles of the

leaves, which nobody else has seen, forcing the elaborated

sap down through the very same capillary tubes up which the

crude sap is supposed to be driven by the spongioles of the

roots, whatever they may be.

The observations to be described will demonstrate that the

metaphysical speculations even of talented men are of small

value in the study of experimental science.

Let us first consider the phenomenon of bleeding, or the

flow of sap, from plants.

The fungus called Merulius lacrymans, which causes the

dry-rot in timber, owes its destructive influence to the fact

that it is always moist, apparently from the exudation of

water from the surface of the fibres of its mycelium. Water

is said sometimes to drip from the leaves of the cabbage, the

calla and many other plants, especially during warm nights,

when exhalation of aqueous vapor from the stomates has

ceased. The leaf of a species of caladium has a small pore

at its tip, from which water drops so freely that half a pint
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has been collected from one leaf in a single night. This sort

of bleeding, or weeping, seems to result from the excessive

activity of the absorbent rootlets.

The pitchers of several species of Nepenthes, Sarracenia,

etc., secrete from glands within them an aqueous fluid, which,

however, seems to have some powerful properties, adapting

it for the destruction and digestion of the insects which serve

as food to these carnivorous plants.

A great variety of volatile oils, like turpentine and wood

oil, of resins, like copal, mastic and colophony, of elastic

resins, like caoutchouc and gutta-percha, of gums, like gum-

arabic, and of sugars, like manna, are found in commerce,

and are products either of decomposition or of secretion

in the tissues of certain trees. Sometimes these peculiar

substances, which are not known to be of any use to the trees

producing them, exist in all the tissues, while in other cases

they are confined chiefly either to the wood or the bark. The

mode of extraction varies greatly in different countries.

Thus, on the island of Singapore, the gutta-percha tree

has been exterminated by the destructive method adopted for

the collection of this valuable substance. The trees, instead

of being tapped and carefully preserved, were cut down to

obtain the milky sap. Caoutchouc is now generally obtained

by making incisions in the bark, or bark and sap-wood of the

numerous species which furnish it. Gum-arabic exudes from

natural cracks in the bark of several species of leguminous

trees in dry, hot weather. Manna is procured by making

short, horizontal incisions, one above the other, in the bark

of a species of ash. Venetian, turpentine is the product of

the European larch. The mode of tapping it in the Tyrol is

as follows :—A hole one inch in diameter is bored in the

spring into the centre of the tree, inclining slightly upward

from the bark. This is stopped with wood, and in autumn

the plug is removed and the pitch collected. This process is

repeated annually without any detriment to the tree. If,

however, several holes be bored and the pitch allowed to flow

through the warm season, as is done in Piedmont, the timber

is said to be greatly injured.

The gathering of turpentine, or pine pitch, in our Southern

States, is conducted in the following manner :—The turpen-
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tine flows from incisions made in the bark and sap-wood

chiefly of the long-leaved pine. One man can attend to about

three thousand trees through the year. The pitch is collected in

cavities, called boxes, holding about three pints, which are cut

with an ax, in the trunk, near the ground, during the winter.

Above the boxes horizontal incisions an inch or two in depth

are made, from time to time, so as to expose a fresh surface.

The quantity of bark thus removed from above the box

amounts to about a foot in height and the same in width each

year, and the process is continued till the so-called chipping

has extended as high as a man can reach, when a new box is

cut on the opposite side of the tree. The flow begins about

the middle of March and continues through the season of

growth, being best in July and August. The boxes are

emptied five or six times during the year, and the resin which

forms on the exposed wood is scraped off from time to time.

The total annual yield of three thousand trees is about seventy-

five barrels of pitch, and twenty-five of scrapings.

Many herbaceous plants, when growing rapidly, will flow

somewhat freely from the stump when cut down. Thus, if a

stout stalk of corn or tobacco be cut near the ground, it will

bleed for a few hours ; and, if a pressure gauge be applied

and the air excluded, the sap will exert a force sufficient to

sustain a column of water from ten to twenty-five feet in

height. The stump of a squash vine, about two months

old, in the Durfee Plant-house, exuded its sap, last August,

with a power equal to a column of water forty-eight and a

half feet high, but the tender roots died at the end of three

days, when the pressure ceased. [See Fig. 1.]

The Jubaea spectabilis of Chili is a palm tree, valu-

able on account of the very agreeable syrup obtained by

the evaporation of its sap. This, however, is procured in a

singular and wasteful manner. Trees fifty feet high are felled

so that the top lies higher than the butt. The single bud, with

the crown of leaves at the top, is then cut off, and the sap flows

freely for several months from the upper end of the trunk,

provided a fresh surface be exposed every day by removing

a thin slice of the wood. Mr. Darwin says if the top lies

lower than the butt, the sap will not flow, and that it runs

best in the warmest days. The total flow from each trunk
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amounts to about ninety gallons, or seven hundred and

twenty-five pounds, of sap. No satisfactory explanation of

this curious phenomenon has been discovered.

In the warm regions of Asia, Africa and South America

are found nearly one thousand species of palm trees, from

many of which a sweet sap is obtained in large quantities.

This is simply allowed to ferment, and drank as palm wine,

or distilled for the production of a sort of brandy, or it is

evaporated for the extraction of its sugar in the form of syrup,

or of a dry powder. In the province of Bengal, in India,

fifty thousand tons of palm sugar are produced annually.

The total product of palm wine in the world greatly exceeds

that of wine from the grape.

Instead of felling the trees, as in Chili, it is customary in

some countries to make deep incisions into the top of the trunk,

from which the sap flows during the cooler months of the

year, the amount varying with the species. The common
wild date tree of India, which attains a height of from thirty

to forty feet, yields about two hundred pounds per annum of

sap, containing some eight pounds of sugar, or four times the

average yield of our sugar maples.

Palm wine, or toddy, is, however, usually obtained from

the great branching flower stalks of the trees. From the

axils of the immense leaves, or fronds, are developed huge

buds, containing the inflorescence. Before these burst the

stout spathe by which they are enveloped, they are carefully

bound together and then beaten with sticks, to crush the

flower buds and thus to cause the sap to flow freely from the

tip of the main axis of the inflorescence, which attains a

length of some feet. The process of beating the bud and

removing a thin slice from the end is repeated daily so long

as the bud lasts. There are often several of these flowing on

the same tree at once, and upon some species they are con-

stantly renewed and as constantly bled for two or three years,

when the tree dies from exhaustion.

The Agave Americana, or century plant, upon reaching

maturity, which it does in warm regions in about seven years,

sends up a flower stalk which produces numerous branches

and several thousand flowers, rising to the height of from

twenty to forty feet. Near the cities and large towns of
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Mexico, extensive plantations of this species are cultivated

for the sweet sap which flows very abundantly into the cavity

formed by cutting out the flower bud from the centre of the

crown of massive leaves. This sap is produced for several

months, until the plant is exhausted, and in the aggregate

amounts to from twelve hundred to sixteen hundred pounds

from each plant. It ferments rapidly and forms an acid,

slightly intoxicating fluid, with an intolerable odor of carrion.

It is called pulque, and is the favorite beverage of the Mex-

icans. Foreigners are also said to become accustomed to its

peculiar taste and odor, and then to prefer it to claret. A
powerful brandy is also distilled from the fermented sap.

At present we are unable to give any other explanation for

the flow of sweet sap from the flower buds of palms and

agaves than that these plants have been so constituted that

they first accumulate a quantity of starch, which is stored up

either in the leaves or the pith of the stems, and then, by a

vital process, this starch is rapidly converted into sugar and

transferred to the flower buds for their nourishment.

During the past two years, we have tested with reference to

the flow of sap about sixty species of trees and shrubs grow-

ing in Amherst. These have been tapped at various times

during the year, and most of them have been visited daily,

about noon, for several weeks in the spring. Whenever sap

has been seen to flow, the number of drops per minute

has been recorded, or the entire flow for the day has been

weighed. The results of these observations will be found

in the annual report of the State Board of Agriculture for

1874-5.

Many trees, like the chestnut, the oak, the elm and the

poplar, do not flow at all ; others, like the buttonwood, the

apple, the beech, the alder and the hickory, flow for a very

short time, or in very moderate quantity; while others, like

the birches, the maples, the ironwood and the grape, flow for

a considerable time quite freely.

The grape is generally supposed to bleed more abundantly

from wounds than any other woody plant, but there are

several species which far surpass it in rapidity and quantity

of flow, even though allowance be made for its size. The

total amount of sap from a very large wild vine, during the
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past season, was eleven pounds and nine ounces, while

a paper birch, fifteen inches in diameter, yielded sixty-three

pounds in one day and fourteen hundred and eighty-six

pounds in less than two months.

The second question for consideration relates to the time

when plants bleed.

Herbaceous plants flow most copiously when in vigorous

growth, if the stems be cut off so as to offer little resistance

to the sap forced upwards by the active absorption which

occurs as a vital process in the root hairs or minute rootlets.

Palms and agaves flow when about to blossom, and so far

as we know, by reason of a vital process, connected with

the period of inflorescence and fruiting. If the flower stalks

were uninjured, the same transference of material would

occur, and we should imagine we accounted for it by saying

it goes to the place where it is wanted and used. But this is

no reason for the continued flow from the wounded bud, the

development of which has been stopped.

The bleeding of tjhe grape, the apple and other trees,

which occurs only in warm weather, must be attributed to

the vital force of the absorbent surface of their roots, which

awaken to new activity after their annual period of repose.

The flow from such species is not of long duration, and ceases

with the development of their foliage.

Certain species of trees, of which the sugar maple may be

taken as the type, will bleed from wounds at any time

between the fall of the leaves in autumn and the opening of

the buds in spring, provided the weather is sufficiently cold

to freeze the wood, which contains from forty to fifty per

cent, of water, at all seasons of the year, and provided the

temperature afterwards rises somewhat above the freezing

point.

If a mercurial gauge be applied to the root of a grape

vine, which is entirely separated from the vine itself, and

lies buried in the earth just as it grew, it will, like all other

roots in early spring, show suction ; that is, the root will

absorb the water from the gauge and draw the mercury

towards itself. In May, however, the root will begin to

exude sap into the gauge, and the pressure exerted by it will

increase until about the last of the month, when it will be

4
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equal to a column of water from fifty to ninety or more feet

in height.

A black birch root, treated in a similar manner during the

past season, has shown a variation, between the greatest

suction and the highest pressure, of one hundred and three

feet of water.

If now we app]y a gauge to the root of a sugar maple, we
obtain most surprising results. This tree, which flows so

freely, exhibits no pressure from root absorption. We must;

therefore, seek some other cause for the flow of sap, which is

often very abundant.

In order to learn the movements of the sap in a sugar

maple, we attached, last March, five gauges to one tree in

the following manner, viz. :

—

Number one, to a detached root in its natural position in

the ground.

Number two, to the end of the same root which was con-

nected with the trunk of the tree.

Number three, to the sap-wood just beneath the bark and

two feet from the ground.

Number four, to the centre of the tree, in the heart-wood,

at the same level with number three.

Number five, to the sap-wood, twenty feet above number

three, among the branches.

Observations were made three times daily for ten weeks,

and the following remarkable results obtained, viz. :

—

First. The detached root showed no pressure at any time.

Second. The gauge among the branches exhibited the

greatest pressure, which was equal to more than fifty-two

feet of water.

Third. The other gauges varied somewhat alike, but

showed the most pressure when sap flowed most rapidly from

other sugar maple trees.

Fourth. When the sap ceased running, as at night, the

gauges began to exhibit suction from the reabsorption of the

sap in them by the tree.

From these and other facts, it became evident that the flow

of sap from the maple was in no sense a vital process, but

purely physical. The hypothesis was therefore adopted that

a hard frost separates the sap from the wood of certain trees,
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and that when the temperature rises it is gradually reabsorbed.

If, however, the tree be tapped, so that the liberated sap can

run out, then it will do so, flowing, as is the case in the

maple, most copiously from above. The bleeding is a sort of

leakage from the vessels of the wood ; but this is evidently

aided by the elastic force of the gases in the wood, which are

compressed by the sap liberated, and which are further

expanded by the increase of temperature which always

accompanies a flow.

This hypothesis explains the variations of the gauges, and

accounts for the singular fact that the upper one shows the

most pressure, because the branches and twigs would of

course be most quickly and powerfully affected by the heat

of the sun and the temperature of the atmosphere. The

pressure of the expanded gases within a tree, in its normal

condition, would facilitate the process of reabsorption by the

wood of the' liberated sap. Their contraction by cold would

also cause the cessation of the flow from a tree which was

running, and produce the extraordinary phenomenon of suc-

tion, exhibited by the gauges at night.

An interesting demonstration of this theory was obtained

by cutting branches, fifteen feet in length, 'from trees of

sugar maple, white birch, hickory, buttonwood, chestnut and

elm, when the temperature was below zero, and suspending

them in the warm air of the Durfee Plant-house. The maple

soon began to flow at the rate of twenty-four drops per

minute, the buttonwood eleven drops, and the hickory exuded

a little honey-sweet sap, precisely as in early spring; while

the birch, the chestnut and the elm remained perfectly dry.

A gauge was then attached to a maple limb,*and exhibited the

same phenomena when the limb was heated and cooled as

were observed upon the trees in the open air last spring, in

the alternations of day and night.

In regard to the causes which induce the absorption of

water and soluble substances by the roots of living plants, it

seems unfortunate that so much has been claimed for osmose

in this connection. Boussingault has recently shown that

roots containing sugar do not exude it when growing in

water ; while leaves and fruits, when immersed in this fluid,

readily absorb it by an osmotic process, and part with their
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sugar. If the enormous absorption of water by the roots of

birch trees, in spring, were accompanied by any correspond-

ing exudation, it would appear easy to find some proof of it,

which no one has yet detected. It is not possible to account

for the fact, that when the sap is rising most rapidly, none

will flow from a wound in the bark, even when it will run a

stream from the outer layer of wood, if the circulation in the

trunk is caused by osmose. There is fresh cellular tissue in

the liber and some soluble material ; but the bark remains

comparatively dry till growth begins. After the cambium
has become abundant, why should not all the crude sap

press towards it and draw the elaborated material directly

into the wood, instead of pushing its way against the force of

gravity to the leaves, if osmose is so powerful an agent in

the circulation ? If this tendency to rush into the bark were

to exist, there would be a much greater flow from places that

are girdled than is now observed, and probably the bark

itself would be ruptured by the pressure exerted , which

would often be equal to more than thirty pounds to the

square inch.

One of the most surprising facts to be noticed in examining

the wood of any tree with well-developed foliage, is the entire

absence of anything like free, or fluid, water. A freshly cut

surface of the sap-wood is not even moist to the touch, and,

if a tube be inserted into the trunk of such a tree, it will fre-

quently absorb water with great avidity. On the sixth of June

last, a half-inch tube, six feet in length, was attached to a

stop-cock, inserted into the trunk of an elm, and the tube filled

with water. The absorption was so rapid that the fluid disap-

peared in thirty minutes, and this was repeated several times

the same day. Similar observations were made upon white

oak, chestnut and buttonwood trees.

Now, this absorption was not osmotic, but apparently the

result of imbibition, or the affinity of the cellulose of the

woody fibre for the water. Is not this, then, the proper

name for the force which carries up the crude sap ?

The wood of growing trees, when cut from near the sur-

face, though apparently dry, contains nearly fifty per cent, of

water: and in the young twigs, with a living pith, the pro-

portion is even greater.



1875.] SENATE—No. 99. 29

There is good reason to believe that the sap in ordinary

trees begins to move first in the buds, and that the first sup-

ply of water exhaled in the spring is derived from the sap-

wood. Branches of aspen and red maple, two feet in length,

were cut on the twenty-sixth of last March, aud placed in a

warm room in an empty vase. The flower buds developed

without any other water than what they could abstract from

the wood ; so that, on the fifth day, the staminate catkins of

the aspen were four inches long and the pollen well devel-

oped. Branches which have been removed from apple trees

in the spring are often covered with blossoms in a similar

way, while lying on the ground. It is a well-established fact

that the roots of most woody plants have no power at any

season to force water to any considerable height when sepa-

rated from their stems.

The roots of all plants, growing in ordinary soil, develop

most freely and absorb most abundantly, when the earth is

well drained and aerated. Thus we find that the crude sap

imbibed by the root-hairs from the surface of the particles

of the soil, seems to be taken up in a dry state,—that is, it is

absorbed, molecule by molecule, and no liquid is visible, and

carried in this form through all the cellulose membranes

between the earth and the leaf by which it is to be digested

or exhaled. We do not say this is literally true, but it

accords very nearly with what is constantly to be seen. The

circulation of the sap in a poplar tree is very dry, compared

with that of the blood in any animal. Not a drop of sap or

moisture will ever flow from the soft wood of an aspen, so

far as we have observed. Nevertheless, it grows very freely

and starts very early in the spring, and usually contains more

than fifty per cent, of water.

That living cellulose has a peculiar and most powerful

affinity for water is evident from the fact, discovered by De
Vries, that when a shoot of an herbaceous plant with large

leaves is cut, and the fresh surface allowed to come for a

short time into contact with the air, it loses much of its

absorbing power, and the leaves will wilt, even though it be

placed in water. If, however, the section be made under

water, so that the living tissue is not exposed to the air, its

power of imbibition remains unimpaired, and the leaves do

not wilt.
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It appears, therefore, that much of the crude sap passes

through the membranes of the sap-wood, or woody fibre, or

cellular tissue of plants in an apparently solid form, combined

with the cellulose, just as the water in dry slacked lime or a

plaster cast is in a solid state. In all these cases, it may be

obtained as a liquid by distillation at a temperature of 212° F.

The cause of the motion is the removal of the water from the

tissue at some point, by exhalation, by chemical combination,

or by assimilation. Whenever any portion of the living

cellulose has an insufficient amount of water to saturate its

affinity, it imbibes an additional quantity, and this process is

continued backward through the tissues to the earth or the

source of supply.

The conducting power of the cellulose of sap-wood is very

remarkable, as is seen in the fact, that whenever a limb of an

apple or peach tree breaks down under its burden of fruit, it

very rarely wilts or fails to ripen its crop. Those who have

compared the area of a section of the trunk of a large tree

with the area of a section of its branches at any point above,

must have noticed that the relative amount of sap-wood

rapidly increases as we ascend toward the top, and that the

young twigs and small branches contain no other wood.

An elm in Amherst, famous for the beautiful symmetry of

its form, and known as the Ayres elm, was carefully meas-

ured last summer by Professor Graves and the senior class of

the College. The area of the sections of the branches twenty

feet from the ground was more than twice as great as the

area of a section of the trunk four feet from the earth, and

the proportion of sap-wood was of course much greater.

An interesting experiment was undertaken at the Durfee

Plant-house, to determine how small a proportion of sap-

wood could conduct the necessary supply of sap to the foliage

of a growing tree, and, also, whether the bark alone could

transmit the requisite water to prevent the leaves from wilting.

A plant of Hibiscus splendens, standing in the ground, and

having three stems from the same root, was selected for trial.

The plant was growing rapidly, and was prepared for the

experiment as follows :—Two of the stems were tied firmly

to stakes, and the third left undisturbed. The first specimen

had all the bark removed from one inch of the stem, and
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Fig. 2.

then the wood was cut away until there remained only a

small piece of the outside layer of sap-wood, which was one

inch long, and seven-sixteenths of an inch in

circumference. This exposed surface was im-

mediately covered with grafting wax, to protect

the tissues from the action of the air. The amount

of stem remaining was just one eighty-fourth of

the original, which was about four inches around.

The healthy leaf surface was fully twenty-five

hundred square inches, from both sides of which

exhalation went on to some extent, making five

thousand square inches of exhaling surface. The

result was that the foliage remained perfectly

fresh and vigorous for ten days, until, on the

tenth of November, the specimen was cut for the

museum. [See Fig. 2.]

The other stem was used to determine whether,

by osmose or in any other way, the crude sap

could ascend in the bark and supply the leaves

with water. All the wood, and one-third of the

bark, were removed from a portion one-half inch

in length, the exposed tissues protected by

wax, and the branches so pruned as to

leave but five hundred square inches of leaf

surface. The foliage drooped in a single

hour, and never recovered. This experi-

ment showed that the bark was altogether

incompetent to transmit the requisite supply

of crude sap to the parts above it, although

it was thick and succulent and much greater

in quantity, when compared with the ex-

haling surface, than the piece of sap-wood

which showed such marvellous conducting

power. If osmose were the cause of the

ascent of sap, it would seem that the abun-

dant parenchyma of the bark, intimately

united as it is with the wood by the medul-

lary rays, must freely transmit the amount
required in this case. But the leaves wilted

and perished as quickly as if the entire

stem had been severed. [See Fig. 3.]
Fig 3.
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Having thus demonstrated the fact that crude sap ascends

chiefly in the sap-wood of exogenous trees, let us now con-

sider a few facts which appear to prove that there is—

a

counter movement of elaborated sap, which is, for the most

part, confined to the bark.

It is well known that if a narrow ring of bark be removed

from the trunk of a tree between the leaves and the roots,

then the deposition of wood ceases below the girdled place,

though above it the growth for the season ensuing will be

quite normal. This proves beyond dispute that the wood
cannot convey that portion of the elaborated sap which is

essential to growth, and that it can be conducted only by the

tissues of the bark, or the imperfectly developed tissues of

the cambium, between it and the perfectly formed wood.

Nevertheless, there is free communication in a transverse

direction for the crude sap, and for some of the elaborated

substances, between the wood and the bark, probably by

means of the medullary rays which connect the two. Thus

only can we account for the fact that the bark below a girdled

place often remains alive long after the deposition of wood

ceases, and also for the circumstance that starch and sugar,

which must originally come from the leaves, are found

either accumulated in the cells of certain stems and roots,

or existing in the sap which flows or is expressed from their

tissues.

If we shave off little by little the bark of a maple when the

sap is flowing freely, we shall observe no exudation from any

portion of the liber even, but, as soon as the whole of this is

removed, the sap issues from every part of the surface of the

exposed wood.

Again, those who work with mill logs tell us that in the

spring the bark becomes soft and loose, precisely as if the

tree were standing, at least in the case of some species.

Sometimes logs and poles cut for fences will sprout and

actually produce shoots with foliage, the sap of which must

be derived from that which is stored up in the timber, and

which must pass from the wood to the bark.

Mr. William F. Flint, of Richmond, New Hampshire, has

sent us a piece of a red maple slab, which he found on moist
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ground under a pile of wood, and which threw out at the

ends and sides a callous a quarter of an inch thick, precisely

like an ordinary cutting of a grape viue. Here we have an

instance of growth without either roots, buds or leaves, all

the material for which must

have been derived from the

stick itself. [See Fig. 4.]

Similar to this in its char-

acter is the curious circum-

stance, not very unfrequent,

of old potatoes resolving

themselves into several small-

er ones within the skin of the

parent tuber, without any

external appearance of veg-

etation. This is reported to

have occurred in a vast num-

ber of tubers in a quantity of

potatoes on board a vessel in

the Arctic Ocean, where the

low temperature probably

exerted some influence in

causing this peculiar mode
of sprouting.

With the view of deter-

mining some facts concerning

the functions of the bark in

connection with the circula-

tion of sap and the growth of wood, many experiments have

been undertaken at the College, during the past two years,

with some interesting results.

In order to learn whether the annual layer of wood upon

trees is developed from the outside of the old wood or

from the inside of the bark, the following plan was tried

:

Vigorous young trees of elm, willow and chestnut were

selected, which were from two to three inches in diameter.

On the thirtieth of May, before any deposition of organ-

ized tissue was visible, but when the bark was easily sep-

arated from the wood, a horizontal incision was made
with a sharp knife around each stem, and immediately

5

Fig. 4.
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Fig. 5.

above this four vertical incisions, on the four quarters of

the stem, about three inches in length.

The four strips of bark were then care-

fully detached from the wood at their

lower ends, and a piece of tinned copper,

one inch wide and long enough to reach

around the wood and overlap, was adjusted

to the trunk. The bark was then replaced

and covered tightly with cloth which had

been dipped in melted grafting wax. The

trees grew through the season as usual

;

and, after the fall of the leaves, the band-

ages were removed and the results ob-

served. In all cases, the new wood (b) was

found to have been deposited from the

bark, and outside of the metallic band (a).

[See Fig. 5.]

Examination under the microscope showed that the medul-

lary rays were as numerous as in other

portions of the layer of wood, and extended

directly from the bark to the metal under

it, thus proving that it did not flow down
from above the band. [See Fig. 6.]

This quite satisfactory result demon-

strates that the elaborated material, formed

in the leaves, descends in the bark, rather

than in the wood of all exogenous trees.

Much information has also been obtained

in regard to the effects of ringing or gird-

ling the trunks and branches of trees by the

removal of a band of bark, or of bark and

sap-wood, from the entire circumference.

This has long been practised in new

countries to kill the timber which the set-

tler had not time to fell, but must destroyFig. 6.

* Figure 6 gives the microscopic structure of a horizontal section of the elm wood

and hark directly over the metal. Next to the tin was a thin layer of parenchyma

(a), connected to the inner layer of hark hy medullary rays (c), which were as

numerous as in the other parts of the new wood, and passed directly from the bark

to the metal, whether examined in a horizontal or vertical section. The cork-cells

(/), bast (d) and parenchyma (e) of the bark, and the woody fibre (6), ducts {g)

and medullary rays (c) of the stem, are clearly visible in this section.
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in order to obtain grass and other crops. The Chinese are

said to produce curious dwarf fruit trees, by ringing a fruit-

bearing branch and placing over the spot a flower pot filled

with earth in which roots are developed, so that it may then

be detached from the parent tree and cultivated independently.

The Italians propagate the fig tree in a similar manner, and

this process may be made very useful in securing the certain

growth of a sporting branch of any woody plant, or of the

branches of species with spongy or pithy wood, which will

not root from cuttings.

It is a well-known fact that the ringing of the branch of a

vine or tree will tend to increase the size of the fruit the fol-

lowing season, because the branch is thereby gorged with

elaborated material for which the e is no outlet, and some

persons habitually adopt this mode of improving fruit, espe-

cially that of the grape.

In the town of Southborough, Mass., is an apple orchard of

healthy trees, from twelve to sixteen inches

in diameter, w^hich were all girdled by the

owner, Mr. Trowbridge Brigham, in the

spring of 1870, for the purpose of inducing

fruitfulness. The desired result is said to

have been obtained, and the trees seem to have

suffered no material injury, owing to the im-

perfect manner in w7hich the operation was

performed. At the time when the trees were

in full blossom, a narrow belt of bark, usually

less than an inch in width, was removed from

the trunks, about two feet from the ground.

This did not peel freely in all cases, and there

were many crevices where it was retained.

By means of these connecting links the com-

munication between the leaves and roots was

imperfectly preserved, and during the season

new wood and bark were developed upon

these places. In addition to this, in many
cases, the new wood from the upper side of

Fig. 7*

* Figure 7 shows how a branch of a wild grape vine, after being girdled, formed new
wood from both above and below, and thus made a new passage for the downward

flow of the sap. The wood developed from beneath the girdle was formed from sap

elaborated in other branches.
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the .girdled spot was sufficiently abundant to reach across

and form a connection with the living bark below. [See

Fig. 7.]

Upon one of these trees was found a branch some four

inches in diameter, which had been perfectly girdled in 1870,

and, although no communication had existed between the bark

of the branch and that of the trunk, it had grown every year

till March, 1874, when it was cut. The buds upon it were

poorly developed, but alive, while the ends of the branches

were dead. It apparently could not have survived more than

a year or two longer, and the reason was obvious upon mak-

ing a longitudinal section through the girdled part. The limb

was nearly horizontal, and the ring of bark removed was only

Fig. 8.

a few inches from the trunk. New layers had formed each

year up to the denuded place, but the enlargement was more

above this than below it. The material to form new wood

and bark below came from the other parts of the tree, and

yet, owing apparently to the poor circulation, was deficient

in quantity. The crude sap, with some materials from other

portions of the tree, ascended to the buds and leaves, and

so an unhealthy growth was continued. An examination of

the section of this branch explained the cause of its final

failure. The wood beneath the girdled place, through which

the sap must ascend, was gradually dying, and thus the

channel of communication was constantly becoming more

and more obstructed. On the whole, this mode of treating
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orchards cannot be recommended for general use. [See

Fig. 8.]

In regard to the length of time during which a perfectly

girdled tree may continue to live, we have obtained some

facts worth recording.

In India, it is necessary to girdle the teak trees the year

before cutting them, in order to have them die and lose a

portion of their sap by evaporation, since otherwise the logs

will not float down the rivers to market. Removing a ring of

bark is not sufficient to accomplish this result, and it is neces-

sary to cut through all the sap-wood, so as to prevent the

ascent of water to the leaves, or the trees will continue to

live for years.

Mr. William F. Flint has communicated an interesting

account of a beech tree, about eighteen inches in diameter,

which grew in an open pasture in Richmond, New Hamp-
shire. It was girdled, for the express purpose of killing it,

in 1866, by chopping a gash two or three inches wide and

nearly as deep entirely around the trunk near the ground.

The next year it sent up sprouts from below the girdle, and

formed a new layer over its entire surface. This was

repeated in 1867 ; but in 1868 the bark and sprouts of the

lower part died, and dead branches began to appear in the

top. This process of decline continued, and, in 1873, but

one of the large branches put forth its leaves, and, finally, on

the ninth year, in 1874, it died utterly. This remarkable

tenacity of life is doubtless due to the close, fine texture of

the timber, and the fact that such beeches in open land have

an unusual amount of sap-wood, and are hence called white

beeches.

A red maple on the College farm, which was girdled in

April, 1873, by cutting a channel in the sap-wood, two inches

wide and one inch deep, bled most profusely, but grew as

usual through the season. No wood, however, was formed

below the girdle, and the bark died and separated from the

wood. The roots, however, remained alive, and the tree has

borne its usual amount of foliage during the summer of 1874,

and formed its buds for the next year, and produced a new
layer of wood above the girdle. Specimens have been col-
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lected for chemical and microscopic analysis of the roots and

of the wood and bark above and below the girdle, in the hope

that some light may be thrown upon the subject of sap circu-

lation and the functions of the bark, whenever this work can

be done.

On the third of June last, branches of the apple, pear,

peach, crab-apple and grape, were girdled by removing a ring

of bark one inch long. They grew well, and bore an abun-

dance of fine fruit, as was expected.

At various times during the summer, a large number of

a B....

Fig. 9. Fig. 12.f

small trees of the more common species were girdled. They

all grew through the season as usual , except that they formed

no wood below the girdle, after the bark was removed. The

bark below the girdle, however, remained alive and healthy
;

* Figure 11 shows the microscopic structure of the ordinary bark of a young red

maple. A, periderm or cork. B, primary parenchyma. C, secondary parenchyma.

D, bast fibres. E, woody fibre of trunk. F, vessels or ducts in wood. G, medullary

rays connecting bark and wood. H, recent parenchyma of inner bark.

f Figure 12 shows the same elements in the newly-formed bark seen in Fig. 10,

magnified 200 times.
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but the place from which it was removed became dry and

dead, except in a single instance.

The red maple, girdled June twenty-third, formed wood

only on the upper side ; but the specimen girdled July twenty-

first, formed a new layer of wood and bark upon the denuded

surface. This was doubtless owing to the fact that a portion

of the cambium was left on the wood sufficient to conduct the

elaborated sap and form new tissues out of it. This tree, like

the others, grew in the woods, where it was shaded from the

direct rays of the sun. The new bark was of a reddish

brown color, and very smooth, and consisted of a thin layer

of periderm or cork, with parenchyma and bast, and closely

resembled in its structure the ordinary bark of this species.

There is a popular notion that the bark of an apple tree,

removed on the longest day of the year, will be renewed,

and it is well known that occasionally such renewal of the

bark of various species does occur. This may happen

whenever there is deposited upon the old wood, enough

of the new layer to conduct downward the elaborated sap

and develop from the living parenchyma of the forming

medullary rays a protecting layer of periderm. [See Figs.

9, 10, 11 and 12.]

It is not uncommon for the bark of the half-hardy weeping

willow to be started by freezing and thawing from the wood.

When this is the case, there sometimes forms a new layer of

wood upon the detached bark, which is disconnected from the

wood of the parent trunk. There is, also, sometimes formed

a new layer of wood and periderm on the old wood under

the shelter of the old bark, and roots often descend from the

healthy portion of the trunk several feet beneath the loose

bark to the ground, and as soon as they penetrate it enlarge

rapidly. All these phenomena are readily explained by

supposing that the liber or inner bark of the tree is torn asun-

der, a portion sometimes remaining attached to the wood suf-

ficient to conduct the elaborated sap, and so form a new layer

of wood with a layer of cork. The roots are developed from

the uninjured portion under the protection of the old bark,

and in their nature are precisely like roots from cuttings.

The rupture of the medullary rays and the separation of the
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bark from the wood by the combined action of frost and sun-

shine is not uncommon in the apple and other cultivated trees.

If a severe frost separates the water from the wood as ice,

and it then thaws and freezes again, before it can be reab-

sorbed, it would be likely to burst the bark or tissues in

which it was accumulated. This usually results in one or

more cracks through the bark on- the southerly side of the

tree, from which there is, in the case of the apple tree, com-

monly a slight flow of crude sap in the following April or

May. The outside of the bark is blackened, and the detached

portions die.

In the spring of 1874, a vertical crack three feet long was

noticed on the south side of a vigorous young Gravenstein

apple tree in Amherst, the trunk of which was about three

inches in diameter. Upon examination it was found that the

bark had not been separated from the thick layer of wood

formed the previous year, but that this outside layer was

entirely separated from the wood beneath. The bark being

supplied with sap, ascending through this layer, remained

sound, and the crack being filled with wax the tree grew

equally well with others in its vicinity, which had sustained

no injury. The new growth on the sides of the crack, being

covered only with a thin, soft periderm, will doubtless

readily unite, and there will soon remain no trace of the rup-

ture. The separated layers of wood, however, will never be

reunited, though the inner ones may conduct sap until con-

verted into the nearly impervious heart-wood, which occupies

the central portion of every trunk after it attains to any con-

siderable size. At what age, if ever, the inner wood of

exogens loses all power of conveying sap, and whether the

sound heart of an old tree, which has never been exposed to

the influences of the atmosphere, still retains life, are questions

which have not yet been definitely answered. It is not easy

to say wherein the vitality of any perfectly formed tissue,

whether of the wood or bark, consists, since its cells have no

power of enlargement or multiplication. The functions of

the wood seem to be mainly, if not wholly, such as may be

performed by dead material. The cellulose which has never

been exposed to the air, may retain its peculiar affinity for

water, which is evidently much greater before than after
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drying. The cells may servo as reservoirs of starch and

other substances which may afterwards be imbibed by the

living, growing or ripening tissues. The pith, which is alive

in }
roung branches so long as leaves are borne upon their

wood, dies apparently with them. If growth is a character-

istic of living tissue, then our trees may with some reason be

considered annuals, since all their growth proceeds normally

from their winter buds and completely envelopes every por-

tion of the tissues of root, stem and branch previously

formed, thus excluding them from the weather and prevent-

ing their decay while using them for a support and a source

of supplies. However this may be, it is certain that the

vitality of trees is concentrated in a remarkable manner upon

their surfaces and the extremities of their roots and branches.

Among the observations made during the past season, not

the least interesting were those relating to the natural grafting

which is frequently to

be seen in the forests,

and which is particularly

noticeable among roots.

[See Fig. 13.] Time

will not permit us to

dwell upon this subject

here; but the wonder-

ful conducting power of

woody tissue, and the

surprising vitality of the

bark, can be illustrated

in no manner so clearly

as by reference to the

possibilities of the proc-

esses of budding and

grafting wThich are so

universally employed in the propagation of desirable varieties

of trees. Two cases only can be mentioned. First, a com-

pound tree can be produced, which shall have a plum root and

stock, on which shall grow an apricot stock, and on this, a

blood peach with red wood, on this a snow peach with white

Fig. 13.*

* Figure 13 shows the grafted roots of a white pine stump, the points of union

being very numerous.
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wood, and on this, an almond with yellow wood. Thus we
may have a tree with plum roots and almond foliage. But

we can cause buds to be developed on all the live sorts of

wood and bark which constitute the stem so as to have five

kinds of leaves, flowers and fruits produced by means of the

crude sap absorbed by the plum roots. This is plainly analo-

gous to the raising of a child, a calf, a colt, a lamb, a white

pig and a black pig on the same cow's milk. The specific

life of each, and not its food, determines its size, form and

character. [See Fig. 14.]

To show still more impressively the peculiar power of the

wood and bark to conduct the crude and elaborated saps in

either direction, and to act either as roots or branches, as

circumstances require, we will describe an experiment per-

formed by a French gardener, M. Cariilet, at Vincennes, in

1866 and 1867.

* Figure 14 illustrates the natural grafting of two trunks of white pine. A is th<

smaller trunk, a branch of which is seen to grow through the wood of the larger one

The union of wood is perfect, and the elaborated sap from B has flowed so freely

over the connecting branch, that A is larger below, and B is larger above the place o

junction. C is the knot in the heart of B, formed of the base of the limb, in the axi

of which D, the connecting branch, became fastened in the beginning of the operatior



1875.] SENATE—No. 99. 43

He selected two dwarf pear trees grafted on quince roots,

which were from four to five feet high. One of these was

carefully dug up in April, 1866, and fastened in an inverted

position above the other. The leading shoots of the two

trees were now flattened on one side with the knife and the

two surfaces firmly bound together in the usual manner of

splice-grafting. The two shoots grew together, and in the

course of the summer following a few leaves appeared on the

main stem of the inverted pear tree, and also on the main

branches of the quince roots, which were entirely in the air,

some eight or ten feet from the ground. The next spring,

scions from four varieties of pear were set upon the four

main branches of the quince roots, two of which lived and

grew several inches. Meanwhile, the inverted pear tree bore

two pears. Here, then, was a composite tree, consisting first

of a root of quince, then a pear tree ; upon this was an in-

verted pear tree, which had branches consisting of inverted

quince roots which produced quince leaves ; and these were

surmounted by pear shoots of two unlike kinds. Upon such

a specimen it would be difficult to comprehend the working

of the imaginary syphons of Dr. Pettigrew, to which reference

has been made. ********
But I am reminded that I have promised to tell the story of

a squash in harness. The following considerations sug-

gested the idea of experimenting with this plant :—
First. It is a well known fact that beans, acorns and other

seeds often lift comparatively heavy masses of earth in forcing

their way up to the light in the process of germination.

Secondly. We have all heard how common mushrooms

have displaced flagging-stones, many years since in Basing-

stoke, and more recently in Worcester, England. In the

latter case, only a few weeks ago, a gentleman noticing that

a stone in the walk near his residence had been disturbed,

went for the police, under the impression that burglars were

preparing some plot against him. Upon turning up the stone,

which weighed eighty pounds, the rogues were discovered in

the shape of three giant mushrooms.

Thirdly. Bricks and stones are often displaced by the

growth of the roots of shade trees in streets. Cellar and
other walls are also frequently injured in a similar way.
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Fourthly. There is a common belief that the growing

roots of trees frequently rend asunder rocks, on which they

stand, by penetrating and expanding within their crevices.

Having never heard of any attempt to measure the expan-

sive force of a growing plant, we determined to experiment

in this direction.

At first, we thought of trying the expansive force of some

small, hard, green fruit, such as hickory nut or a pear, but

the expansion was so slow and the attachment of the fruit to

the tree so fragile, that this idea was abandoned. The
squash, growing on the ground, with great rapidity, and to

an enormous size, seemed on the whole the best fruit for the

experiment.

Accordingly, seeds of the mammoth yellow Chili having

been obtained from Mr. J. J. H. Gregory, of Marblehead,

they were planted on the first of July, in one of the propa-

gating pits of the Durfee Plant-house, where the tempera-

ture and moisture could be easily controlled. A rich bed of

compost from a spent hot-bed was prepared, which was four

feet wide, fifty feet long, and about six inches in depth.

Here, under the fostering care of Professor Maynard, the

seeds germinated, the vine grew vigorously, and the squash

lifted in a most satisfactory manner.

Never before has the development of a squash been ob-

served more critically or by a greater number of people.

Many thousands of men, women and children from all classes

of society, of various nationalities, and from all quarters of

the earth, visited it.

Mr. D. P. Penhallow watched with it several days and

nights, making hourly observations ; Professor H. W. Parker

was moved to write a poem about it ; and Professor J. H.

Seelye declared that he positively stood in awe of it.

Curious facts were noted in regard to all parts of the plant,

but among the most surprising were those relating to tae

development of the roots. Growing under the most favor-

able circumstances, they attained a number and an aggregate

length almost incredible. The primary root from the seed,

after penetrating the earth about four inches, terminated

abruptly and threw out adventitious branches in all direc-

tions. In order to obtain an accurate knowledge of their



1875.] SENATE—No. 99. 45

development, the entire bed occupied by them was saturated

with water, and after fifteen hours, numerous holes were

bored through the plank bottom, and the earth thus washed

away. After many hours of most patient labor, the entire

system of roots was cleaned and spread out on the floor of a

large room where they were carefully measured. The main

branches extended from twelve to fifteen feet, and their total

length, including all subdivisions, was more than two thou-

sand feet.

At every node or joint of the vine was also produced a

root. One of these nodal roots was washed out and found

to be four feet long and to have four hundred and eighty

branches, averaging with their branchlets a length of thirty

inches, making a total of more than twelve hundred feet.

As there were seventy nodal roots, there must have been

more than fifteen miles in length on the entire vine. There

were certainly more than eight}' thousand feet, and of these

fifty thousand feet must have been produced at the rate of

one thousand feet or more per day.

Now it has been said that corn may be heard to grow in a

still, warm night, and it has been proved that a root of corn

will elongate one inch in fifteen minutes. But here are twelve

thousand inches of increase in twenty-four hours. What
lively times in the soil where such vital force is at work !

The wonder is that we do not hear the building of these

roots as it goes on.

But in addition to the movements caused by the increase

of the roots among the particles of the soil, we should remem-

ber that solution, chemical affinity, diffusion and capillarity,

as well as the absorption of the feeding rootlets, are inces-

santly at work beneath the surface of the silent earth.

With what amazement should we behold the development

of a crop upon a fertile field, if we could but see with our

eyes the things which are known to" transpire !

The flowers of the squash are arranged in regular succes-

sion, one at each node. A female flower is usually succeeded

by four males, so that squashes would be produced at every

fifth node, if all should set, which, however, never happens.

The impregnation of the ovules within the ovary of the fe-

male flower requires the deposition of pollen grains from the
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Represents two nodes of the squash vine. A, is the petiole of a leaf showing vertical strias.

B, a staminate flower on a long peduncle. C, a branching tendril exhibiting the mode of
attachment to a support, and the double reversed spiral of the portion between the support
and the base of the tendril, by which all the branches of a tendril are made to bear their share
of the strain, if they secure an attachment; and by which also great elasticity is given to the
tendril, and the liability of rupture largely diminished. D, nodal roots. E, a pistillate flower
with a short peduncle. F, a lateral branch of the vine. G, a tendril which, having failed in

finding a support, has coiled upon itself and turned back towards the older portion of the vine.
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anther cells of the male flower upon the stigma of the former

under favorable circumstances. The stigmatic surface must

be in a proper condition to retain and develop the pollen,

which must also be in a perfect state. Bright, warm weather

will doubtless aid in the process, though much remains to be

observed in regard to it. The pollen grains of the squash are

large and rough, and of a spherical form, and consist of an

outer and an inner coating of membrane filled with a proto-

plasmic fluid. .In the outer coating is a minute orifice, through

which, when moistened by the saccharine secretion of the

stigma, the inner coating protrudes as a microscopic struct-

ureless tube which pushes its way into the tissues of the style

and ovary until it reaches the embryo sac of an ovule, which

may then become a perfect seed. This contract of the pollen

tubes with the ovules is essential to the setting of every

squash. The transfer of the pollen grains to the stigmas is

usually accomplished by insects, which fly from flower to

flower in pursuit of food. It may also be done artificially,

and there is reason to believe that the crop of squashes, mel-

ons and cucumbers might often be largely increased by atten-

tion to this matter in out-cloor cultivation. When grown

under glass, fertilization must always be effected by artificial

means. [See Fig. 15.]

The pistillate, or female flower, on the twenty-first node of

our growing vine, was carefully impregnated with pollen on

the first of August last. The young squash immediately

began to enlarge, and on the fifteenth of the same month,

measured twenty-two inches in circumference ; on the six-

teenth, twenty-four inches, and on the seventeenth, twenty-

seven. Though the rind of the young fruit was very soft, it

was now determined to confine it in such a way as to test its

expansive power. In doing this, great care was taken to

preserve the health and soundness of every part of the squash,

and to expose at least one-half of its surface to the air and

the light.

The apparatus for testing its growing force consisted of a

frame or bed of seven inch boards, one foot long. These,

were arranged in a radial manner like the spokes on the lower

half of a wheel, their inner edges being turned towards the

central axis. These pieces were held firmly in place by two
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end-boards twelve inches square, to the lower half of which

they were secured by nails and iron rods. A hemi-ellipsoidal

cavity, about five inches deep in the centre, and eight inches

long, was cut from the inner edges of the seven boards, and

in this the squash was carefully deposited, the stem and vine

being properly protected by blocks of wood from injury by

compression. Over the squash was placed a semi-cylindrical

harness or basket of strap iron, firmly rivetted together.

The meshes between the bands, which crossed each other at

right angles, were about an inch and a half square. The har-

ness was twelve inches long and the same in width, so that

when placed over the squash it just filled the space between

the end-boards. Upon the top of the harness, and parallel

with the axis of the cylinder and the squash, was fastened a

bar of iron with a knife-edge to serve as the fulcrum of a

lever for the support of the weights by which the expansive

force was to be measured. At first, an iron bar, one inch

square, was used for a lever ; then a larger bar of steel, then a

lever of chestnut plank, then one of seasoned white oak plank,

aud, finally, one of chestnut, five by six inches and nine feet

long ; but even this required to be strengthened by a plate of

iron, four inches wide by half an inch thick and five feet in

length. The fulcrum for the lever was also renewed from

time to time, as the wreight was increased. [See Fig. 1.]

The following table shows the weight of iron lifted by the

squash in the course of its development :

—

August 21st, 60 pounds. Sept. 14th, .* 1,300 pounds,

22d, 69 a 15th, . 1,400 it

23d, 91 tt 27th, . 1,700 it

24th, . 162 tt 30th, . 2,015 tt

25th, . 225 tt October 3d, . 2,115 tt

26th, . 277. (i 12th, . 2,500 tt

27th, . 356 tt 18th, . 3,120 tt

31st, . 500 tt 24th, . 4,120 tt

Sept. 11th, . 1,100 tt 31st, . 5,000 tt

13th, . 1,200 tt

The last weight was not clearly raised, though it was car-

ried ten days, on account of the failure of the harness irons,

which bent at the corners under the enormous pressure of two
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and a half tons, and consequently broke through the rind of

the squash. It was not feasible to remove the harness and

substitute for it a stouter one, on account of its being imbed-

ded in the substance of the squash, which grew up through

the meshes of the harness, forming protuberances an inch and

a half high and overlying the iron bands. When, on the

seventh of November, the harness was removed, in order to

take a plaster-cast of the squash, it was necessary to cut the

straps with a cold-chisel, sometimes into several pieces, and

draw them out endways. The growing squash adapted itself

to whatever space it could find as readily as if it had been a

mass of caoutchouc, nor did it ever show the slightest ten-

dency to crack, except in the epidermis. This would often

open in minute seams, from which a turbid mucilaginous fluid

exuded. In the morning, drops of this would frequently be-

dew the protuberances, like drops of perspiration. In the

sunshine, these dried up, and fell oif as minute globules,

resembling gum-arabic.

The lifting power was greatest after midnight, when the

growth of the vine and exhalation from the leaves was

least.

The material out of which the squash was formed, was

elaborated in the leaves during the daytime and transferred

through the vine to the stem. Through this it was imbibed

by the living, growing cells of the squash, which were con-

stantly multiplying by subdivision until their number was

many billions, notwithstanding the enormous pressure under

which they were forced to develop. This growth was pos-

sible only because life, being a molecular force, exerted its

almost irresistible power over an enormous surface of cell

membrane.

Scarcely less astonishing than the mechanical force ex-

hibited, was the ability of the tissues of the squash to resist

chemical changes and the attacks of mold where the rind was

injured by bruises or cuts. Whenever fresh-growing cells were

exposed to the action of the air, they immediately began to

form a regular periderm of cork, precisely resembling in

appearance and structure that produced upon the cork oak,

the elm and other trees.

The form of the squash can hardly be described, but may
7 .
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be seen in the drawings, which show the end and the upper

side. The weight was

forty-seven pounds and

a quarter, and, when

opened, the rind was

found to be about three

inches thick, and un-

usually hard and com-

pact. The internal

cavity corresponded in

form to the exterior,

but was very small,

and nearly filled with

fibrous tissue, and

plump and apparently

perfect seeds in about

the normal number. Fig. 16.

[See Figs. 16, 17.]

The frequent displacement of flagging-stones, and the

damage often done to brick and concrete pavements and

stone walls by the roots

of shade trees, consid-

ered in connection with

the wonderful expan-

sive power of the squash

in harness, made it evi-

dent that growing roots

of firm wood must be

capable of exerting,

under suitable condi-

tions, a tremendous

mechanical force. Up-
on searching the fields

for examples of trees

standing upon naked

rocks or ridges cov-

ered with only a shal-

low soil, many interest-

ing specimens were readily discovered to demonstrate this

fact.

Fig. 17.
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In South Hadley, Massachusetts, a sugar maple was found

which had grown upon a horizontal bed of red sandstone.

The tree stood upon the naked rock, over which its roots

extended a few feet in three directions into the soil. One root

had pushed its way under a slab of the rock, which measured

more than twenty-four cubic feet, and must have weighed

nearly two tons. In the course of twenty years or more,

this root had developed to such a size as to raise the slab

Fig. 18.

entirely from the bed rock and from the earth, so that it rested

wholly upon the wood.

Upon examining the tree, it was evident that as it stood

upon horizontal roots which rested on solid rock and had a

diameter of nearly a foot, and as they had grown by an
annual deposition of wood entirely around them, and as the

heart, now several inches from the rock, must once have
rested on it, and as the rock could not have been depressed,

therefore the tree had been lifted every year by the growing
wood of the outside layer. Another tree of paper birch
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having been found growing in a similar manner, one of the

horizontal roots was sawed through, and the centre of the

heart was seen to have been elevated seven inches since the

tree was a seedling.

Now it is clearly demonstated that the power of vegetable

growth can lift a tree, and that it must do so whenever the

bed of the roots cannot be depressed, It is evident, also,

that old trees on a clay hardpan, or any other unyielding

subsoil, must be thrown up* by the process of growth. Every

person is familiar with the fact that large trees usually have the

appearance of having been raised, and their roots are often bare

for considerable distances around the trunk. [See Fig. 18.]

This lifting of the tree from its bed would seem to be

advantageous to it, by tightening the roots so as to hold it

firmly in place, notwithstanding the possible elongation of

their woody fibre by the excessive strains to which they

are subjected during violent storms. This method of secur-

ing the tree in place would be still further improved by the

constant enlargement of the roots by the annual deposition of

a layer of wood, and the consequent filling of any space

formed in the soil by the movement of the roots, caused by

the swaying of the tree in the wind.

This slight annual elevation of trees, by the increase in

diameter of their horizontal roots, furnishes an explanation

for the differences of opinion in regard to the question,

whether a given point on the trunk of a tree is raised

in the process of its growth. While it has been demon-

strated by Prof. Asa Gray that two points in a vertical line

on the trunk of a tree will not separate as it enlarges, it

seems equally clear that both of them may be quite percept-

ibly elevated in the course of time.

It has been stated, on good authority, that at Walton Hall,

in England, a millstone was to be seen, in 1863, in the

centre of which was growing a filbert tree, which had com-

pletely filled the hole in the stone, and actually raised it from

the ground. The tree was said to have been produced from

a nut which was known to have germinated in 1812. The

above story has been declared false, because, as asserted,

the tree could not have exerted any lifting power upon the

stone. It is, however, not difficult to see that it may be

true, and is even probable.
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Yet it should be remembered that the amount of ele-

vation, in any case where it occurs from the increase in the

size of the horizontal roots, must depend upon the character

of the material on which they rest, and can never exceed one-

half the diameter of the largest ones. When, therefore, a

writer asserts, as has recently happened, that during a visit

to Washington Irving, at Sunnyside, he carved his name

upon the bark of a tree beneath which he was sitting in con-

versation with the illustrious author, and that many years

after he went to the place, and, with much difficulty, dis-

covered the identical inscription high up among the branches,

far above his reach, it may be safely inferred that the number
and exaltation of his feelings interfered slightly with the

correct action of his intellectual faculties.

It is evident, in conclusion, that we have much yet to learn

about plant life, and that it is very unwise to attempt to

explain all its phenomena by a few general statements.

Life has been well styled the loftiest subject of philosophy,

but let us not forget that the only way to a sound philosophy

is through a knowledge of the truth, and that this is to be

obtained in completeness only by laborious and intelligent

investigation.

Let not the slowness nor the difficulty of progress in real

knowledge discourage us, however, but rather awaken in us

a higher reverence for Him who has created the wondrous

frame of Nature, and set it before us as a means of calling

out our highest faculties, and of leading us

" Through Nature, up to Nature's God."

Let the impatient student recollect that all the problems of

science will not be solved till the end of time, since genera-

tions yet unborn will need, as they will certainly have,

abundant material for the exercise of their minds, and the

awakening of their desires to comprehend the mysteries of

creation. But the more difficult the achievement, the more

glorious and joyous is the accomplishment.

"Let us, then, be up and doing,

With a heart for any fate,

Still achieving, still pursuing,

Learn to labor and to wait."
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AGRICULTURAL EXPERIMENTS.

• During the past year, the duties which have been required

of students in this department of the College have been

faithfully and promptly discharged. The young men have

apparently taken a deeper interest in tlie exercises of the

classroom than in former years, to whi^h result the Grinnell

prizes for the best oral and written examination on gradua-

tion day have unmistakably contributed much. As usual,

the students have participated in all the practical operations

of the farm, taking an active part in its ordinary cultivation,

and performing nearly all the labor in improving the slope

between the Plant-house and brook, by underdraining. With

much interest and zeal, they have aided in making the

materials and in carrying on the experiments with fertilizers,

noting accurately the condition of the crops during their

growth, and recording the final results. Although I feel

confident that this department is in a good degree accomplish-

ing the objects for which it was instituted, yet I believe its

popularity and usefulness would be greatly enhanced if its

wants, as detailed by me in the Tenth Annual Report,

could be supplied.

The " experiments upon feeding crops with special fertiliz-

ers in a purely chemical form," to which you allude in your

last annual report to the Trustees, have been continued

during the past summer, and with results which apparently

indicate the possibility that there is a better method of pro-

ducing crops than any which is now generally pursued. For

many years the felt want of intelligent Massachusetts farmers

has been " more manure," and at prices which would justify

its purchase. In our State, the market demand for farm-

crops, in such form that but a small part of them could be
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retained and changed to yard-manure, has been gradually

lessening the home accumulations of this material ; and its

sale-value in our towns and cities has precluded the profit of

its purchase for ordinary crops. To supply this deficiency,

recourse has been had to manufactured commercial fertilizers ;

but whether there is good reason for it or not, there is a

general distrust of their reliability and efficiency, which has

prevented their purchase to such an extent as is desirable.

Frequent demands have been made that experiments should

be tried here with these compounds, on an extensive scale, to

determine what kinds were the most valuable, and what they

were worth, that the farming community might have some

guide in their purchases, and be protected from imposition.

For the double purpose of quieting this popular demand,

and of accustoming students to observe nature for the acqui-

sition of facts, such experiments have been tried every year,

since 1867,—both with fertilizers bought in the market and

those which have been sent here for the purpose by manufact-

urers. But the idea has never for a moment been enter-

tained that such experiments could determine any fundamen-

tal principles in feeding plants, or be of the least practical

use as a guide to farm improvement or profit. Therefore,

while a record has been kept of results, no public report of

the same has been made. To learn and prove the absolute

law of nature in this regard, the wiser course seemed to be

to discard all mixtures and compounds made by others, and

test the feeding choice of plants by the use of known elements

prepared in the laboratory, but which, if they should be found

valuable, could be purchased by farmers in any desired quan-

tity.

Messrs. Lawes and Gilbert, at Eothamsted, England, had

proved incontestably that plants could be grown by the use

of certain substances, known as chemical elements ; in fact,

that those elements, uncombined, were more efficacious than

when used in the form of yard-manure ; yet the result of trial

led them to believe that the most effective elements in increas-

ing the product of certain species of plants were not those

found in maximum quantities in their structure, and that

there was no specific relation between
g

the quantity of the

elements applied and the yield of the crop.



58 AGRICULTURAL COLLEGE. [Mar.

M. George Ville, at Vincennes, France, had succeeded in

producing line crops, without yard-manure, by using the

elements of which all plants are composed, and, as the crop

on the same land was changed, applying as a manure the

substance which was the predominating element of the new
plant.

These experimenters, in selecting the substances to be used,

relied to a great extent on the supposed fact that some
elements existed in the soil in great abundance, while others

were deficient, and strove to find by trial what was wanting,

that the same might be supplied. For our purpose, and

considering the condition of a large part of our Massachu-

setts soils, a more rational and philosophical method seemed

to be to discard all conditions of soil, except such as were

purely physical, and direct attention exclusively to the plant,

its composition and choice of food. It was believed that for

all practical purposes we had absolute knowledge of the

composition of plants, of the relative proportions of the

different elements which they choose, and the form or condi-

tion in which the elements of plant food must exist to enable

its vital forces to appropriate them. At the same time, the

possibility remained that the average of our soils might con-

tain some of the elements in such abundance, or that the

forces of nature might develop them with such rapidity that

the farmer might be relieved from the expense of supplying

them as direct food. This was thought to be an economical

matter of much importance, the fact in relation to which

might materially simplify the application of the principle,

and was therefore the first to be learned.

Accordingly, in the spring of 1869, soils were taken from

various localities on the College farm, and from several

adjoining farms, for experiment. Care was taken to avoid

all soils which were very fertile, or in a high state of cultiva-

tion, and to select those of poor quality, or nearly sterile.

The soils were placed in pots in the Plant-house, and in them

were placed the seeds of our various agricultural plants. As

these commenced to grow, they were fed from time to time

with the chemical elements which they were known to contain,

and in an absolutely soluble condition. The e'ements were

occasionally varied and sometimes compounded in such pro-
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portions as they had been found to exhibit in the several

varieties. The experiments were continued under these con-

ditions, during the years 1869 and 1870; but in 1871, the

soils were placed in large boxes in the open air, and the same

method was pursued through that and the following year of

1872.

The first fact which appeared to be unmistakably taught by

these experiments, was that for the plants and soils used,

and for one, two, three or four crops of the same plant on

the same soil, the only substances the farmer must supply were

nitrogen, potash and phosphoric acid; and second, that there

was a marked relation between the quantity of the crop pro-

duced and of the elements applied, if these elements were

mixed in such proportion as they exhibit in the entire

plant which was being fed. Accepting these two facts pro-

visionally as a natural law, I commenced experimenting in

the open field, in 1873, on soils in a reduced state Of fertility,

or quite sterile, which experiments have been continued

through the season of 1874. These trials have been made on

the College farm, on the farms adjoining, and in the adjacent

towns of Hadley and Sunderland. Soils of various charac-

teristics and conditions have been used, and in plots of

twenty, forty, eighty, and one hundred and sixty square rods.

The crops fed have been wheat, rye, corn, oats, potatoes,

grass and tobacco.

Dr. C. A. Goessmann, professor of chemistry in the

College, and State inspector of fertilizers, has cheerfully

cooperated and rendered invaluable aid in the experiments by

testing the substances used for feeding purposes, so that I have

known with certainty what elements were used-, and what

their condition of solubility. In all cases, before applying

the food or planting the crop, a written statement was pre-

pared of the kind and quantity of the elements to be used,

and the estimated yield of the crop, and in no single case has

there been a failure of anticipated results which could not be

traced with perfect certainty to other causes than the food

applied. Causes such as the winter killing of wheat, an

under-estimate of the natural proportion of straw to grain,

and the per cent, of potash in one of its salts.

In different experiments, fifty, sixty-five, eighty-five, and
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one hundred and four bushels of Indian corn have been pro-

duced per acre, two hundred and twenty-five bushels of

potatoes, thirty of rye, sixty of oats, and nineteen hundred

and fifty pounds of tobacco leaf; or, twenty-five, fifty and

eighty bushels of corn, twenty of rye, one hundred and fifty

of potatoes, and fifteen hundred pounds of tobacco leaf per

acre more than the natural yield of the soil ; which yield has

in all cases been determined by planting an equal plot of each

crop, the plants on which received no artificial food. It has

been an observed fact in the results that the plants thus

artificially fed are measurably independent of the ordinary

variations of the seasons and meteorological conditions of the

atmosphere. The results of the open field experiments of

1873 and 1874 are almost identical. But the two seasons

have been very unlike, and there has been an equal variation

in the general crop returns of the State. June, July and

August of 1873 (the three active months for the growth of

our crops) were extremely dry, the rainfall being but 7.987

inches. These three months in 1874 were the reverse, the

rainfall being 19.340 inches, or an excess of 11.353 inches

in the latter year. The two years were nearly equally unlike

in the average temperature of those months, that of 1873

being 68.596°, and that of 1874, 66.306°, the former being

two degrees warmer than the latter. There was nearly or

quite as much variation in the humidity of the air, pressure

of vapor, and mean height of the barometer.

At this early period in these investigations, I will not

venture an opinion of what may be the final result to' soils

cropped for many successive years by this process. It may

possibly be found necessary to use other elements besides

those already named, to secure maximum crops. But the

crops of the second year on the plots which were artificially

manured and which had no manure the second year, have

invariably yielded double the amount of the yield of the

unmanured plots, and very nearly as much as land by their

side which had a heavy dressing of yard-manure the previous

year; but the clover on the latter is looking better at the

present time than on the artificially manured plots.

There are good scientific reasons for believing, that if all

the elements supplied are consumed by the crop it is intended
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to feed, yet for a limited period, at least, the soil will be im-

proved and left with an increased percentage of plant food as

the result of the process. This fact is indicated by the result,

but it needs substantiating by long-continued trial. In these

experiments, quantities of food and crops have been based

exclusively on the per cent, of nitrogen, potash and phos-

phoric acid ; but these elements have been used in the form of

sulphates of ammonia and potash, and superphosphate man-

ufactured in the laboratory from bone charcoal and sulphuric

acid. As an absolute fact, therefore, the mixture contains

other mineral elements than the two named ; but as the search

is primarily after practical facts, and as it is difficult for the

farmer to obtain the leading elements in a more convenient

form, it has not been deemed best to exclude them, or to make

critical inquiry respecting their influence.

If my future experiments in the direction now being pur-

sued shall coincide with those already made to such an extent

as to justify the adoption of the method in general farm oper-

ations, it will result in materially decreasing the cost of pro-

ducing crops on our depleted soils ; enable the farmer to sow

any crop, or any amount of crops, regardless of the soil \

make him at the same time (if he so choose) independent of

all manufacturers, of what are now known as commercial fer-

tilizers, for he can purchase the elements in any market and

himself make the mechanical mixture,—the only safeguard

needed being the guarantee of the importer or the manufact-

urer that the substances are in fact and form what they

are represented. But it is yet too early to draw conclusions,

as to what is to be the final result of these experiments. The

indications are very clear and decided at this point of the

investigation ; but it is necessary that they should be extended

and continued, and many side-issues examined, before a com-

plete and final report shall be made.

The great controversy of 1850 and 1855, between Dr.

Liebig, M. Bousingault, Lawes and Gilbert, and Mr. Way,
respecting the relative value of certain chemical elements in

promoting the growth of plants, though of the utmost scien-

tific importance, was, and could be, of little practical value,

because at that day the elements were not found in market in

sufficient quantities, or at prices which would justify their use
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as fertilizers in the ordinary production of crops. But since

the discovery of the practically exhaustless beds of phosphatic

nodules in South Carolina, the potash deposits of Germany,

the extensive manufacture of sulphate of ammonia as a waste

product in the distillation of coal for illuminating gas, and the

opportunity to increase its manufacture almost indefinitely,

the needed elements can be obtained in any required quantity,

in a cheaper and more efficient form than in that of yard-

manure ; provided, the government will adjust its tariff rates

in the interest of agriculture on those articles needed in the

production of plants.

In the experiments alluded to, these elements have been

the ones used, and regard has been had to their content in the

whole plant, for the composition of stalks, straw and grain,

and tops and tubers are very dissimilar. For the production

of twenty-five bushels of Indian corn and its average natural

proportion of stalks, there have been used thirty-five pounds

of nitrogen, thirty-seven pounds of potash and fifteen pounds

of phosphoric acid. To produce one hundred bushels of

potatoes, and their average natural proportion of tops, use has

been made of twenty-five pounds of nitrogen, thirty-nine

pounds of potash and twelve pounds of phosphoric acid.

These quantities are given as examples of the detail of the

experiments ; but the elements are estimated in a pure and

absolutely soluble condition. To obtain them, it is necessary

to take some one of their compounds, and use it in such quan-

tities as is required to get the requisite amount of the element.

As an illustration, take the quantities of the elements used in

the corn example. If the nitrogen is bought in the form of

sulphate of ammonia, which is guaranteed to contain twenty

per cent of actual nitrogen, as many hundred pounds of the

compound will be required as twenty times is contained in

thirty-five, the amount of nitrogen required. The potash

being procured in the form of sulphate of potash, guaranteed

to contain thirty per cent of actual potash, as many hundred

pounds of the compound will be required as thirty is con-

tained times in thirty-seven, the quantity of potash required.

By the same method, the requisite quantity of phosphoric

acid is obtained in the form of a superphosphate, simple and
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without a mixture of any other element, and estimated on

its known per cent of soluble acid.

In closing this Report, I desire to reiterate my statement

previously made, that I am recording the actual results of

these experiments in the past, and will not venture a predic-

tion for the future, for there are some important crops with

which no experiments have been made, and others require

continued trial, but I here give in detail the result of one

case, which may, it is hoped, be an indication of future

possibilities.

In 1874, a measured acre of land was taken on a farm near

the College, of cold, inert soil, and so nearly sterile that it

produced no plants but coarse weeds. The last attempts to

crop it were in 1869 and 1871. The crops were first corn

and then potatoes, neither of which were produced in quan-

tity sufficient to pay for harvesting, and the potatoes were

not harvested. I caused the land to be as thoroughly fitted

by plowing and cultivating as the inert, cloddy nature of the

soil would permit. The chemicals were applied and har-

rowed in, and it was planted to corn on the 29th of May, the

rows running north and south, four feet apart, and hills

three feet eight inches. The land was most persistently and

thoroughly cultivated and hoed during the season to improve,

if possible, the natural physical condition of the land, and

overcome the injurious effects of cold, rainy weather. Not-

withstanding the unfavorableness of the season, the crop grew

finely, constantly presented a dark green, healthy, vigorous

appearance, and continued so until late in the season. The
crop ripened beautifully, was sound and fine, and yielded by

weight 62 bushels of corn and 4,300 pounds of stalks.
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COMMERCIAL FERTILIZERS.

In the report for 1873, I discussed the peculiar position

which commercial concentrated fertilizers occupy in a

rational system of cultivating farm lands, and urged their

judicious application in connection with barn-yard manure.

To protect the interests of farmers and honest dealers, a law

for the regulation of the trade in fertilizers has since been

passed by the legislature, which requires a statement to

accompany all packages of commercial fertilizers, which gives

the guaranteed percentage of phosphoric acid, potassium

oxide and nitrogen contained in them. Having acted as

State Inspector of Fertilizers during the past two years, I

propose now to present an abstract of my official reports to

the State Board of Agriculture.*

The first of these reports consists mainly of statements

regarding the present conditions of the resources of some of

the most prominent substances which serve either directly as

special manure, or enter into the manufacture of our com-

mercial fertilizers. In the second report, I tried to deter-

mine, by a series of analyses of specimens collected from

dealers, the present condition of the trade in these articles,

and to describe more in detail the kind of fertilizers farmers

ought to buy. I have earnestly endeavored, on all occasions,

to promote a desirable understanding between dealers and

farmers, in regard to their mutual interests.

German Potash Salts.

The main bulk of these substances thus far imported has

been of the lower grades. Their percentage of potassium

oxide, in our section of the country, has rarely exceeded from

* See "Agriculture of Massachusetts," by Hon. C. L. Flint, for 1873 and 1874.
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eight to nine per cent. ; in some exceptional cases only, it was

noticed as high as from eighteen to nineteen per cent. It is

a matter of particular regret that our importers have been

apparently guided in their selection entirely by the question of

first cost. Engaged as we are with a first trial of these

salts upon our lands, it is quite obvious, that articles of a

reliable and definite character should be at first applied in

order to ascertain as soon as possible their true merits.

The higher grades of these fertilizers being the result of a

more careful process of manufacture, which aims at the

exclusion of admixtures of an objectionable character, as

chlorides of sodium and magnesium, are the safer articles

;

they are also as a general rule the cheapest potash compounds,

on account of reduced expenses for freight.

Past experience in other countries has demonstrated

clearly that the form in which the potassium is present,

whether as potassium chloride or as potassium sulphate, as

well as the peculiar nature of the compounds, which usually

accompany the potassium in its original state, modify to a

considerable extent their action on various crops and upon

different kinds of soil. Whether potash fertilizers are useful

for agricultural purposes, has never seriously been questioned,

since we have learned by careful investigation that potassium

is one of the essential or indispensable articles of plant food.

The main point which our farmers have to consider, when
contemplating the use of the German potash salts, lies in the

question, what particular kind would be most efficient in each

case. As none of our former potash fertilizers, like wood-

ash, nitre, etc., can be properly compared, as far as composi-

tion and their peculiar mode of action is concerned, with the

German or Stassfurt potash salts, it seems but prudent to

turn the experience of others to account.

Leading agriculturists of Europe indorse unanimously the

sulphate of potassium as being the safest compound, without

regard to the kind of crop, particularly as far as the quality

of some industrial crops, as tobacco, sugar-beets, etc., are

concerned. Upon wet lands alone is its application consid-

ered unprofitable, and the chloride of potassium proposed as

the more suitable article. The latter is also highly recom-

mended for all kinds of forage crops and grain crops. To



6$ AGRICULTURAL COLLEGE. [Mar.

apply it in connection with some soluble phosphate insures in

the latter case a good result.

The commercial muriate of potash, which contains usually

eighty per cent, of chloride of potassium (fifty per cent, of

potassium oxide), on account of its low price as compared

with the more concentrated sulphates of potassa, is one of

the most economical potash fertilizers which farmers may
safely use in an ordinary mixed system of general farming.

In the case of tobacco and other industrial crops, none but

the higher grades of salts containing sulphate of potassa

should be used. Both kinds ought always to be mixed with

three or four times their volume of earth before being applied.

Peruvian Guano.

The sources of this valuable fertilizer, judging from a

recent publication of P. Galvez (the Peruvian Ambassador in

London, 1872-1873) are more numerous than usually repre-

sented. From forty to forty-five different localities are men-

tioned as being capable of supplying still, for many years, the

market at the present rate of demand. The prospects

respecting the quality of our future supply seem to be less

satisfactory. The well-known difference in the composition

of the Peruvian guano from the Chincha Islands, of an earlier

period, and our present supply from the Guanape Islands,

demonstrates plainly the possibility of serious variations in

the commercial and agricultural value of the material from

different deposits. The comparatively limited extent of

many of the still existing guano deposits, designed for expor-

tation, cannot but tend to increase our risks. A number of

lately published analyses by Prof. Voelcker, of genuine

samples from Ananillos, Punta de Lobos and Pabellon de

Pica, confirm this opinion. The guanos from these three

localities varied in a remarkable degree, not only as far as

the different deposits are concerned, but also as to the differ-

ent layers of one and the same deposit. The various sam-

ples were, of course, quite valuable fertilizers, yet their agri-

cultural value differed so widely, that their commercial value

ought to be regulated by their composition.

The reputation of a good Peruvian guano as a valuable

special fertilizer is so well established, that farther indorse-
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mcnts seem to be unnecessary ; yet it is well to bear in mind

that this result is greatly due to its former uniform and

good quality. The variations in the composition of the Peru-

vian guano have attracted of late more attention. They have

been rendered also more conspicuous in those countries where

the trade in fertilizers has been subjected to an intelligent

supervision by agricultural chemists.

In speaking of serious variation being noticed in the com-

position of Peruvian guano, I do not refer merely to fraudu-

lent adulterations practised on a genuine article, but in par-

ticular to genuine but inferior ones. The one-price system

of the Peruvian government becomes, under these circum-

stances, quite objectionable, and it is but proper on the part

of its numerous customers to ask the adoption of a more

satisfactory manner of selling guano. Nothing short of

selling it by standard analysis, with a guarantee of the com-

mercial value represented in the former, ought to satisfy the

farmers. The difficulty rests at present, as far as I am
informed, rather with the Peruvian government, than with

their agents. The European contractors of that government

do not hesitate to acknowledge that the attitude assumed by

the Peruvian government towards its customers is anything

but mutually satisfactory. They have yielded to the just

demands of the public, and have recently introduced a process

which enables them to prepare a uniform article from the raw

imported guano.

The process, which is patented by Messrs. Ohlendorff &
Co., consists in treating the crude guano with concentrated

sulphuric acid. In consequence of this treatment, most of

the phosphoric acid is rendered soluble, and the ammonia
changed into sulphate of ammonia, and thereby protected

against evaporation. The product is known by the name of

"dissolved guano," and it is sold with a guarantee of the

specified percentage of soluble phosphoric acid and active

ammonia.

To obtain some more definite idea about the general chem-

ical and physical properties of "dissolved Peruvian guano,"

I secured a sample for examination from Messrs. Ohlendorff

& Co., of Hamburg, Germany, during the last year. An
analysis of that sample showed that it contained from eight
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to nine per cent of phosphoric acid, soluble in water, eight

per cent of active ammonia, and two per cent of potassium

oxide. Its mechanical condition was excellent, and it formed

a brown, pulverent mass, fit for immediate application. The

analytical results proved that the•" dissolved Peruvian guano "

may claim a foremost position among our commercial, nitrog-

enous, phosphatic fertilizers. An addition of from ten to

fifteen per cent of sulphate of potassa, in the form of the

higher grades of German potash salts, cannot fail to increase

its efficiency as a valuable fertilizer in market-gardening, and

in all cases where a speedy action is of particular importance.

It can be used in a liquid form, as a solution in water.

Animal Dust.

This fertilizer is prepared from the blood, the meat scraps

and part of the bones obtained in slaughter-houses. The

manufacture has engaged of late considerable attention, on

account of the introduction of large abattoirs near our com-

mercial centres along the Atlantic coast. Meat scraps and

bones are first subjected to a rendering process, to secure the

fat ; the refuse mass obtained thereby is subsequently dried

by steam in Hagel's drier, and ground. The blood is either

added to the rendered mass before drying, or it is dried by

itself, and subsequently mixed in after having been pulver-

ized. The mixture when finished for sale consists of a coarse

powder, of a reddish gray color, and has a peculiar, yet not

very offensive, odor. The abstraction of the fat from the meat

and the bones before they are worked into fertilizers is not

only good economy, but it tends to hasten their disintegra-

tion and subsequent solution in water under the influence of

carbonic acid.

Bones differ mainly in regard to the relative proportion of

cartilage (a nitrogenous matter) and of neutral phosphate of

lime. The harder bones are usually separated for the manu-

facture of buttons and of bone-black ; the smaller and softer

bones are turned into fertilizers. After having passed

through the rendering process, they count in the manufacture

of this fertilizer mainly as the source of phosphoric acid, for

their nitrogenous constituent has been dissolved and subse-

quently lost in the extraction of the fat.
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It matters very little which of our domesticated animals

furnish the meat scraps,— cattle, sheep or hogs. The fresh

meat of these animals contains from 72 per cent to 79.3 per

cent of water, and, on an average, 3.35 per cent of nitrogen ;

whilst dry meat consists of from 14.30 to 15.72 per cent of

nitrogen, provided, in the latter case, that the fat has been

previously separated. The blood of these animals amounts

to about one-tenth of their entire weight, and is in all of them

of a similar composition. Fresh blood contains on an average

seventy-eight parts of water and twenty-two parts of dry

substance. Its average percentage of nitrogen amounts to

3.7 per cent. Dry blood contains 16.8 per cent of nitrogen.

The main task for all manufacturers of fertilizers, from

butchers' refuse, as previously described, consists in the pro-

duction of a uniform article, as far as its chemical composi-

tion and mechanical condition is concerned. Manufacturers

of fertilizers ought to bear in mind, that the articles they

offer for sale have not only a certain commercial, but also a

peculiar agricultural, value ; and that the latter is independent

of the former, for the two are determined by a quite different

standard. The agricultural value depends on its crop-pro-

ducing quality, and is determined by the judicious application

by the farmer. A shovelful of lime may do more good, under

certain circumstances, than several times its weight of the

more costly dried blood. The commercial value depends

here, as elsewhere, on the relation of demand and supply in

the general market, and is controlled by competition.- The

commercial value of a fertilizer is not necessarily altered by

a change in the relative proportion of its constituents ; its

agricultural value always is ; for each of its constituents, as

potassa, phosphoric acid, nitrogeu, etc., has a function of its

own. They are, it is true, equally indispensable for plant

growth, yet they cannot substitute each other. The most

important information the farmer needs, to secure to himself

the full agricultural value of any commercial fertilizer offered

for sale, consists in knowing the exact kind, the amount, and

the chemical and physical condition of the essential articles of

plant food it contains. Without this information, a rational

system of manuring becomes impossible. Commercial fertil-

izers are too expensive to be used without a careful con-
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sideration whether they will bring speedy returns or not.

The surest way to establish a reputation for a well-prepared

fertilizer, which contains one or more of the essential articles

of plant food, next to a reasonable price, is to furnish it of a

uniform composition. Reliable standard fertilizers are needed

in the interests of a rational system of manuring and of a good

economy.

Meat scraps, blood and bones ought to be mixed, therefore,

with a view of definite proportions ; and the fertilizer should

be dried by a moderate heat, so as to contain not more than

ten per cent, of moisture. The first precaution secures uni-

form composition, and thus a definite agricultural value; the

latter tends to keep the animal matter in an unimpaired state

of preservation while it is kept in store. Animal dust may
serve, like fish guano, as a substitute for Peruvian guano,

provided its content of nitrogen does not fall below six per

cent. It acts, however, slower than Peruvian guano, and

ought to be carefully composted for several months before it

is applied. To use it in connection with potash compounds,

increases, no doubt, in many cases, its efficiency.

Mineral Phosphates.

Many new deposits of mineral phosphates have been of late

brought to our knowledge. Some of them are very extensive,

and promise to furnish an ample supply of phosphoric acid

for agricultural purposes for future years. Most noteworthy

among them are those of Central Russia, Western Germany,

Southern France, Canada and South Carolina. Our home

supply, previous to the discovery of the two latter localities,

has been for many years obtained from the Jarvis, Sombrero,

Baker and Navassa Islands. The latter island, in common

with the Charleston, S. C, deposit, furnish at present our

main supply. Both kinds are principally used for the manu-

facture of superphosphates. The South Carolina phosphate

occurs largely along the sea-shore and beneath the shallow

water of rivers in the vicinity of Charleston. The Ashley

and Cooper rivers are noted for their rich phosphates. The

deposits are very extensive. The State charges a tax of one

dollar on every ton of phosphates taken from the river beds.

The composition of the material from different localities has
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been found to vary from 20 per cent to GO per cent of bone

phosphate, or from 9 per cent to 27 per cent of insoluble

phosphoric acid. Samples containing from 24.5 per cent to

2$.ti per cent of phosphoric acid (or from 54 per cent to 56

per cent of bone phosphate), from 5 per cent to 10 percent

of carbonate of lime, several per cent of oxide of iron, besides

some clay and sand, have been sold at eight dollars and a half

for 2,240 pounds. The same material has been offered at

New York at from eleven and a half to twelve dollars per

ton. The expenses for grinding are usually from one and a

half to two dollars per ton.

The Navassa phosphate, which has been sold in our markets

since 1856, occurs in large quantities upon Navassa, a small

coral island about thirty-three miles south-west of Hayti.

The sample which served for my analysis consisted partly of

pieces several inches long and wide, and partly of granular

masses of various sizes and of different degrees of hardness.

Both kinds varied in color from white to reddish brown.

Numerous analyses show its percentage of phosphoric acid to

be from 32 per cent to 36 per cent, or from 70 per cent to

78 per cent of bone phosphate. I obtained the following

results :

—

Loss by calcination, . . . . . .9.60
Sand and clay, . . . . . . .2.70
Phosphoric acid, ....... 34.09

Lime, . 37.67

Sesquioxide of iron and alumina, . . . .12.99

This article in a finely-ground state sells at Baltimore for

seventeen and a half dollars per 2,240 pounds, and at New
York for eighteen dollars. The low price of these mineral

phosphates (about two and a half cents per pound of phos-

phoric acid) deserves the attention of farmers who aim at an

enriching of the soil. These phosphates act, of course,

slowly, under ordinary circumstances ; yet, more recent ex-

perience confirms the opinion that they pay well, if applied

in a finely-ground, form, and with a due consideration of the

causes which favor their solubility. As carbonic acid aids

powerfully in the disintegration and final solution of all bone
10
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phosphates, it is but reasonable to assume that satisfactory

results may be obtained by incorporating daily a certain

amount of finely-ground phosphate from South Carolina,

Sombrero, or Navassa, etc., in barn-yard manure; or by
composting it with horse-manure during the summer season

for autumn demand ; or applying it in the fall upon soil rich

in humus, or upon moist meadows and pasture lands. In a

favorable mechanical condition they are apparently in no less

suitable form for assimilation than a large portion of the

phosphates in a cultivated soil. The low price enables the

farmer to stock his exhausted lands again with an essential

article of plant food. We are too much given to the habit of

judging the agricultural and commercial value of a fertilizer

by the crop which we chance to get the first year, and leave

thus out of consideration that the real value of any fertilizer

depends frequently, to a large degree, on the condition in

which the lands are left after the crop has been removed.

A rational system of farming always aims at improving the

land under cultivation by a judicious system of rotation and

of manuring. Merely restoring to the soil what the last crop

has carried off, may work satisfactorily in the case of land in

a high state of cultivation, yet it can never secure the highest

results possible in such exhausted lands as constitute the

greater portion of our farms.

Superphosphates and Ammoniated Superphosphates.

This class of compounds represents the largest portion of

our American commercial fertilizers. The phosphoric acid

which they contain is, as a general rule, obtained either from

raw or boiled bones, from the waste of bone-black, or from

two or three mineral phosphates. It is stated by good

authority that nearly four-fifths of all our superphosphates

are made from the South Carolina and Navassa Island phos-

phates. The use of these phosphates for the manufacture of

superphosphates, as far as the amount of sulphuric acid

required is concerned, is somewhat expensive, from the fact

that they frequently also contain from ten to fifteen per cent

of sesquioxide of iron and alumina, besides from two to five,

and more, per cent of carbonate of lime. To secure in cases

like these the entire amount of phosphoric acid in a soluble
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form, requires, therefore, a larger quantity of sulphuric acid

than the decomposition of the bone phosphate alone would

consume, which increases the cost of the phosphoric acid

produced. Some otherwise very valuable mineral phosphates,

as, for instance, Sombrero guano, have proved, for this

reason, unprofitable for the manufacture of superphosphates.

Another very serious difficulty in the application of some

mineral phosphates, arises from the fact that it often becomes

impracticable to use an amount of sulphuric acid sufficient to

convert all the oxides of iron and alumina and carbonate of

lime present into sulphates, and also the entire amount of

bone phosphate into soluble phosphoric acid ; i.e., monocalcic

phosphate. Unfavorable physical and chemical conditions,

such as coarseness of the material, etc., interfere, in many
instances, with a speedy reaction of the sulphuric acid, which

tends to leave, for some time at least, a part of the latter in

an uncombined state. Superphosphates, rich in sulphates of

alumina and iron, are hygroscopic, and, consequently, trouble-

some to handle. An addition of a small quantity of hydro-

chloric acid has, in some instances, proved very useful in

counteracting the last-mentioned tendency. To escape these

inconveniences, less sulphuric acid is frequently used than is

needed to render the entire amount of phosphoric acid present

soluble. Undecomposed bone phosphate, uncombined oxides

of iron and alumina are thus of common occurrence in super-

phosphates but recently manufactured. As these substances

act quite injuriously in the course of time on the soluble

phosphoric acid, by changing it into a less valuable form, so-

called "reduced phosphoric acid" or bicalcic phosphate, it

becomes quite evident that the cheaper kind of two commer-

cial mineral phosphates, which contains an equal percentage

of bone phosphate, may prove in the end not to be the most

economical material to work into superphosphates.

To derive the full benefit of the comparative cheapness of

most mineral phosphates in the manufacture of superphos-

phates, requires considerable skill in mechanical appliances and

some familiarity with chemistry. Large establishments for the

manufacture of standard superphosphates can make no better

investment than to put their factories under the supervision

of a good chemist, and, what is equally essential, give him a
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fair chance to do his best. In our present mode of managing

the fertilizer Jbusiness, it is but natural that our superphos-

phates, although frequently manufactured from the same raw

materials, are of very uncertain composition, of a low grade,

and of quite unequal commercial value. Coarsely ground

mineral phosphates, in their original state, are almost worth-

less in a concentrated commercial fertilizer. As bones yield

in much larger degree to the dissolving action of the carbonic

acid in the soil, we prefer superphosphates made from bones,

to those manufactured from mineral phosphates, in case they

contain equal amounts of insoluble phosphoric acid. In re-

gard to the soluble phosphoric acid, of course it is of no con-

sequence from what source it has been procured,—bones or

mineral phosphates. The best protection for farmers, as a

general rule, is to refuse to buy superphosphates which con-

tain from two to three per cent, of insoluble phosphoric acid,

at a rate which applies properly only to first-class articles.

The so-called ammoniated superphosphates receive only in

exceptional cases their nitrogen in the form of ammonia com-

pounds. In the majority of cases the nitrogen is added in

the form of some nitrogenous animal matter, as ground bones,

Peruvian guano, fish pulp, meat scraps, blood, refuse material

from glue factories, hair, horn, ground leather, etc. Also

Chili saltpetre, and potash saltpetre, sometimes furnish the

nitrogen in commercial manures. Our dealers have not yet

been seriously asked to recognize the great difference which

exists between nitrogen in the form of ammonia compounds,

guano, meat, blood, fish; and that in the form of hair, horn,

woollen refuse, leather scraps, etc., although in the latter case,

it is hardly worth one-half the amount of that in the former.

As the new law for the regulation of the trade in fertilizers pro-

poses to protect the farmer in his just claims, he ought to

assist in its enforcement, by refusing to buy of dealers who
do not comply strictly with its requirements, and give with

every package an intelligent statement respecting the chemical

composition and real agricultural and commercial value of the

articles they offer for sale.
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DENTITION OF DOMESTIC ANIMALS.

The teeth belong to the digestive system ; and though firm,

hard substances, and even implanted in the maxillary bones,

yet they are no part of the osseous skeleton. They are de-

veloped from the mucous membrane along the walls of the

anterior portion of the alimentary canal, and thus serve as

the mechanical agents in the division and the trituration of

the food. The teeth are therefore adapted in the carnivorous

animals for seizing and tearing flesh ; while in the herbivora,

there is a modified form of the same, to suit the changed con-

dition of the creature in nature. In fact, almost every con-

ceivable gradation of purpose may be served by these im-

portant organs in the economy of the different orders, genera

and species of mammals.

In the walrus or sea-cow, we find a pair of tusks developed

to such an extent that they are used as organs of locomotion

when the creature is basking upon the shore ; and the fossil

dinotherium of the tertiary epoch evidently used a similar

pair of the front teeth on the lower jaw as a means of anchor-

age.

The beaver, like the carpenter with his tools, diligently

applies his gnawing teeth to the wood, and thus prepares and

by the same means transports his building material for his

dam.

The elephant and the musk-deer have well-developed teeth,

that are employed as organs of defence, while the hyena and

the dog show their glistening ivory when in rage, and use the

same as weapons of combat. But nowhere is the secondary

use of the teeth more evidently displayed than in man, where

they not only contribute to beauty, but to his inimitable power

of speech.
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Hence the teeth are important in a zoological point of view,

and greatly aid in the classification of animals. So intimate

are the relations of these organs to the general economy and

habits of an individual, that the naturalist is often enabled to

determine the position of a fossil creature in the scale of

being by the teeth alone ; and not unfrequently these are the

only relics to be found to mark the existence of some huge

monster, whose bony skeleton perhaps may have smouldered

away to dust.

The teeth are composed of three distinct anatomical ele-

ments,—the dentine, the enamel, and the crusta petrosa. The

first was so named by Professor Richard Owen, of London,

in 1835. It forms the bulk of the tooth, and is very firm and

solid. Hence it has been called the bone of the tooth. A
modified form of it, as seen in the tusks of the elephant, is

called ivory. It is made up of a series of minute tubes and

cells, with earthy particles interposed. The dentine of the

higher mammals is unvascular, but its nutrition is carried on

by means of these tubes connecting with the pulp.

The enamel is the hardest substance in the animal body,

and consists of earthy matter deposited in an organized

matrix. The enamel forms a perfect sheath around the den-

tine, except on the lower portion of the root. In man and

the carnivorous animals it permanently covers the crown, but

in the herbivora, where the teeth are long and gradually wear

away, it soon becomes denuded. Here it takes on a new
form, being folded upon itself, and in the grinding teeth it

presents a peculiar appearance, interspersed with dentine.

In the front teeth of the horse it forms a deep cavity, as seen

in figure 2, and is known as the infundibulum.

The crusta petrosa is a hard, bone-like substance, which

covers that portion of the tooth within the jaw. In its struct-

ure and manner of growth it resembles the osseous tissue

more than either of the other dental elements. It varies

greatly in thickness on different teeth and on different parts

of the same tooth. It is the thickest at the end of the fang

;

and where it covers the enamel it appears like a thin layer of

cement, which name also has been applied to it by various

authors. It fills the bottom of the infundibula, and forms an

oval island in the sack of the enamel, which is well illustrated
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in comparing figures 2 and 3. As the teeth wear away, the

nerve begins to recede from the crown, and its cavity is filled

with cement. This makes the "dental star," as shown in

figure 4.

There is great variety in the form and number of teeth

among our domesticated and wild animals, and we are there-

fore led to inquire what relation one kind of dentition has to

another. . Zoologists and palaeontologists are agreed that the

typical set of mammalian teeth is forty-four. This corre-

sponds with the number found in the fossil skull of the

dotherium, as shown in figure 1. Professor Owen and other

naturalists claim that the hog is the only creature now in

existence that has a complete set. But there is evidently

some mistake about the dentition of the Suidce, as I shall

endeavor to show at another time.

Anatomists have divided the teeth into certain series, as

follows : the first three in front on each side are called from

their shape, incisors ; the next one is the canine ; then comes

the four premolars ; and lastly the three molars, as here

represented.

Incisors, fxf ; canine, ^-X^; premolars, fx|-; molars,

|^Xf=44. This formula shows the teeth to be equally

divided above and below and upon the right and left side.

But all animals do not possess this number. Man has only

thirty-two, and in comparing them with the typical set, we
discover that the outer incisors in both jaws are lost ; the

canines are in place, and so are the molars ; but of the four

premolars only two are present, and these are known as the

bicuspids. In the horse and ruminants we find the molars

and three of the premolars present, and not unfrequently the

first milk molar in a rudimentary form, which may be called

a supernumerary. This is always present as a germ in each

jaw, as will be seen in the formulae for the deciduous teeth of

the horse and ox.

Incisors, f Xf ; canines, ^X^; molars, |x|=32.
This peculiar denticle is known among horse jockeys as the

" wolf-tooth," and special pains are usually taken to remove

it at an early date, lest it cause blindness or some other

ophthalmic trouble. Such practice, based on imaginary

pathology, cannot be too strongly denounced by every
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anatomist in the land. The occasional presence of this

diminutive tooth with the permanent set only illustrates the

law of reversion, and should be looked upon in a zoological,

rather than in a pathological, point of view. It is curious

that the farriers of the county, who have almost invariably,

they claim, found this to be so very troublesome in the horse,

have not stopped to inquire whether similar diseases did not

exist among the ruminants, where these wolf-teeth are quite

as prevalent.

Prof. Joseph Leidy, M. D., of Philadelphia, has found, in

his palaeontological researches concerning the extinct mamma-
lian fauna of Dakota and Nebraska, that the Anchitheridm

(a large family of solipeds, now found fossil in the Mauvaises

Terres) had six large molar teeth on each side of both jaws,

besides a small premolar, as in the horse. Hence, the wolf-

tooth becomes an interesting relic in the study of natural

history. And the various diseases of the eye, supposed to be

caused by this little nerveless tooth, must have prevailed

throughout a long geological period when there were no

veterinarians to attend to the sanitary condition of these

afflicted animals, if such they were, from the . possession of

this offending tooth.

In the bovines, the number of teeth is reduced to thirty-

two, inasmuch as there are no incisors nor canines in the

upper jaw in the second dentition. Yet germs of these

teeth are in place, though not developed in the first set.

The canines appear in the musk-deer and in the caribou,

and the outer incisors also occur in the camel.

As the milk-teeth are gradually replaced by those of the

permanent set, at different intervals in different species of

animals, we are enabled to determine the comparative age of

a creature in its early years, if we know the order of its den-

tition. And the teeth which are of the most importance to

the practical observer are the incisors and the canines on the

lower jaw.

The colt has the six incisors well developed and in position

at one year of age. The infundibula or " the marks," seen at

figure 2 in the crown of the front teeth, are well defined.

But at two years of age these cavities have become nearly, if

not quite, worn out ; and, if a colt at this age is very large

n
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and well developed, it may be taken for a horse much older,

by one not experienced in such dental examinations. But

any one with half an eye, though deceived in regard to the

marks, can see that the creature is still a colt.

At three years of age, the central nippers are replaced by

the permanent teeth, which are much wider and more bulky

than the remaining ones of the milk set. The lateral nippers

come at four, and the permanent corner nippers appear when

the horse is five years old, and seldom or never before that

time.

This is an important age to observe the condition of the

mouth ; for not unfrequently a large four-year-old colt is

offered for sale as a five-year-old horse, for family use, and

one not familiar with the order of dental development would

be deceived and " sold " by a sharp horse jockey. Before you

pay any money for a horse represented to be five years old,

see that the milk-nippers, which are very small compared with

the other front teeth, have been replaced by the " horse-teeth,"

so called.

The canine or " bridle-teeth," though always present as a

germ, are usually not very much developed in the mare, and

therefore of no importance to decide this question, but in the

horse they are much more prominent at five, than a year pre-

vious. There are but few cases, I fancy, of horses absolutely

five years old, that have not shed their corner milk-teeth.

But if the matter is pressed, call for an authentic record in

all such disputed cases.

At six years of age, the "marks" in the first incisors have

usually disappeared, and at seven, the same change has

occurred in the lateral nippers, and repeated in the corner

teeth at eight. Thus, when a horse is going on nine years old,

all the " marks " have usually disappeared from the lower front

teeth. From this age onward, the teeth become thinner in

their lateral diameter, as also much shorter. At figure 3, is

seen the left middle incisor at about twelve years of age ; and

at figure 4, the same tooth from the jaw of a horse twenty-

seven years of age and represented in full at figure 12, which

is actually drawn from nature. I know the history of this

horse : it belonged to the late Michael Griffin, of Middletown,

Conn., and I obtained this specimen with my own hand, from
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the carcass. You will see that this old horse's tooth is much

shorter than the one at twelve years of age, and not half as

wide. Thus you will find a serial gradation in the length and

width of the lower incisors, from eight to extreme old age.

The older the horse, the shorter the teeth, even though they

show longer above the gum than in a younger animal.

From the foregoing it will be seen that the first pair of per-

manent incisors occur in the colt at three years of age, and

the others at intervals of one year. The " marks " disappear

according to the same law. But in the ox we have another

order of dentition. Here, the first pair of the second set

occur at two, and the others, including the canines, which

thus make eight front teeth, at intervals of six months. To

verify this, I have watched the dental development of the

thoroughbred stock at the College barn, and have had Profes-

sor S. T. Maynard sketch the following figures from living

animals, that may be examined at any time by all who are

interested in this branch of inquiry.

"Yucatan," a Shorthorn heifer, is now two years old, and

has the first pair of permanent teeth up and well developed.

(See figure 5.)

Another heifer of the Shorthorn breed, " Bella Wilfer," now
two years and a half old, has four incisors, as shown in

figure 6.

"Grand Duke," one of the Jersey bulls, had the six incisors

well developed last fall, when three years of age, as seen in

figure 7.

The Ayrshire bull, "Lord Ronald," has now a full mouth

at three and a half years old. (See figure 8.)

These all occur in the regular order of dentition, but there

is occasionally a slight variation. "Fourth Highland Chief,"

a bull of the Holstein breed, is a little tardy in his dental

development, according to this rule. He will not have a full

mouth until four years of age, as seen in figure 9.

The teeth grow smaller as the creature advances in years.

This is well illustrated by comparing the appearance of the

jaw of old "Beauty " (figure 10) with any of the other figures.

There are at times very early developments of the teeth,

when the jaw-bones are not large enough to contain them.

This causes great irregularity in the position of the milk set,
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as is well shown in figure 11. When this is the case, the

permanent teeth usually follow in rapid succession, and if

crowded, one should be removed to prevent its being broken

off at an early age, in the act of grazing.

Sheep have the same number of teeth as cattle, and the

appearance of the jaw is very similar, but the order of denti-

tion is in accordance with another law, peculiar to every

species. The first pair of permanent incisors appear at one

year of age, and the rest follow at an interval of nine months,

with slight variations for exceptional cases. This will make
the next two appear at one year and nine months ; the third

pair at two and a half, and a full mouth at three years and

three months.
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No. 5.

YUCATAN, (Shorthorn,) 2 years old, March 19, 1875.

NO. 6.

BELLA WILFER, (Shorthorn,) 2K years old, March 20, 1875.

No. 7.

GRAND DUKE, (Jersey,) 3 years old, Sept. 24, 1874.





Fig. 8.

LORD RONALD, (Ayrshire,) 3^ years old, March 26, 1875.

Fig. 9.

FOURTH HIGHLAND CHIEF, cHolstein,) 4 years old, May 15, 1875.

Fig". 10.

BEAUTY, No. 8, (Ayrshire,) 21 years old.





Fig. 11

Irregrular Dentition of Cow.

Fig. 12.

Lower Incisors of Horse, 27 years old.
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HOKTICULTUKAL DEPABTMENT.

The plants in the Durfee Plant-house are generally in a

very good condition ; but owing to the many duties which

devolve upon the gardener and the need of skilled labor to

assist him, he finds it very difficult to keep everything in the

neat and flourishing condition desirable in a house of this

kind.

Many of the plants have been injured by a beetle belonging

to the curculio family, which appears in large numbers in July

and August. It feeds upon the foliage of nearly all kinds of

greenhouse plants ; even the thick, hard leaf of the camellia

is not free from its attacks. It continues to feed until Decem-
ber and January, when it lays its eggs and dies. The larva

feeds upon the roots of the plants, doing quite as much injury

beneath the soil as the perfect beetle does above. It is about

one-fourth of an inch long, of a grayish brown color, with a

white spot upon the outer edge of its wing-covers. It is,

undoubtedly, a foreign species, and may have been imported

with some of our plants.

During the past two years the lower woodwork of the

plant-house has received one coat of paint, and the entire

frame should be painted both inside and out as soon as pos-

sible. The walk in the octagonal room has been relaid, and

those in the other rooms need renewing.

The grounds around the plant-house and botanic museum
have been laid out in beds and borders, and many ornamental

trees and shrubs planted the past season.

The vineyard has made a good growth, and the wood fully

matured. Early in the season it promised a heavy crop of

fruit; but about the first of July a fungus appeared which

rendered it a perfect failure. This fungus or mildew was
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found upon the stem of the berry, and in some cases upon

the leaf, in July, but no trace of it could be found upon the

berry itself until nearly a month later. Its effect was to check

the growth of the fruit, to cause it to color prematurely, but

to remain hard, and finally shrivel on the vine. In some

cases the entire bunch was affected ; in others, only a few

berries.

This fungus appeared identical with the common oidium or

mildew which destroys the foliage of the foreign and thin-

leaved varieties of the grape. Its ravages were confined to

the fruit of the Concord, Israella and Agawam, and to the

foliage of the Delaware, Iona and Wilder.

The orchard consists of two hundred and sixty-three trees,

including one hundred and forty pear, seventy peach, twenty-

five apple, fifteen plum and thirteen cherry trees, all of which

have made a good growth the past season. Of the peach

trees, forty were planted last spring ; the others are older,

and a few bore fruit. Sixty pear trees of the Buffum variety

have been grafted with fifteen of the leading sorts.

The nursery contains a good stock of ornamental trees and

shrubs and a large number of fruit stocks, which do good

service in instructing students in the art of budding and

grafting.

There are at present no small fruits, except the grape,

growing in the horticultural department, but a few plants of

the more important varieties were obtained last spring and

propagated for planting the coming season.

Owing to the limited market in this vicinity, no great profit

would result from their extensive cultivation ; but while there

is so much confusion in regard to the names of varieties of

both large and small fruits, and while instruction cannot be

given with profit upon their cultivation without practical

illustration, all the leading kinds should be grown under their

correct names.

The grove cast of the plant-house has been laid out for the

Massachusetts garden. A drive, and numerous walks, have

been cut and gravelled, and the ground cleared and graded.

A green crop has been plowed in on the lot, previously

subsoiled for the pinetum.

On the piece of land north of the botanic museum have
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been grown eighty-five varieties of potatoes. The seed was

received in May, one tuber of each kind. On account of the

time required to prepare molds and make casts of each,

which were colored and placed in the museum, they were not

planted until the first week in July. They were cut in pieces

of from one to three eyes, two to five pieces, placed in four

and five inch pots, in a good rich soil, and set in the propagat-

ing pit. Here they remained about one week, when they were

planted in moderately rich soil, in the open ground.

The accompanying table gives the results :
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Andes, .
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. 4 16 14 4 11 6 8 2

Black Mercer, . 3 4 18 5 14 8 8 2

Bismarck, 3 6 28 11 27 8 2

Breezees Prolific, . 3 12 10 3 14 4 7 2

Brownite, 4 4 10 3 5 14 10 2

Calico, 4 4 18 5 9 14 2 2

California, 7 5 28 6 11 12 1 1

Carmelite, 2 8 22 6 9 6 10 2

Caroline, . 2 11 21 9 18 4 4 2

Cusco White, .
- 21 6 8 8 10 2

Climax, . 3 13 18 4 16 2 8 1

Conover, . 1 14 11 3 5 6 9 2

Copper Mine, . 1 10 13 4 13 4 8 1

Croton, . 2 6 8 4 3 2 10 2

Crown Prince,

.

1 11 15 5 13 10 9 2

Drew's Prolific, 3 9 10 3 12 10 7 1

Dover, 5 6 15 - - - -

Dykeman, 3 7 13 5 4 4 10 2

Dyrite, 2 4 10 5 10 6 3 1

Extra Early Vermoiit, ; 5 2 15 7 24 4 10 1

Early Rose, 4 2 18 7 24 8 10 1

Early Mohawk, 4 5 12 4 10 12 10 1

Early Queen, . 2 14 10 3 5 10 2

Early Sebec, . 3 10 14 5 3 6 10 2

English Kidney, 5 2 27 - - - -

Excelsior, 2 15 11 5 16 8 7 1

Fenian, . 2 6 18 4 1 15 10 3

Forfarshire Red, 1 4 10 4 8 2 8 1

Fox Seedling, . 14 11 3 4 15 8 2

Garnet Chili, . 3 12 18 4 11 12 5 1

Girard, 3 5 19 5 5 14 10 2

Gleason, . 3 14 17 7 9 14 8 1

Glenida, . 15 10 3 4 6 10 2

Goodrich,

.

4 10 20 6 24 5 1

Gravelot,

.

3 10 21 4 4 6 10 3
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Gregory, . . ... 13 9 3 4 4 10 2

Hanson, .... 5 7 14 4 10 6 5 2

Hexamer, 2 6 9 3 9 14 4 2

Holbrook, 2 6 13 10 - 4 3

Howe's White Rose, 10 6 16 3 16 4 4 2

Jackson's White, 2 4 23 7 13 9 2

Ketcham,.... 1 3 12 5 3 2 10 2

King- of the Earlies, 4 2 11 3 3 10 2

Lady Finger, . 1 12 19 5 1 14 9 3

Late Rose (Campbell's),

.

5 3 22 6 26 12 4 2

Late Rose (Thornburn's), 5 9 20 10 43 10 8 1

Leather Coat, . 3 14 22 - 14 — 3

London White, 1 6 8 - 2 6 - 1

Mareopac, 2 5 10 4 8 2 10 2

McMahon, 5 19 8 14 14 4 2

Monitor, ; 1 5 11 5 15 5 1

Mt. Gilead, 3 4 24 5 9 10 10 2

New Hampshire, 2 3 9 - 1 6 - 2

No Blow,.... 2 4 7 3 23 <• 5 1

Orono, .... 1 8 12 5 3 10 10 2

Peachblow (white), 4 14 4 8 14 2 2

(red), . 2 11 - 2 6 - 1

" (white-eyed) ,

.

1 12 10 2 4 8 2 2

Peerless, .... 8 14 15 5 13 6 6 2

Peerless Seedling, . 2 7 19 5 14 8 6 1

Penn's Search-warrant, . 3 19 4 7 4 1

Pink-eyed Rusty-coat, . 1 7 20 - 6 - 3

Prince Albert, . 4 28 8 15 8 1

Putnam, . 3 6 25 5 9 8 5 1

Samaritan, 1 14 10 3 3 9 2

Sedan, 5 2 15 5 8 2 9 2

Skerry Blue, . 2 3 13 4 7 1 2

Snowball, 1 12 19 10 18 6 6 2

Standard,. 5 15 23 7 15 2 2 2

State of Maine, 2 12 22 5 11 2 8 2

Strawberry, 1 6 7 3 7 14 8 1

Vandervere, 7 7 26 4 12 6 8 1

Western Reserve, 4 14 15 6 12 6 10 2

White Chili, . 1 10 9 5 9 10 1 1
" Mercer, . 3 10 17 4 10 12 9 1

" Sprout, . 5 20 9 12 10 5 2

Willard, . 3 2 13 3 8 6 10 1

Young's White Ros('» • 3 10 16 5 24 8 1

No. 14, . 3 11 4 7 10 10 2

23, . . • 7 2 19 4 29 4 4 2

26, . . 4 22 8 26 9 2

29, . . 2 12 3 8 14 10 2

31, . . 3 8 20 5 12 6 6 2

35, . 3 12 21 6 5 8 10 2

37, . . 5 13 13 5 6 12 4 2

12
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Ten, in column five, indicates the vines in perfect condition,

and one, that all were dead at the time of digging. One, in

column six, means large ; two, medium ; three, small.

Four pounds of No. 23 were received and treated the

same as the others ; yielded about four bushels. All the

potatoes were dug September 28.

A large amount of work has been done by students in this

department, and more faithful or interested assistance could

not be desired ; but the limited time they have to work each

day renders their labor unprofitable. The benefit to the stu-

dents themselves may in a measure compensate for this incon-

venience and loss.

Besides attending to the regular duties as gardener,

instruction has been given to the junior class in fruit-culture

during the fall term, and in floriculture the first four weeks

of the winter term. The same class have performed their

class work in this department, and received what instruction

could be given in the practice of horticulture in its various

branches.

The senior class received during the fall term instruction

in the art of fruit modelling and painting, and in the study

and use of the microscope during the winter term.

Many models of fruits and vegetables have been added to

the collection, and it is hoped that by obtaining specimens

from their original localities, correct representations of all

the valuable varieties will soon be plaoed in the museum.
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THE FARM AND THE STOCK.

During the months of January, February and March, the

men and teams were employed in drawing loam and sand

to the yards and cellars, in gravelling the roads, in felling,

trimming and getting to the mill and delivering chestnut and

pine timber, in moving stumps, plowing, subsoiling and

grading for the horticultural department, and, when they

could be spared, in drawing railroad ties from Pelham to

Northampton.

The land west of the boarding-house, and also one acre

north of the new barn, on which field fodder and sweet corn

and sugar beets were raised last year, was plowed the last

week in April, and sown the fourth of May with excelsior oats,

at the rate of two bushels of seed per acre, and yielded a very

large crop of grain and straw, which were secured in fine

order. Clover, timothy and redtop were also sown with the

oats, and made a fine catch.

In my last year's report, I made the following statement

:

"Soon after haying, we plowed about twelve acres of land

lying east of the brook and intersected by the county road,

and have since sown it with rye." "This land is rough, cold,

springy, weedy and barren, and it has never yielded crops

worth harvesting." "At the same time I know of no land

that will better repay the cost of improvement, and it is

proposed to drain, grade and cultivate it, as and when means

and opportunity permit."

The rye on this plot being almost entirely winter-killed,

we worked about five acres of it in May, with the Holbrook

cultivator, crossed with the Nishwitz harrow, and sowed it

with oats, using three bushels of seed per acre, and sowing

about five hundred pounds of Brighton fertilizer to the acre,
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which we harrowed in with the grain. We afterwards sowed

ten pounds of clover seed per acre, and rolled it in. By
these means we obtained a very large crop of fodder oats,

which we secured in fine order, and about the handsomest

stand of clover I ever saw. After haying, we top-dressed

this with compost from the yard, and sowed timothy and red-

top ; and we have thus got this troublesome piece into a con-

dition to yield profitable returns for two or three years,

when it can be taken in hand and more effectually reclaimed.

Three acres more of the land sown to rye last year was

plowed and planted to corn. The rye, on five of the re-

maining eight acres, was so severely injured by the freezing

and thawing of the wet, springy surface, that it was purposed

to plow it in and plant fodder corn ; but it was impossible

to get on the land, and what little rye was left made a vigor-

ous growth, and, in proportion to the number of stalks,

yielded an excellent crop. The other three acres, being on

dry land, made a satisfactory growth, and yielded a good

crop of rye and straw.

The land selected for planting with corn was the worst

portion of the tract thus described by Professor Stockbridge

in 1868. "The mow lands first demand attention, because

they are contiguous to the highway, and at present wet,

rough and unproductive. The fields of this division slope

towards the brook, which has a rapid fall. They are

all surcharged with water, whieh breaks out in springs in

many places, running over the surface, making the soil cold

and barren, and inducing the growth of coarse and undesir-

able grasses."

To cultivate corn on such land as this, in the wettest

season ever known, and in plain view of a critical public,

required all the pluck and perseverance at my command.

After repeated preparations, necessitated by repeated pour-

ing rains, the corn was planted from the thirtieth of May to

the sixteenth of June ; and though its growth in the months

of June and July was very slow, yet, thanks to the unusually

warm and favorable fall, the corn ripened well ; and, except

on about half an acre, where the plants were literally drowned,

we harvested a good crop of corn and stover. An acre near

the buildings was planted with small yellow corn, and fur-
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nished an excellent illustration of the method of planting and

cultivating by the German beet-machinery, as described in

former reports.

The potatoes for the main crop were planted on land

adjoining, and of the same character as the corn land above

described. Like the corn, they were more or less affected

by the unfavorable conditions of the land and season, but by

careful and persistent cultivation we obtained a fair crop

;

and, contrary to my expectations, the quality of the potatoes

is remarkably good.

About the first of May, we plowed in a liberal dressing of

stable manure on an acre and a quarter of land where we
raised millet last year, harrowed with Nishwitz and cross-

harrowed with Thomas's harrow, and planted with sugar-beets.

To the wetness of the season and the springy nature of the

land, I attribute the fact that the crop was a partial failure.

I therefore filled the vacancies on one-fourth of the piece by

transplanting, and plowed in the remaining three-fourths

and sowed it, June twenty-fourth to July second, with

Swedish turnips. The beets and turnips were planted in

rows eighteen inches apart, and twice cultivated with the

German beet-machinery, and twice hand-hoed, the plants

being thinned to about ten inches apart in the rows ; and

November fifth to tenth we harvested, four tons of beets and

twenty tons of Swedish turnips.

The grass crop was a full average one, and by the help of

improved machinery was secured in fine condition, in spite of

the unusually catching weather.

The strawberries, raspberries and blackberries all yielded

abundantly, and attracted much attention and admiration from

visitors to -the College.

The vegetable garden was manured at the rate of ten cords

to the acre, plowed, harrowed, and handed over to Prof.

Stockbridge. Under his direction, the planting, cultivating

and harvesting were performed by the students, as class

work, and good crops of various kinds of garden vegetables

were raised and secured.

The nursery, young orchards and the vineyard have also

been supplied with manure, and kef>t thoroughly cultivated,

and several plots have been prepared and cultivated, under
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the direction of Prof. Stockbridge, for experiments, which he

will probably detail in his report.

Before this year, the greater portion of the available labor,

outside of what was necessary for putting in, cultivating and

securing the crops, and teaming for the College, has been

expended in making roads and bridges, removing stumps and

stones, levelling mounds and hillocks, filling up bog-holes

and gullies, and other work of the kind, which added little to

the productive value of the farm, and after its completion was

little thought of except by those who were capable of appre-

ciating the difference wrought by each successive year in the

appearance of the estate. Much of this work still remains to

be done ; but it is an encouraging fact that each year the result

of a given amount of labor is more apparent, and we are now
enabled to undertake and accomplish works of sufficient diffi-

culty and extent to free us from the accusation of being " for-

ever doing nothing."

In his report of 1868, already referred to, Prof. Stock-

bridge says :
" The pasture lands on the river, which bounds

the estate on the west, have the best soil on the farm ; but

much of it is saturated with water, and covered with brush,

and should be improved immediately."

The need of improvement, so apparent at that time, has

steadily increased ; but, as the pasture was remote from

general observation, its claims have had to yield to the

pressing necessity of putting the land about the buildings

into presentable shape.

Now, however, a public road has been opened through this

part of the farm, cutting off a considerable slice of the driest

land ; and the unusual moisture of the past spring and early

summer, so aggravated the general sourness of the herbage,

and the difficulty of reaching the isolated knolls where a

sweeter vegetation obtained, that the larger cattle showed

unmistakably that the supply of nutritious feed was not in

a proper proportion to the labor of getting it. Clearly the

task of improvement could no longer be deferred.

The general character of the pasture was that of a low,

marshy plain, lying at the foot of the slope behind the Col-

lege, and kept wet and sour by the surface and spring water

which was either pouring or oozing into it from the adjoining
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upland. This water, after thoroughly saturating the soil,

and filling the slough-holes and reservoirs, meandered

leisurely among rushes and alders till, after an astonishing

number of convolutions, it found its way to the brook at the

extreme west of the farm. Most of the land was covered

with dog-roses, alders, fruitless huckleberry bushes, swamp
laurels, ferns, thistles, and sapling pines from one foot to ten

feet high ; and, of course, the removal of these was the first

step in the process of improvement. Then, to get rid of the

surplus water, we ran a tile-drain along the foot of the slope,

tapping the springs, and by means of two larger drains

converging into one, we carried the water thus collected to a

point at the lower end of the piece inclosed for improvement,

whence, in due time, it can be carried on to the river. The

drain was laid in a very dry time, but at once began to

discharge a gallon a minute, and is now pouring out a stream

which nearly fills the three-inch pipe.

We plowed all the land about seven inches deep, using

only two horses on each plow, but paying especial attention

to keeping the shares and coulters of the plows sharp ; and

having a man to follow with a fork, to lay up any sods which

might fall back, and to clear the furrow for the next bout.

After plowing, we harrowed thoroughly both ways with the

Nishwitz harrow, sowed on five cwt. to the acre ofa commer-

cial superphosphate, harrowed with the Thomas's smoothing

harrow, sowed a mixture of herdsgrass, redtop, orchard

grass, and fowl-meadow, and rolled with a heavy roller, and

there is now a flattering promise of a good crop of hay next

summer. The surface is still somewhat lumpy and uneven ;

but after sowing clover-seed in the spring, it is intended to

roll the piece again, and it is expected that this will leave it

in fair condition for the mowing-machine, tedder and horse-

rake. After a heavy rain, I carefully marked the course of

the surface-water, and afterwards provided for its rapid escape

by deepening, clearing out, and connecting the dead furrows,

and making a few cuttings through the hillocks which had

heretofore set back the water, and rendered it difficult to tell

in which direction the outlet really was.

The land inclosed for improvement amounts to twenty-five

acres. Of this, thirteen are already laid down ; about five
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acres are plowed, and it is proposed to manure this, and

also the remaining seven, which are drained, bnt otherwise un-

improved, and sow both with oats and grass-seed next spring.

As the seeded, the plowed and the wild portions of the

piece are all of the same general character, and an equal

proportion of the expense of drainage is chargeable to each,

it is proposed to consider the whole piece as reclaimed, and to

state the cost of the different operations as it will probably

stand after the first of May, 1875.

Pasture Swamp—To Massachusetts Agricultural College.

Dr.

August, 1874, to May, 1875.—To cutting, mowing and burning

brush, 25 acres, at $5 per acre, ...... $125 00

To plowing (two men and a boy, and two horses) 33 days,

at $7.75 per day, . . . . . . . . 255 75

To harrowing five days with Nishwitz, 25 00

To 6J tons superphosphate, at $45 per ton, ... . . 281 25

To sowing, . 5 25

To harrowing with Thomas's, . . . . . . . 12 50

To 12 acres oats (30 bushels), 2100
To sowing oats, 1 50

To grass-seed (clover, 250 lbs.), 25 00

To timothy, 6J bushels, 25 00

To fowl-meadow, 2 bushels, 9 00

To orchard .grass, 3 bushels, ..-.-, 14 00

To sowing grass-seed, 3 50

To rolling, 12 50

To 1,600 three-inch sole tile, at $38.70 per M, . . . .62 92

To 1,445 two-inch sole tile, at $24.50 per M, . . . .35 40

To drawing tile from depot and delivering, . . . . 5 00

To digging, laying and covering 2,000 rods of drain, 3 to 5 feet

deep^at 65 cents per rod, 130 00

To 50 pounds tarred paper, 2 00

$1,051 57

Cr.

By 25 acres of excellent land, adjoining the highway, and con-

venient to College and town, before of little .value, now
worth for farming purposes $200 per acre, . . . $5,000 00

Besides reclaiming this piece of pasture, we have accom-

plished a very desirable improvement in filling up the zigzag

channel along which the brook flowed before its course was
13



98 AGRICULTURAL COLLEGE. [Mar.

straightened by Professor Stockbridge and the students in

1872, and in plowing the swale and grading the bluffs

between the south culvert and the wooden bridge. The

expense of this operation, charging a man and two horses at

$4, and a man and bull and tip-cart at $2.50 per day,

amounted to $182 ; and, considering the improved appearance

of this very prominent feature in the approach to the College,

and the fact that three acres are changed from a nearly

worthless swamp to smooth and productive land, the outlay

cannot be regarded as extravagant or unprofitable.

We have also blasted and removed the rocks, scraped the

mounds into the slough-holes, and otherwise graded and

levelled the piece between the greenhouse and the county

road ; and as the students, under the direction of Professor

Stockbridge, have made good progress in thoroughly draining

it, it is hoped that this piece will soon be an ornament, instead

of a reproach, to the College.

The banks around the new barn have been graded, covered

with loam, top-dressed and seeded down ; elms and maples

have been obtained and set out in place of those which have

died, and numerous evergreens have been procured from the

woods and pastures and set out in the nursery, and in clumps

at different points on the farm. Considerable care and labor

have also been expended in improving, gravelling and keeping

in repair the four miles of roads on the estate.

Four hundred loads of compost from the yards have been

carted out and spread on the mowing, and loam and other

materials have been furnished as a basis for next year's

supply. The plan proposed in my last report, for the storage

of loam in the barn, and its use for bedding, has been carried

out, and works admirably. Loam is carted into the barns,

and dumped through a scuttle into a pen at the east end of

the cow-stable, where it is kept dry and free from frost, and

seven wheelbarrow loads in summer, and fourteen (about half

a cord) in winter, are daily used to bed the stock, and absorb

the liquids and gases of the manure.
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List of Crops cultivated on the College Farm during the year 1874.

CROPS. Area, Yield.

Oats,

Acres. Rods.

10 32
/ 506 bushels oats, and estima-

\ ted 10 tons straw.

Fodder (oats), 4 80 7 tons fodder.

Rye (springy land), 5 00 25 bushels.
" (dryland), 3 00 88 bushels.

Potatoes (manured), 2 40
f 320 bushels large, 135 bush-
\ els small.

" (unmanured) , . 2 00
t 360 bushels large, 50 bushels

\ small.

Corn, 8 00 350 bushels.

Sugar-beets and ruta-baga, . 1 43
f 4 tons of beets, and 20 tons

\ of turnips.

Small fruits, .... 1 48 610 boxes.
Vegetable garden, 1 13 A variety of vegetables.

Nursery, . 1 12 - -
Young orchard, 3 00 - -
Vineyard, 2 00 -
Arboretum, . 3 00 — -
Pasture reseeded, 13 00. - —

" plowed, 5 00 -
Swale plowed and graded, . 3 00 - -

Total area in tillage, 70 14 _ _
" in mowing, . 124 55 190 tons of hay.
" in pastures, . 108 47 - -
" inwoods and roads, 80 64 -

383 20

Among the labors, outside of farm work proper, and the

improvement and beautifying of the estate, which devolve on

the Farm Superintendent, and the men and teams in his

employ, are the attendance on visitors, and the answering of

inquiries, oral and written, about the agricultural department

;

the examining and reporting on implements and machines left

for trial ; the transporting of freight and baggage to and from

the depot ; the drawing and delivering of two hundred and

fifty tons of coal to the different departments of the College

;

the removal of ashes and other refuse ; the digging up and

relaying water-pipes from the laboratory to Professor Graves's

house and the boarding-house ; the cleaning of the numerous

vaults, wells, and cisterns on the estate ; the supply of loam

and absorbents where needed ; and, generally, the furnishing

of men and teams for any and all purposes ordered by the
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proper authority, and necessary for the welfare, progress and

prosperity of the several departments of the College.

Stock.

The stock, which was quite particularly described in my
last report, has been thrifty, prosperous and productive,

especially of bull calves.

Shorthorns,

The Shorthorns comprise one bull and fifteen females.

The bull "Roan Regent" is a handsome, thrifty animal, and

at fifteen months old weighed 1,080 pounds. His pedigree,

below, shows about three-fourths of the Bates-Stevenson

blood ("Duchess," " Princess " and " Oxford "), the remain-

ing fourth being derived from the famous tribes of the broth-

ers Colling, Coates, Booth, Sir C. Knightley and Earl Spen-

cer. His immediate ancestors have all been animals of high

individual excellence, well and favorably known in this

section, the cows being especially remarkable for their milk-

ing qualities.

"Roan Regent," bred by H. S. Porter, Hatfield, Massa-

chusetts, the property of the Massachusetts Agricultural

College, Amherst, Massachusetts. Roan, calved Septem-

ber 25th, 1873, got by "Roan Duke" (10,783), out of "Red
Rose" by "Autocrat, 2d" (5,335). "Jenny," by " Brother

Jonathan, 2d" (2,570). "Dorothy, 3d," by "Princess Leo-

pold" (869). "Dorothy," by "East Windsor" (56). "Red
Romp," by "Agate" (2). "Romp," by "Enchanter" (3,729).

"Rachel," by "Washington" (1,566), imported "Pansy, "by
" Blaize " (76) .

" Primrose," by " Charles " (27) , by " Blyth

Comet" (85), by "Prince" (521), by "Patriot" (486), &c.

iVotes.—"Roan Duke" (10,783), by " 6th Duke of Thorn-

dale" (4,752), out of "Ada, 2d," by "4th Hiawatha"

(2,970), &c.

"Autocrat, 2d" (5,335), by "Marmion" (1,843), [he by

"Duke of Gloster" (11,382), out of " Zoe," by "5th Duke

of York" (10,168),] out of "Tube Rose, 3d," by "3d Duke

of Cambridge" (5,941), &c.

"Brother Jonathan, 2d" (2,570), by "Friar John"
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(12,905), out of imported "Bianca," by "Minstrel"

(11,818), &c.

"Prince Leopold" (869), by "Meteor" (104), [he by

"Duke of Wellington" (3,654), out of "Duchess," by

"Duke of Northumberland " (3,647), gr. dam by "Belve-

dere" (1,706), &c] out of "Flora," by "Imperial"

(2,151), &c.

"Fourth Hiawatha" (2,970), by " Kirkleavington

"

(11,640), [he by "Duke of Wellington" (3,654), out of

"Lady Barrington, 3d," by "Cleveland" (3,407). "Lady

Barrington, 2d," by "Belvedere" (1,706), &c], out of

" Yarico, 4th," by "Prince Leopold" (869), &c.

The cows are handsome, thrifty animals. Tracing their

lineage through the most famous herds of America and Eng-

land, and having been bred and kept for dairy purposes, they

retain the milking properties, as well as the symmetry and

disposition to fatten when dry, for which the earlier Short-

horns were famous.

The Ayrshires

comprise three bulls and thirteen cows and heifers, all excel-

lent representatives of this hardy and valuable breed.

The Jerseys

consist of one bull and three females. The latter possess, in

a high degree, the deer-like beauty and butter-making facul-

ties for which the breed is celebrated.

The Britlanies.

These consist of a bull, "Merlin," bred on the farm; a

cow, "Pauline," bred by Hon. C. L. Flint, and presented by
William Knowlton, Esq., of Upton ; and a bull-calf, "Arthur,"

presented by Mr. Whittle, of the McLean Asylum, Somer-
ville, Mass., and are excellent specimens of this beautiful

and every way estimable little breed.

The Dutch or Holsteins

are represented by a bull, "Fourth Highland Chief" (14),
bred and presented by Winthrop W. Chenery, Esq., of Bel-

mont ; and a heifer, "Midwould, 19th," also bred by Mr.
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Chenery, and purchased for the College in 1873 ; both excel-

lent representatives of this very ancient and honorable race

of dairy cattle.

Swine,

The College has now twelve swine, four of each of the three

breeds,—Chester White, Berkshire and Essex.

Sheep.

The sheep consist of a Cotswold buck, of extraordinary

size and quality, bred and presented to the College l?y R. W.
Cameron, Esq., of Clifton, Staten Island, N. Y. ; and four

Cotswold ewes, from the imported flocks of Messrs. Cameron

and D. F. Appleton, of Ipswich, and one buck lamb, bred on

the farm.

Poultry.

The poultry-houses are well supplied with first-rate speci-

mens of Games, Gold-spangled Polands, Silver-spangled

Hamburghs, and White and Partridge Cochins, and in the

yards are fine Bronze Turkeys, Rouen Ducks and Pea Fowl.

Pigeons and Rabbits.

In the pigeon-loft are superior specimens of ten distinct

breeds, besides as many sub-varieties, and in a spare pigpen

is a colony of English lop-eared rabbits.

The poultry, pigeons and rabbits have been prosperous and

productive, and, besides being objects of much interest to

students and visitors, have served to illustrate and settle doc-

trines and questions relating to the laws of similarity and

variation, atavism, relative influence of parents, in-and-in

breeding and crossing, the effects of domestication, and the

tendency of animals to recur to feral instincts, especially in

the concealment and protection of their young, and other

interesting subjects connected with the study of animal phys-

iology, psychology and natural history generally.

The cattle were exhibited at the Hampshire cattle-show at

Amherst, but were not allowed to compete for premiums,

the society agreeing to furnish the students and faculty free

tickets instead.

At the exhibition of the Hampshire, Franklin and Hamp-
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den Society, at Northampton, we showed four animals, and

were awarded two first and one second premium.

The impression is becoming very general that the College

ought not to compete for premiums ; and out of deference to

this feeling, and in consideration of the fact that their stock

is always on exhibition, it does not seem desirable that the

College should carry the stock to the fairs, except occasionally,

as a grateful testimony to societies which have shown their

interest by endowing one or more scholarships.

The buildings have been fully described in former reports,

and no important alteration has been made in them during

the past year. By the increased productiveness of the farm,

they are now filled to their utmost capacity, and, with con-

tinued progress, an enlargement, or a resort to the European

system of stacking, will soon be necessary.

The teams consist of six excellent farm horses and five

bulls. The Jersey and Ayrshire bulls have been in the yoke

nearly every day since the ground settled -last spring, and
" Belvedere " and K Fourth Highland Chief" have done consid-

erable work in the tip-cart and the roller and on the harrow.
" Fourth Chief," especially, is a whole team. He was three

years old in May last, and weighs 2,400 pounds. We work

him in collar and harness, drive him with reins, and in many
places where horses would not work at all, he will walk with

a full load across the furrows as if he were drawing an empty

cart on a turnpike road.

As the students can only work in the intervals of their

studies, four intelligent, reliable men are employed to drive

the teams, and, with an old man and a boy, constitute the

regular working force on the farm. In harvest, and when

called upon to undertake extensive improvements, such other

help is employed as is necessary.

As heretofore, the work about the barns has all been per-

formed by students, and it gives me great pleasure to testify

to the uniform manliness, courtesy and intelligent interest

they have exhibited. Their skill and diligence are best shown

by their works, which have earned for them most gratifying

compliments from visitors, and have assisted very materially

in the success of the agricultural department. In the sum-

mer we commence work at five, and in the winter at six
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o'clock, a. m., and the milking, cleaning, carding, cutting

roots and fodder, cooking and feeding are performed, and the

barn all cleaned up ready for the inspection of visitors, before

the College exercises commence. The cattle are again let

out, the stables cleaned, and the cattle put up again, milked

and fed, between four and six o'clock, p. m., in the winter,

and between five and seven, in the summer. In addition to

this, many of the students have diligently assisted me when-

ever their studies would permit, in surveying, levelling and

planning work, in cutting brush, draining and building fences,

in haying and harvesting, and farm-work generally.

As class work, under the direction of Professors Stockbridge

and Maynard, they have done a very large amount of labor

in planting, cultivating and harvesting the crops, in draining,

in landscape gardening, and otherwise improving the estate,

which I presume those gentlemen will particularly report.

Summary.

In reviewing the experience of the past year, I submit'that

our circumstances during the spring and early summer were

perplexing and discouraging in a remarkable degree ; that by

diligence and perseverance, we overcame our difficulties as

far as it was possible to do so, and obtained good average

crops ; and that we have gratefully and zealously availed our-

selves of the favorable weather of the fall to secure the crops,

and to improve the appearance, productiveness and value of

the farm, both as an investment, and as a necessary and im-

portant part of the educational apparatus of the College.

I forward herewith a detailed statement of receipts and ex-

penses. A considerable saving of expense, and a proportion-

ate increase in money returns, might have been obtained, if

it had been possible or desirable for me to have devoted my
time and thought more exclusively to these objects ; but it is

claimed that, considering the difficulties of the soil and season,

the increase in the value of the farm and stock, the many
objects to which the farm and teams have been subservient,

that the management has been reasonably judicious, and has

been prompted by a careful regard to the permanent prosper-

ity of the farm and the institution generally.

In concluding this Report, I would distinctly disclaim the
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intention of practising or justifying any extravagant or un-

profitable outlay, or the neglect of careful economy in every

detail of farm management ; but it has seemed to me that a

certain standard of excellence in the condition and appearance

of the farm, the buildings and the stock is demanded, both

for the character of the College and the permanent utility and

profitableness of the farm ; and this standard I have diligently

sought to attain as quickly and economically as possible. By
the growth of the yearlings and two-year-olds, the farm, in

another year, wT
ill be well stocked with breeding animals of

pure breeds, high individual character and practical merit,

which it wrill be in a position to support in the best possible

condition, without any outlay whatever for grain or fertilizers,

and will then yield a satisfactory and constantly increasing

profit on the capital invested in it, besides fulfilling the im-

portant offices of instruction and example which are properly

expected of it.

The following is a list of the thoroughbred stock belonging

to the College :

—

Shorthorns.

Bull.—" Roan Regent." Cows.—" Yarico, 57th," " Bella Donna,"

"Peachbud, 8th," " Aurora, 4th," "Emma, 3d," "Autumn Lily,"

"Wistaria," "Lilian," "Bella Wilfer," "Yucatan," " Estella,"

" Mabel," " Isabelle," " Yucatella" and " Beatrice."

The pedigrees of all these animals are recorded in the " American

Shorthorn Herd-book."

Ayrshires.

Bulls.—" Lord Ronald," " Bonnie Doon," " Roy of Aldivalloch."

Cows.—"Beauty, 8th," "Lulie" (1,500), " Rosa" (1,780), "Beauty"

(870), "Emily, 4th," "Beauty, 11th," " Beauty, 12th," " Leilah,"

" Little Emily," " Beauty, 13th," " Beauty, 14th," " Emmeline."

These animals have all perfect pedigrees, and either are recorded

or will be recorded in the next volume of the "Ayrshire Herd-

book."

Jerseys.

Bull,—" Grand Duke " (408). Cows.—" Hattie " (977) ,
" Lady

Essex" (1,059), " Success" (1,254).

All recorded in the " American Jersey Herd-book."

Brittanies.

Bulls.—" Merlin," " Arthur." Cow.—" Pauline."

14
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Dutch or Holstein.

Bull.—" Fourth Highland Chief" (4) . Cow.—" Midwould, 19th."

Sheep.

One Cotswold ram, four Cotswold ewes, one Cotswold buck lamb.

Swine.

Four Chester Whites, four Berkshires, four Essex.

Poultry.

One hundred Games ; twenty Cochins ; ten Gold-spangled Po-

lands ; ten Silver-spangled Hamburghs ; nine Bronze turke}'s ; six

Rouen ducks ; sixty pigeons ; viz., Carriers, Pouters, Tumblers,

Fantails, Jacobins, Nuns, Archangels, Turbits, Trumpeters, Quak-

ers, Blue-rocks.
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TEUSTEES, OVEESEEBS, FACULTY AND STUDENTS.

BOARD OF TRUSTEES.

MEMBERS EX-OFFICIIS.

His Honor THOMAS TALBOT.
Col. WILLIAM S. CLARK, LL. D, President of College.

Hon. JOSEPH WHITE, LL. D., Secretary of Board of Education.

Hon. CHARLES L. FLINT, Secretary of Board of Agriculture.

MEMBERS BY ELECTION.

Hon. MARSHALL P. WILDER,
Hon. CHARLES G. DAVIS,
NATHAN DURFEE, M. D, .

HENRY COLT, Esq., .

Rev. CHARLES C. SEWALL,
PHINEAS STEDMAN, Esq,

Hon. ALLEN W. DODGE, .

Hon. GEORGE MARSTON, .

Hon. WILLIAM B. WTASHBURN,
Prof. HENRY L WHITING,
HENRY F. HILLS, Esq, .

Hon. DANIEL NEEDHAM,

.

WILLIAM KXOWLTON, Esq,
JOHN CUMMINGS, Esq, .

Boston.

Plymouth.
Fall River.

Pittsfield.

Medfield.

ClIICOPEE.

Hamilton.

New Bedford.

Greenfield.

Cambridge.

Amherst.

Groton.

Upton.

Woburn.

EXECUTIVE COMMITTEE.
President WILLIAM S. CLARK. Dr. NATHAN DURFEE.
Hon. JOSEPH WHITE. HENRY COLT, Esq.

PHLNEAS STEDMAN, Esq.

SECRETARY.
Hon. CHARLES L. FLINT, of Boston.

AUDITOR.
HENRY COLT, Esq , of Pittsfield.

TREASURER.
Dr. NATHAN DURFEE, of Fall River.
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ASSISTANT TREASURER.
GEORGE MONTAGUE, Esq., of Amherst.

BOARD OF OVERSEERS.
THE STATE BOARD OF AGRICULTURE.

EXAMINING COMMITTEE OF OVERSEERS.
Hon. P. A. CHADBOURNE, D. D, LL. D. THOMAS P. ROOT, Esq.

JOSEPH N. STURTEVANT, Esq.

MEMBERS OP FACULTY.
WILLIAM S. CLARK, Ph. D., LL. D,

President and Professor of Botany and Horticulture,

Hon. LEVI STOCKBRIDGE,
Professor of Agriculture,

HENRY II. GOODELL, M. A.,

Professor of Modern Languages.

CHARLES A. GOESSMANN, Ph. D.,

Professor of Chemistry.

HENRY W. PARKER, M. A.,

Professor of Mental, Moral and Social Science.

NOAH CRESSY, M. D.,

Professor of Veterinary Science.

WILLIAM B. GRAVES, M. A.,

Professor of Physics and Civil Engineering.

First Lieut A. II. MERRILL, First Art., U. S. A.,

Professor of Military Science and Tactics.

A. S. PACKARD, Jr., M. D. (State Entomologist),
Lecturer on Useful and Injurious Insects.

M. FAYETTE DICKINSON, Jr., Esq.,

Lecturer on Rural Law.

SAMUEL T. MAYNARD, B. S,
Gardener and Assistant Professor of Horticulture.

JOHN C. DILLON, Esq., Farm Superintendent.
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GEADUATES OF 1874.*

Benedict, John Mitchell,

Blanchard, William Henry, .

Chandler, Edward Phelps, .

Curtis, Wolfred Fletcher,

Hitchcock, Daniel Green,

Hobbs, Jojm Alden,

Libby, Edgar Howard, .

Lyman, Henry,

Montague, Arthur Huntington,

Phelps, Henry L3'man, .

Smith, Frank Stockbridge, .

Woodman, Edward Eastman,

Zeller, Harrie McKeen,

Total,

Bethel, Conn.

Putney, Vt.

Westborough.

Westminster.

Warren.

Northampton, N. H.

Ashland.

Middlefield, Conn.

South Hadley.

Southampton.

Springfield.

Dan vers.

Hagerstown, Md.

13.

SENIOR CLASS

Barrett, Joseph Francis,

Barri, John Atherton, .

Bragg, Everett Burt,

Brooks, William Penn,

.

Bunker, Madison,

Callender, Thomas Russell,

Campbell, Frederick George,

Clark, Xenos Young, .

Clay, Jabez William, .

Dodge, George Rufus, .

Hague, Henry,

Harwood, Peter Mirick,

Knapp, Walter Haydn,

Lee, Lauren Kellogg, .

Miles, George Melville,

Otis, Harry Preston,

Peabody, Cecil Hobart,

Barre.

Cambridgeport.

Amherst.

South Scituate.

Nantucket.

Northfield.

W. Westminster, Vt.

Amherst.

Westminster, Vt.

Hamilton.

Lonsdale, R. I.

Barre.

Boston.

Shrewsbury.

Westminster.

Northampton.

Amherst.

* The annual report being made in January, necessarily includes parts of two academic

years, and the catalogue gives the names of such students as have been connected with the

College during any portion of the year 1874.
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Rice, Frank Henry, . Barre.

Southwick, Andre Arnold, . . Mendon.

Winchester, John Frost, . Peabody.

Total, . 20.

JUNIOR CLASS.

Bagle}r

, David Appleton, . Winchendon.

Chiekering, Darius Otis, . Enfield.

Deuel, Charles Frederick, . Amherst.

Graves, Louis Bertrand, . South Ashfield.

Guild, George William May, . New York City.

Hawley, Joseph Mather, . Salem, N. Y.

Ladd, Thomas Hemy, .... . Watertown.

Lawton, Charles Follen, . New Bedford.

Mann, George Hewins, . Sharon.

Martin, William Edson, . Haclley.

McConnel, George Washington, . . Lonsdale, R. I.

McLeod, William Alexander, . Lonsdale, R. I.

Naito, Saitaro, .... . Chiyoshiu, Japan

Parker, George Lowell, . Dorchester.

Porter, William Henry, . Hatfield. •

Rogers, Mulford Thacher, . Watertown.

Root, Joseph Edward, . . Barre.

Sears, John Milton, . Ashfield.

Taft, Cyrus Appleton, . . Whitinsville.

Urner, George Peter, . . Elizabeth, N. J.

Wetmore, Howard Graham, . . New York City.

Williams, John Elgin, . . South Amherst.

Total, .... . 22.

SOPHOMORE C3LASS.

Bellamy, John, .... . Boston.

Benson, David Henry, . . Bridgewater.

Brewer, Charles, .... . Pelham.

Clark, Atherton, .... . Amherst.
'

Dickinson, Walter Mason, . . Amherst.

Goodrich, Wilbur Francis, . . East Cambridge.

Hibbard, Joseph Robinson, . . Chester, Vt.

Moore, Frank Lester, . . Framingham.
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Nye, George Everett,

Paige, Harrie Cruse,

Palmer, Frank Waldo,

Parker, Henry Fitch,

Phelps, Charles Herbert, .

Pixley, Martin Shaw,

Porto, Raymundo,

Southmayd, John Edwards.

Southworth, Charles Heyward,
Urner, Frank Gordon,

Wilson, Alvin Robert,

Wuyesugi, Tall Katuyoshi,

Wyman, Joseph,

Total, .

Sandwich.

Tarrytown, N. Y.

Amherst.

Amherst.

South Framingham.

West Hawle}r
.

Para, Brazil.

Middletown, Conn.

Springfield.

Elizabeth, N. J.

South Hadley.

Tokeio, Japan.

Arlington.

21.

FRESHMAN CLASS.

Allen, Matthew Joseph,

Baker, David Erastus,

Boutwell, Willie Levi,

Brigham, Arthur Amber,

Carneiro, Manuel Dias,

Choate, Edward Carlile,

Coburn, Charles Francis,

Collum, George Newell,

Cooley, Silas Rose, .

Foote, Sandford Dwight,

Hall, Josiah Newhall,

Howe, Charles Sumner,

Hubbard, Henry Francis,

Humphrey, George Eddy,

Hunt, John Franklin,

Loomis, Francis Eugene,

Lovell, Charles Otto,

Morey, Guy, .

Nims, Luther, .

Spofford, Amos Little,

Stockbriclge, Horace Edward,

Taylor, Henry Morgan,

Tuckerman, Frederick,

Washburn, Hosea, .

Total, .

Marion.

Franklin.

Leverett.

Marlborough.

Rio de Janeiro, Brazil.

Cambridge.

Lowell.

Hartford, Conn.

North Hadley.

Springfield.

Revere.

A}Ter Junction.

NewRochelle, N. Y.

Rochester.

Sunderland.

North Amherst.

Amherst.

Lowell.

Woodlawn, N. C.

Georgetown.

Amherst.

Boston.

Boston.

Bridgewater.

24.
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ELECT CLASS

Anger, Charles Parmelee,

Ball, Gilman Kimball,

Barstow, William Hale,

Bond, Henry, .

Darling, Ira C,
Davis, George Williams,

Goss, Frank Washington.

Gunn, Willie Bradford,

Holmes, Harry Hawley,

Howe, Waldo Vernon,

Jackson, Henry Stranahan

Kendall, Hiram,

Mildeberger, Victor, .

Mills, James Kellogg, Jr.,

Parker, George Amos,

Piatt, William Davenport,

Potter, William Stiles,

Smith, Thomas Edwin,

Walker, James B., .

Total, .

Middletown, Conn.

Holyoke.

Haverhill, N. H. .

Ware.

Pawtucket, P. I.

West Stafford, Conn.

Lancaster.

Sunderland.

Greenwich, N. Y.

Framingham.

Orange, N. J.

Watertown.

New York City.

Springfield.

Gardner.

Baltimore, Md.

La Fa}7ette, Ind.

Chesterfield.

Springfield.

19.

RESIDENT GRADUATES.

Penhallow, B. S., David Pearce, Portsmouth, N. H
Wellington, B. S., Charles, Amherst.

Total, . . . . .'. 2.

SUMMARY.

Graduates of 1874, 13

Resident Graduates, 2

Seniors, ..... 20

Juniors, ..... 22

Sophomores, 21

Freshmen, 24

Select, 19

Total, 121

15
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COURSE OF STUDY AND TRAINING.

Freshman Year.

First Term.—Chemical Physics, 5 hours each week ; Human
Anatomy, Physiology and Hygiene, 3 hours ; Algebra, 5 hours

;

English, 2 hours ; Agriculture, 3 hours ; Declamation, 1 hour

;

Free-hand Drawing, 2 hours ; Military Drill, 4 hours ; Manual

Labor, 6 hours.

Second Term.—Inorganic Chemistry, 4 hours ; Human Anatomy,

Physiology and Hygiene, 3 hours ; Geometry, 5 hours ; Agricult-

ure, 4 hours ; English, 2 hours ; Elocution, 1 hour ; Free-hand

Drawing, 4 hours ; Military Drill, 4 hours.

Third Term.—Organic and Practical Chemistry, 8 hours ; Geom-
etry, 4 hours ; French, 5 hours ; Elocution, 1 hour ; Agriculture, 2

hours ; Military Drill, 4 hours ; Manual Labor, 6 hours.

Sophomore Year.

First Term.—Agricultural and Analytical Chemist^, 8 hours

each week ; Analytical Geometiy, 4 hours ; French, 5 hours ; Agri-

culture, 2 hours ; Declamation, 1 hour ; Militar}^ Drill, 4 hours

;

Manual Labor, 6 hours.

Second Term.—Quantitative Chemical Analysis, 7 hours ; Trigo-

nometry, 5 hours ; French, 4 hours ; Agriculture, 4 hours ; Decla-

mation, 1 hour ; Military Drill, 4 hours.

Third Term.—Zoology, 5 hours ; Surveying, 5 hours ; Agricult-

ure, 2 hours ; English, 3 hours ; Declamation, 1 hour ; Drawing, 4

hours ; Military Drill, 4 hours ; Manual Labor, 6 hours.

Junior Year.

First Term.—German, 5 hours each week ; Mechanics, 5 hours
;

Entomology and Zoology, 3 hours; Market Gardening, 2 hours;

Levelling and Drawing, 5 hours ; Military Drill, 3 hours ; Manual

Labor, 6 hours.

Second Term.—German, 4 hours ; Physics, 5 hours ; Botany, 4

hours ; Microscopy, 2 hours ; Drawing, 4 hours ; Agricultural De-

bate, 1 hour ; Military Drill, 4 hours.
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Third Term.—German, 4 hours ; Astronomy, 4 hours ; Botany,

4 hours ; Topographical Surveying, 4 hours ; Stock and Dairy

Farming, 2 hours ; Military Drill, 4 hours ; Manual Labor, 6 hours.

Senior Year.

First Term.—English Literature, 4 hours each week ; Botany, 2

hours ; Veterinary Science, 3 hours ; Book-keeping, 2 hours ; Roads

and Railroads, 5 hours ; Drawing, 2 hours ; Original Declamation,

1 hour ; Military Drill, 3 hours.

Second Term.—English Literature, 4 hours ; Mental Science, 4

hours ; Arboriculture, 2 hours ; Veterinary Science, 3 hours .; Draw-

ing, 4 hours ; Military Drill, 4 hours.

Third Term.—Veterinary Science, 3 hours ; Geology, 3 hours

;

Landscape Gardening, 2 hours ; Rural Law, 1 hour ; Lectures on

English Language, 2 hours ; Agricultural Review, 4 hours ; Military

Drill, 4 hours.

Instruction is largety given by lectures and practical exercises,

but the following text-books are recommended for recitation or

reference.

Botany and Horticulture.

Gray's Lessons, Manual, and Botanical Text-book.

Masters' Henfrey's Elementary Course of Botany.

Berkeley's Introduction to Cryptogamic Botany.

Cooke's Microscopic Fungi.

Carpenter's The Microscope and its Revelations.

Flint's Grasses and Forage Plants.

Downing's Fruits and Fruit-Trees of America.

Thomas' American Fruit Culturist.

Strong's Grape Culture. 1

Henderson's Practical Floriculture.

Fuller's Forest Tree Culturist.

Hoope's Book of Evergreens.

Williams' Choice Stove and Greenhouse Plants.

Helmsley's Hand-book of Hardy Trees, Shrubs and Herbaceous

Plants.

Loudon's C}xlop8edia of Plants.

Lindley and Moore's Treasury of Botany.

Kemp's Landscape Gardening.

Downing's Landscape Gardening.

Agriculture.

Johnson's How Crops Grow.

Johnson's How Crops Feed.
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Pendleton's Scientific Agriculture.

Hyde's Lowell Lectures on Agriculture.

Liebig's Natural Laws of Husbandly.

French's Farm Drainage.

Flint's Milch Cows and Dairy Farming.

Sturtevant's The Dairy Cow— Ayrshire.

Waring's Handy-book of Husbandry.

Henderson's Gardening for Profit.

Donaldson's British Agriculture.

Morton's Cyclopaedia of Agriculture.

Low's Domesticated Animals.

Flint's Eeports on the Agriculture of Massachusetts.

Agricultural Gazette and Gardeners' Chronicle, London.

Chemistry and Geology.

Watt's Fownes' Manual of Elementaiy Chemistry.

Sibson's Agricultural Chemistry.

Caldwell's Agricultural Chemical Analysis.

Nason's Woehler's Chemical Analysis.

Wills' Analytical Chemistry.

Johnson's Presenilis' Qualitative and Quantitative Anatysis.

Liebig's Ernahrung der Pflanzen.

Wolff's Landwirthschaftliche Analyse.

Hoffmann's Ackcrbau Chemie.

Watt's Chemical Dictionary.

Dana's Mineralogy.

Hitchcock's Geology.

Dana's Text-book and Manual of Geolog}T
.

VETERINARY SCIENCE AND ZOOLOGY.

Fleming's Chauveau's Comparative Anatomy of Domesticated

Animals.

Dalton's Human Physiology.

Cleland's Animal Physiology.

Williams' Principles of Veterinary Surgery.

Williams' Principles of Veterinaiy Medicine.

Gamgee's On Horse-shoeing and Lameness.

Gamgee's Domestic Animals in Health and Disease.

Armitage's Clater's Cattle Doctor.

Youatt's Treatises on the Domestic Animals.

Blaine's Veterinary Art.

Morton's Manual of Pharmacy.

Wood and Bache's United States Dispensatory.

Harbison's Elementary Zoology.
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Lankester's Advanced Zoology.

Packard's Guide to the Study of Insects.

Harris' Insects Injurious to Vegetation.

"VVestwood's Principles of Classification of Insects.

Baird's Mammals of North America.

Murray's Geographical Distribution of Mammals.

Samuels' Birds of New England.

Cobbold's Entozoa.

Denney's Parasitic Insects.

Moquin-Tondon's Manual of Medical Zoology.

Mathematics, Physics, and Civil Engineering.

Olney's Algebra, Geometry, and Trigonometry.

Gillespie's Surveying.

Gillespie's Roads and Railroads.

Atkinson's Ganot's Physics.

Peabody's Astronomy.

Loomis' Meteorology.

Military Science and Tactics.

Upton's Tactics for Infantry.

Artillery Tactics for U. S. Army.

Mahan's Field Fortifications.

Halleck's International and Military Law.

Regulations of U. S. Army.

History of the War of the Rebellion.

English, French and German.

Hart's Composition.

Fowler's English Grammar.

Shaw's Complete Manual.of English Literature.

Chambers' Cyclopaedia of English Literature.

Morley's English Writers.

Taine's History of English Literature.

Languillier and Monsanto's French Grammar.

Spier and Surenne's French Dictionary.

Glaubensklee's German Grammar.
Adler's German Dictionary.

The French and German books for translation are changed every

year, selections being made from recent literary and scientific pub-

lications.

Mental, Moral and Social Science.

Haven's Mental Science.

Hickok's Empirical Psychology.
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Porter's Elements of Intellectual Science.

Seelye's Schwegler's History of Philosophy.

Haven's Moral Philosophy.

Hickok's Moral Science.

Hopkins' Law of Love and Love as Law.

Chadbourne's Natural Theology.

Walker's Science of Wealth.

Perry's Political Economy.

Carey's Principles of Social Science.

Stirling's Bastiat's Harmonies of Political Economy.

CALENDAR FOR 1875.

The third term of the collegiate year begins March 25th, and

continues till June 23d.

The first term begins August 2Gth, and continues till the Wednes-

day before Thanksgiving.

The second term begins December lGth, and continues till March

15th, 1876.

There will be -an examination of candidates for admission to the

College, at the Botanic Museum, at 9 a. m., Tuesda}T
, June 22d,

and also on Thursday, August 2Gth.

The Farnsworth Prize Declamations take place Monda}^ evening,

June 21st.

The public examination of the graduating class for the Grinnell

Prize for excellence in Agriculture, and the examination of the

other classes in the studies of the term, will take place on Tuesday

forenoon, June 22d.

The Address and Poem before the 'Literary Societies will be

delivered on Tuesda}r afternoon.

The exercises of Graduation Day occur June 23d.

There will be a session of the State Board of Agriculture at the

College, June 22d and 23d.

ADMISSION
Candidates for admission to the Freshman Class are examined,

orally and in writing, upon the following subjects : English Gram-

mar, Geograplry, Arithmetic, Algebra through simple equations,

and the History of the United States.

Candidates for higher standing are examined as above and also



1875.] SENATE—No. 99. 119

in the studies gone over by the class to which they may desire

admission.

No one can be admitted to the College until he is fifteen years of

age, and every student is required to furnish a certificate of good

character, from his late pastor or teacher, and to give security for

the prompt payment of term bills. Tuition and room-rent must be

paid in advance, at the beginning of each term, and bills for board,

fuel, etc., at the end of every term.

The regular examinations for admission are held at the Botanic

Museum, at 9 o'clock, a. m., on Tuesda}T
, June 22d, and on Thurs-

day, August 26th ; but candidates may be examined and admitted

at any other time in the year.

Further information may be obtained from President W. S. Clark,

Amherst, Mass.

EXPENSES
Tuition, $25 00 per term.

Room-rent, $5 00 to 10 00 "

Board, 3 50 per week.

Expenses of Chemical Laboratory to Stu-

dents of Practical Chemistry, . . . 10 00 per term,

Public and private damages, including value

of chemical apparatus, destroyed or in-

jured, . . . . . . . at cost.

Annual expenses, including books, . . $300 00 to $350 00

REMARKS
The regular course of study occupies four years, and those who

complete it receive the degree of Bachelor of Science, the diploma

being signed by the Governor of Massachusetts, who is president of

the corporation.

The Trustees of the College have recently entered into the fol-

lowing agreement with the corporation of Boston University, viz. :

—

Proposed Articles of Agreement between the Trustees of the
Massachusetts Agricultural College and the Trustees of
Boston University.

I. The College on its part agrees :

—

1. That matriculants in Boston University desiring to pursue any

regular or special course of instruction presented in the Massachu-
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setts Agricultural College shall be at liberty to do so on the same

terms and conditions as. other persons, and on completing the course

to the satisfaction of the authorities of both institutions, shall be

entitled to take their appropriate degree, either at the hands of the

College, or from the University, or both, as the}^ niay prefer.

II. The University on its part agrees :

—

*

1. That so long as this agreement is found satisfactory, it will

refrain from organizing an independent College of Agriculture, and

will give its cordial support and influence to the building up of the

Massachusetts Agricultural College.

2. It will, by its annual circulars and official correspondence,

publicly and privately, recommend those seeking an agricultural

education to resort for it to the Massachusetts Agricultural Col-

lege, and will publish in connection with its annual catalogue such

statements of the advantages of the College as may be agreed upon

by the Presidents of the two institutions.

III. Both parties further agree :

—

1. That to promote a good understanding, each corporation,

whenever it ma}' desire, shall have the privilege of representing its

interests by a duly accredited officer or committee in the business

meetings of the other.

2. That either party to this agreement shall have power to ter-

minate it, at the close of any scholastic 3
Tear, by giving notice of

such desire and intent one 3
Tear previously.

Under this arrangement, all students who desire it may become

members of the University and receive its diploma in addition to

that of the College.

The instruction in the languages is intended to qualif}T the grad-

uates to write and speak English with correctness and effect, and to

translate German and French with facility. The scientific course is

as thorough and practical as possible, and every science is taught

with constant reference to its application to agriculture and the

wants of the farmer.

The instruction in agriculture and horticulture includes every

branch of farming and gardening which is practised in Massachu-

setts, and is both theoretical and practical. Each topic is discussed

thoroughly in the lecture-room, and again in the plant-house or field,

where every student is obliged to labor. The amount of required

work, however, is limited to six hours per week, in order that it
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may not interfere with stucty. Students are allowed to do additional

work, provided they maintain the necessary rank as scholars. All

labor is paid at the rate of ten to twenty cents per hour, according

to its value. •

Indigent students are allowed to do such work as may offer about

the College and farm buildings, or in the field, but it is hardly pos-

sible for one to earn more than from $50 to $100 per annum besides

performing other duties. So far as is consistent with circumstances,

students will be permitted to select such varieties of labor as they

may for special reasons desire to engage in.

The State Board of Agriculture unanimously voted at their last

annual meeting that every Agricultural Society receiving the

bounty of the Commonwealth be urged to maintain at least one

scholarship at the College, and to secure the attendance of one or

more students. The Trustees also voted at their annual meeting

to authorize the Executive Committee to remit the tuition of

such worthy students as were unable to pay it.

Those who pursue a select course attend recitations and lectures

with the regular classes ; but those properly qualified, who desire

special instruction in chemistry, civil engineering, veterinary science,

agriculture or horticulture, may make private arrangements with

the officers having charge of these departments.

An expenditure of from $10 to $50 is necessary to provide furni-

ture, which may be purchased at reasonable rates, either new or

second-hand. At the beginning of the second term of attendance,

every student is required to provide himself with the full uniform

prescribed for the battalion of Agricultural Cadets.

On Sundays, students are expected to attend the chapel service

and Bible class, which are conducted by the Professor of Moral

Science. While the Bible is made the basis of all religious instruc-

tion, everything of a denominational character is as far as practi-

cable avoided.

Students may, upon the written request of their parents or guar-

dians, be excused from these exercises to attend services in one of

the churches of the town, but, for obvious reasons, it is very unde-

sirable that such requests be made.

REGULATIONS.
1. Students are specially forbidden to combine together for the

purpose of absenting themselves from any required exercise, or

violating any known regulation of the College.

16
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2. The roll shall be called five minutes after the ringing of the

bell for each exercise of the College hy the officer in charge, unless

a monitor be employed, and students who do not answer to their

names shall be marked absent, provided that any student coming in

after his name has been called shall be marked tardy. Two tardi-

nesses shall be reckoned as one absence.

3. Absence from a single exercise may be allowed or excused by

the officer in charge of the same ; but permission to be absent from

several exercises must be obtained from the general excusing officer

or from the president. In such cases, the officer excusing will fur-

nish a certificate of excuse, which shall state the precise time for

which absence is permitted, and which shall be a satisfactory reason

for absence from all exercises occurring within the time specified.

4. Absence without permission obtained beforehand will not be

excused by any member of the faculty, except on the presentation

of a satisfactoiy excuse written upon the prescribed blank form.

Excuses must be rendered to the officer in charge of the exercise

from which the student was absent ; except that when the absence

ma}T include two or more days, the excuse may be rendered to the

president, whose approval shall be deemed sufficient for all absences

specified therein. Excuses must be rendered promptty ; no officer

will be expected to receive an excuse after one wTeek has elapsed

from the end of the absence, if there has been an opportunity for

presentation. Excuses deemed satisfactory will be returned to the

student with the indorsement of the approving officer. Excuses

deemed insufficient will be retained and referred to the faculty for

their decision.

5. For every absence for which no excuse may be offered, or, if

offered, shall be deemed insufficient by the faculty, the absentee

shall be charged with a fine of one dollar upon the treasurer's

accounts, and no student may enter upon the duties of a term, or

receive an honorable discharge, certificate of attendance, or diploma,

until all fines previous!}7 incurred are paid.

6. Whenever the aggregate number of unexcused absences in all

departments reaches five, the student so delinquent shall be informed

of the fact. When the number of such absences reaches eight, the

parent or guardian of the student shall be informed of his delin-

quency ; and when ten such delinquencies are justly recorded against

any student, his connection with the College may be terminated.

7. Students are forbidden to absent themselves without excuse

from the regular examinations, to give up any study without per-

mission from the president, or to remove from one room to another

without authority from the officer in charge of the dormitory

buildings.
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8. The record of deportment, scholarship and attendance will be

carefully kept ; and, whenever the average rank of a student for

any term falls below fifty, he will not be allowed to remain a mem-

ber of the College, except by a special vote of the faculty. Admis-

sion to the College and promotion from class to class, as well as to

graduation, are granted only by vote of the faculty.

9. Students are required to abstain from ever3Tthing injurious to

the buildings and other property of the College, and in all respects

to be gentlemen.

10. Students will not be excused from regular duty to engage in

boating.

BOOKS, APPARATUS, AND SPECIMENS IN NATURAL
HISTORY.

The library of the College contains about 1,500 volumes. Among
them are several valuable sets of cyclopaedias, magazines and news-

papers, reports of agricultural societies and state boards of agricult-

ure, and many standard works on agriculture and horticulture.

There are many useful works of reference in chemistry, botany,

surveying and drawing. The larger part of the books has been

presented to the institution by private individuals.

The faculty and students also have the privilege of drawing

books from the excellent library of Amherst College, which con-

tains nearly 30,000 volumes.

The state cabinet of specimens, illustrating the geology and

natural history of Massachusetts, has been removed from Boston to

the College, and is of much value for purposes of instruction.

The Knowlton herbarium contains more than 10,000 species of

named botanical specimens, besides a large number of duplicates.

The botanic museum is supplied with many interesting and useful

specimens of seeds, woods and fruit models. There is also a set of

diagrams illustrating structural and systematic botany, including

about 3,000 figures.

About 1,000 species and varieties of plants are cultivated in the

Durfee Plant-house, affording much pleasure and information to

students of both Colleges.

The very extensive, and in many respects unsurpassed, collections

in geology, mineralogy, natural history, ethnology and art, belong-

ing to Amherst College, are accessible to members of the Agricult-

ural College.

The chemical, engineering and military departments of the Agri-

cultural College are well furnished.
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The armory contains two brass pieces of artillery, fifty sabres,

and one hundred and fifty breech-loading rifles.

FARNSWORTH RHETORICAL MEDALS.

Isaac D. Farnsworth, Esq., of Boston, has generously provided a

fund of $1,500, the income of which is to be used for the purchase

of gold and silver medals, to be annually awarded, under the direc-

tion of the College faculty, for excellence in declamation.

GRINNELL AGRICULTURAL PRIZES.

Hon. William Claflin, of Boston, has given the sum of $1,000 to

establish a fund for the endowment of a first prize of $5.0, and a

second prize of $20, to be called the Grinnell Agricultural Prizes,

in honor of George B. Grinnell, Esq., of New York. These prizes

are to be paid in cash to those two members of the graduating class

who may pass the best oral and written examination in Theoretical

and Practical Agriculture.

HILLS BOTANICAL PRIZES.

For the best herbarium, collected by a member of the class of

1876, a prize of $15 is offered, and for the second best, a prize of

$10 ; also a prize of $5 for the best collection of woods.
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FINANCIAL STATEMENT,
January 1, 1875.

REAL ESTATE.

College Farm and Quarry, . f37,500 00

South College, 36,000 00

North College, 36,000 00

College Hall, 30,000 00

South Boarding-house, . 8,000 00

North Boarding-house, 8,000 00

Durfee Plant-house, 12,000 00

Botanic Museum, . . . . • . . . . . 5,000 00

South Barn, • . 14,500 00

Farm-house, 4,000 00

Four Dwellings and Barns purchased with the estate, . . 9,000 00

Total Real Estate, $200,000 00

FARM STATEMENT.

Value of Live-stock, $11,560 00

of Vehicles and Implements, . . . , . . 2,840 00

of Produce on hand 5,736 00

$20,136 00

Total credits of Farm, including property inventoried Jan.

1, 1875, credit for labor performed in grading, etc., and

receipts from sales of live-stock and produce, . . . 24,553 00

Total debits of Farm, including property inventoried Jan.

1, 1875, and all expenditures for live-stock, labor, imple-

ments, repairs, seeds, fertilizers, etc., .... 24,286 60
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FUND FOR MAINTENANCE OF THE COLLEGE,

In Charge of the State Treasurer.

Agricultural College Fund.

Cash balance on hand, January 1, 1875, $10,000 00

Present investments :

—

City of Salem bonds, $55,000 00

of Lynn bonds, .... 25,000 00

of Chelsea notes, .... 25,000 00

of Fall River notes, 50,000 00

Town of Milford bonds, 14,200 00

of Plymouth notes, 6,724 65

of Brighton notes, . .... 10,000 00

of West Ro^bury notes, 70,000 00

of Westborough notes, 12,000 00

of Lee notes, .... 4,142 75

County of Hampden notes, 50,000 00
i 322,067 40

Massachusetts Troy & Greenfield Railroad

bonds, $8,000 00

Massachusetts Bounty Loan bonds, 16,000 00

24,000 00

State of Maine bonds, .... 4,000 00

Total Fund, $360,067 40

Two-thirds of the income of this fund is by law paid to the treasurer

of the College, and one-third to the treasurer of the Institute of Tech-

nology.

The Hills Fund of $10,000, for the maintenance of the Botanic Garden,

is in charge of the College treasurer, and at present yields an income of

$500.

To this sum should be added the receipts of tuition and room-rent,

amounting to $100 per annum for each scholar, and the receipts from the

sale of the products of the farm and garden.
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SUMMARY OF METEOROLOGICAL OBSERVATIONS

For the Year 1874,

TAKEN AT AMHERST, MASS.,

By Professor E. 8 8NELL, LL.D., of Amherst College.

Latitude, 42° 22' 17". Longitude, 72° 34' 30". Elevation above the sea level, 267 feet.

17
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