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ANNUAL REPORT OF THE TRUSTEES

MASSACHUSETTS AGRICULTUEAL COLLEGE.

To the Honorable Senate and House of Representatives.

Since making our last report to your honorable body,

there has passed away one who, from his long connection

with the college and his intimate relations to the agriculture

of the State, deserves more than a passing notice.

As secretary of the Board of Agriculture, trustee and

president of the Agricultural College, and author of various

standard works on agricultural topics, the name of Charles

Louis Flint* will long be remembered and revered. When,
in 1852, a State Board of Agriculture was created, he was

appointed its first secretary, and for nearly thirty years held

that important office, issuing annual reports which have

served as models in other States, and for which there is still

a constant demand. When, in 1863, the Board of Trustees

of the Agricultural College was formally organized, he was
elected its secretary, and continued thereafter for twenty-two

years to perform his duties. When, in 1879, William S.

Clark resigned the presidency of the college, Mr. Flint

reluctantly consented to assume its responsibilities, and for

a year, during perhaps the most stormy period of its exist-

ence, guided it in safety through the troubled waters. He
believed in the college most thoroughly, and emphasized his

* Died Feb. 26, 1889, at Hillman, Ga.
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convictions by both precept and example, sending to it his two

sons for education. Through all the vicissitudes of its earlier

years he was its firm friend, and to him it is deeply indebted

for advice and services. He gave it his best efforts, and he

gave them cheerfully. A lecturer at the college, without

compensation, he presented the individual members of its

first classes with copies of each of his works on " Milch

Cows" and " Forage Plants ;
" a president, without pay, he

gave his services without a murmur, asking for no reward

save that arising from the consciousness of having performed

his duty ; and in almost the last years of his life he gave a

substantial token of his interest, subscribing a thousand dol-

lars to the permanent library fund of the college.

Farm Report.

Under the careful supervision of the professor of agricult-

ure, the work of alteration and improvement of the buildings

and farm has steadily gone on, and the various sums appro-

priated by the General Court for that purpose have been

entirely expended. The manner in which this has been done,

and the general operations of the past year, together with

the condition of the college herd, is clearly set forth in the

report of Professor Brooks, which I herewith submit :
—

On assuming charge of the agricultural department in the col-

lege last January, I found preparations for the next season's

crops already measurably advanced, as of course they should be

on every well-managed farm by that season ; and, on looking over

the ground, I did not consider many changes feasible nor indeed

desirable. The best possible under the circumstances had been

done. About twenty-five acres of land, in two lots respectively of

eight and seventeen acres, in the old pasture, had been broken up

in the fall, and already partially manured for field and fodder

corn, and potatoes. No winter grain had been sown, and there

was no stubble land not sown to grass. The necessity of pastu-

rage for our large herd of cattle and flock of sheep, and the unde-

sirability of breaking up any land in front of the college buildings,

closely restricted me in the selection of additional land for cultiva-

tion. Under these conditions, then, our work was begun.

Our crops were few in number; viz., corn, potatoes, fodder

corn, beets and hay.
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Corn. — About fifteen acres of the roughest and in many
respects the poorest part of the old pasture west of the ravine

was selected for this crop. As stated, this had been ploughed the

preceding fall, but quite imperfectly, on account of the stumps

and boggy places. Indeed, near the stream was a large area

hardly half of which could be planted. The actual area under

cultivation could not have been over twelve acres, and was prob-

ably less. The greater part of this received barnyard manure at

the rate of about five cords per acre, spread as drawn, and mostly

on the snow. The land was thoroughly worked in the spring with

disc harrows, and about one-third of it (the smoothest) planted in

drills three and one-half feet apart, with an old corn planter ; the

balance was planted by hand, in drills about three feet apart each

way. The variety was an eight-rowed yellow flint corn. Very

little hand-hoeing was done. Most of the land was low and natu-

rally wet, and the season— as is well known— was rainy. Yet

the crop was fair in amount, and of excellent quality. It

amounted to about five hundred bushels of shelled grain and about

twenty-five tons of stover.

Potatoes. — Two acres of the highest and driest portion of the

old pasture lot where we had our corn was taken for potatoes.

The soil is a fine alluvial sand, and very light. It was prepared

in the same manner as the corn land ; but, in addition to the barn-

yard manure, a part of the potatoes received a light sprinkling of

wood ashes in the row. The growth was good until the tubers

were about half grown, when the tops blighted. There was but

little actual rot ; but the yield was not half what it should have

been, amounting to only two hundred bushels of merchantable

tubers and about fifty bushels of small ones.

Fodder Corn.— About eight acres in the south-eastern corner

of the old pasture was taken for this crop. Much of the land was

cold, heavy and wet. It had been ploughed well the previous

autumn, and received barnyard manure at the rate of about nine

cords to the acre. This was spread on during the winter and

spring, and thoroughly worked in with a disc harrow. A favor-

able time enabled us to prepare the field well, and the seed was

very satisfactorily planted, in drills three feet apart, with an
" Eclipse Corn Planter." The variety was an eight-rowed yellow

flint, such as is commonly cultivated for field corn in this vicinity.

I believe that experience has demonstrated the superiority of

thinly planted, well-manured fodder over the crowded and imma-

ture article commonly grown. The bulk is less, but the percent-

age of nutriment is far greater ; and, on equal areas, at least equal

food value is produced. The stalks in our rows averaged about
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two and one-half to the foot ; and, on all parts of the field dry

enough for the crop, they averaged fully eight feet high, and

every one bore a good large ear. The crop on about three-fourths

of the field was good ; on the other fourth it was drowned out.

This field was seeded to grass in August, and a fine catch was

secured.*

The corn was allowed to stand until the ears were glazed. It

was then cut up, and most of it allowed to wilt slightly before it

was hauled and put into the silos. We used a " Lion Fodder

Cutter," run by a six and one-half horse-power engine, and got in

the entire crop in four days. The silage is estimated at eighty

tons. The fodder was cut into three-eighths to one-half inch

lengths, and kept level without much treading except around the

edges. It was covered first with about a foot of cut straw, then a

layer of tarred building paper, then planks, and on the planks

about one foot of sand was placed. These silos have not yet been

opened, as we are still feeding beets.

Oats.— Eight acres of mowing, west of the dormitories, drill

hall and barn, were broken up for this crop. The field was

ploughed and harrowed in the ordinary way, and received no

manure. Seed of two varieties— Black Tartarian and Early Race

Horse—was procured and sown (by hand) broadcast, at the rate

of two and one-half bushels per acre. The crop made a fine

growth ; but the season was so unfavorable that it rusted, and was

nearly a total failure. Less than one hundred bushels of very

poor oats, and eight tons of straw, were secured.

Beets.— Two acres next east of the oats were selected for this

crop. The land was grass, which of course made preparation for

such a crop as beets difficult. Such land would not have been

taken had anything cultivated last year been available ; but there

was absolutely nothing. We first ploughed, and then spread barn

cellar manure over one-half of the piece, and manure from our

sheep pen on the other. These manures were applied at the rate

of about ten cords per acre, and thoroughly fined and worked in

with harrows. The seed was sown with a Matthews seed sower,

and by great care was got in so that we had a full and perfect

stand. Up to about the middle of August the growth was un-

usually fine ; then the leaves became somewhat affected with

blight, and the growth of the roots was checked. They partially

recovered later, but the roots were doubtless considerably smaller

because of this attack. Our crop amounted to about fifty-five

tons of good solid roots.

Hay.— But a very small portion of our grass land was top-

dressed in preparation for this year's crop, and about thirt}T acres
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of it, a part of the old pasture, is newly seeded, and the catch, on

account of the excess of water, was poor in spots. The total area

gone over was ninety-five acres ; and the crop amounted to about

two hundred and seventy-five tons, which was secured in fair con-

dition, though later than usual.

Farm Stock.—We have acquired by purchase during the year

a fine Southdown ram, and a work horse required to make good

during the busy season the place of one of our team mares which

foaled in June. We have also received presents of two very fine

Jersey bulls, one a calf, the other a two-year-old, which will be

found mentioned among the gifts to the college. Besides the

ordinary percentage of increase in neat cattle, sheep and pigs, we
have this year had two fine Percheron colts,— one pure bred, the

other three-quarters blood ; and these are now fine blocky animals.

Our live stock at present consists of the following animals :
—

Horses. — One Percheron stallion, one Percheron mare, two

half-blood Percheron mares, three geldings and two colts.

Cattle.— Ayrshires, four males, nine females; Shorthorns,

three males, seven females ; Holstein-Friesians, six males, eight

females ; Jerseys, five males, eight females ; Guernseys, three

males, five females.

Southdown Sheep. — Four rams, six wethers and twenty-five

ewes.

Small Yorkshire Swine. — Five boars, thirteen sows and twenty-

three pigs.

With very few exceptions, all our cattle are registered or

eligible to registry. Most of the bulls of all breeds of cattle,

nearly all the rams and the boars, are young, and there is a

fair prospect of selling them at prices not high but tolerably

remunerative. All our animals, with few exceptions, are in a

very thrifty condition, and I consider the prospects for the com-

ing year good.

Equipment. — By the wise generosity of the State, we have

been enabled during the year to make several important additions

in this department, which, however, is still far from what it should

be. The additions are : two Concord wagons, a Dederick's Per-

petual Hay Press, a Lion Fodder Cutter, a Scientific Farm Mill, a

National Reversible Sulky Plough, an Eclipse Corn Planter and a

Missouri Grain Drill, besides the engine already mentioned.

Permanent Improvements.

The force of the farm and my own energies have during the

past year been largely employed in carrying out much-needed

permanent improvements, which in one branch are now measur-
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ably complete. While, naturally, there is still much to be done

on the farm, the buildings have been put into very fair order.

Building Improvements and Repairs.

These affected the dairy room, the barn sheds, main barn, barn-

yard, farm-house, and the water works ; and upon all these it has

been my aim to have the work done in the most substantial and

thorough manner.

Dairy Room. — This had been in such a condition for the last

year or so that it had been impossible to use it. The Cooley

creamer had been kept in the old engine room. The sills, floor

timbers and flooring of the room were rotten, the plastering broken

and stained, and the water supply so arranged that to keep from

freezing in severe weather it was necessary to allow the water to

run. The building has been resilled, the old floor taken out and

one of cement put in its place, the walls and ceilings have been

repaired, and both wood work and plastering have received two

coats of paint. Water has been taken into the house cellar, and

from thence supplies both the dairy room and house kitchen.

Sewer connections also have been established, so that waste water

from the dairy is carried away more directly than formerly. The

room is now an excellent one for the purposes for which it is

required.

Barn Sheds.— These were sadly out of repair, far more so,

indeed, than was suspected before the work began ; but a primary

object in view in beginning the work was to admit the sunshine

into the barnyard, which was almost completely shaded the greater

part of our short winter days. To do this it was necessary to

move the south shed. This structure was one hundred and

twenty-eight feet in length, and it contained on the first floor in

the east end a shed for teams of callers, and besides this four

horse stalls, a small carriage house, a small tool room, a sheep

pen and three hen houses ; moreover, a driveway from the barn-

yard passed through it. This building has been cut in two just

west of this driveway, the east end measuring fifty-six feet in

length. This end has been moved around and joined to the main

barn, in place of the small engine room which stood there, that in

turn having been moved and united with the part of the shed just

mentioned on its southern end. In this old engine room we now

have the open shed accommodation formerly afforded by the main

shed, while this shed now includes a commodious engine room,

six horse stalls, a harness room and three box stalls,— one for

the stallion and two for colts. The engine room is bricked up on

all sides, with a view to safety from fire and for warmth, and the
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floor is solidly cemented. Door and window casings and doors

are sheathed with galvanized iron. The engine, a Bookwalter six

and one half horse-power vertical boiler, is solidly set on stone

foundation. The horse stalls are fitted up with iron stable fix-

tures, with provisions for feeding both hay and grain from the

floor above, and the loose boxes are similarly fitted and provided.

On the floor above, conveniently located for feeding, a rat-proof

grain room has been built, aud provided with bins of about two

hundred bushels capacity. This second floor also provides large

storage room for hay. The remainder of the one hundred and

twenty-eight foot shed which stood south of the barnyard was

seventy-two feet long ; and it was moved directly west as it stood,

until its east end was flush with the east side of the shed which

stands west of the barnyard. The lay of the land was such that

the construction of a basement under the shed moved promised to

be easy ; and, as room for storage of vehicles and machinery was

much needed, it was decided to provide it in this way. This

basement is seventy-two by twenty-six feet, and eight feet high.

It opens by five pairs of folding doors nearly the full length on

the south side, and the floor which js on the same grade as the

carriage yard south of it is solidly cemented. On the first floor of

the shed proper we have a large tool room, a repair shop, a sheep

pen, and one large, loose box, which will be warmed by hot-water

pipes for hospital purposes. The second floor is to be used for

hay. In both parts of the shed moved a large part of the sills

and floor timbers were found rotten, and these were taken out and

new ones put in their places.

West Shed.— It was not anticipated that the work on this would

cost much ; but all the floor timbers, floors and sills required

replacing, and the work was expensive. This shed included six

pig pens, three loose boxes and a swill room. Besides these, the

whole of one end was used as a passage to and from the yard for

the cows and other cattle. The passage was put under this end

instead of through it ; and in its place, by encroaching slightly on

the swill room, a good loose box was secured. Under the swill

room we excavated a cellar for vegetables and heating apparatus,

as it is believed that it will pay to slightly warm the piggery in the

severest winter weather. Moreover, we want to be able to warm
a few box stalls. Besides this, the west wall of the piggery was

sheathed up on the inside, a layer each of building paper and

matched boards being used. This has always been exceedingly

cold in winter, but must now even without artificial heat prove

very much warmer. The old partitions, floors and troughs of the

pig pens were replaced with new, the swill room floor relaid, and
this room supplied with a sink.



14 AGRICULTURAL COLLEGE. [Jan.

The general result of our changes in these sheds may be thus

summed up : a gain of five loose boxes, three horse stalls, a

harness room, a repair shop, a grain room, the entire basement

and small cellar ; a further gain of one-fourth in the size of the

sheep pen, a tool room double the size of the old one, and a much
larger engine room ; and all at the expense simply of two drive-

ways through the sheds (now one better provided for and the

other unneeded), three hen houses, and a small carriage room.

In connection with this work, water has been brought into the

new sheep pen, the new cellar and the swill room ; and'a new waste

pipe from the water trough in the yard, and for these new points

of supply, has been laid and connected with one of the lines of

tiles in our new drainage system presently to be described.

Around the yard a new fence has been built. Further, all the

barn sheds have been reshingled, and both main barn, sheds and

yard fence, as well as the farm-house, have been painted.

Silos.— In the east end of the barn proper two capacious silos

have been substantially constructed. These occupy the space

formerly used for roots and sand storage, but extend down one

story further, viz., to the cellar bottom. They reach from this to

the level of the main floor of the barn, which makes them about

eighteen feet deep, and each measures nine by fourteen feet inside.

The lower walls are of stone and cement, but above are of timber

and boards. They are substantially and very strongly built, the

inner lining wall being composed of two layers of inch boards,

matched and breaking joints, with a layer of building paper

between. Provision is made, by the use of a temporary crib

placed above the permanent walls when filling, for securing silos,

which shall be full even after settling. Movable floor timbers and

planks are readily put in place as the silage settles, and we are

thus enabled to use the space above each silo. Above one of the

silos a room for heavy barn machinery has been built, while the

space above the other affords standing room for machinery, such

as hay press and thresher when in use. The silage may be taken

out through a door between each silo and the cattle floor.

To compensate for the space taken out of the root cellar, the

remnant of the latter was deepened by taking out the old floor,

which was on a level with the cattle floor, thus allowing the root

cellar to extend down to the floor of the main cellar, about nine

feet deeper than formerly. Drainage is perfect, and the roots are

keeping well in this cellar this winter.

We have also relaid a large portion of the retaining wall on the

south side of the west driveway to the main barn floor, and all of

the foundation wall under the end of the shed just opposite.
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Land Improvement.

The chief work of this year has been in underdraining that part

of the lower slope west of the college buildings and barn most

imperatively requiring it, and a part of the old pasture below,

though this has not been the only work. The brush and trees have

been cut, and the greater part of the stumps gotten out, of about

three acres more of the old pasture lying to the north of that

previously cleared, and a large quantity of the stumps got out last

year have been repiled and burned. We have also put in about

sixty rods of open ditch, straightened and deepened the brook for

about the same distance, and built eighty rods of rail fence for

temporary purposes. These operations need no particular descrip-

tion, but a brief account of our drainage operations may be of

interest.

Underdrainage.— Previous to the operations of this year, con-

siderable work of a makeshift character had been performed on

the fields which we undertook to drain, and one line of three to

six inch tiles had been put in, with a view to service as a main in

systematic work. It was, however, found to be too small for the

work which would be required of it ; and, although we used it in

so far as possible, we finally put in independent lines as outlets

for most of our new drains. There were about thirty-four hundred

feet of drains, varying in size from three to seven inches, already

in operation before we began work ; but these were .wholly inade-

quate to lay the land dry.

From August to December we put in tiles as follows :
—

10 inch tiles, 1,300 feet.

8 inch tiles, 800 feet.

4-8 inch tiles, 4,500 feet.

2 inch tiles, 21,300 feet.

This makes a total of 27,900 feet, which equals 1,691 rods, or

five miles and ninety-one rods of ditch dug and filled. When it is

further stated that the average depth is fully three and one-half

feet, and that the greater portion has been dug through a solid

clayey soil requiring considerable picking, the amount of work will

be in a measure appreciated.

The drains affect and drain thoroughly the greater part of a

tract about fifteen hundred feet long and nine hundred feet wide,

or thirty-one acres in all. The part most thoroughly drained con-

tains laterals distant from thirty to forty feet from each other, and

parallel. These laterals are in four systems, each with its inde-

pendent main.
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One system embraces the lower slope of the old fields. Here
the laterals run obliquely up the hill, and are thirty feet apart.

There are 8,614 feet of tile, thorough-draining about six and one-

fourth acres, which up to this time has much of it been so boggy
horses always mired there. Then next below this is a second sys-

tem, taking in about four acres of the springiest part of the old

pasture. The lines here run diagonally up the slope, and are

forty feet apart. They aggregate 5,740 feet. Still further west

is another system, in about five acres of the more nearly level part

of the old pasture lot. Here the drains are forty feet apart, and

aggregate 6,426 feet. In each of these three systems the laterals

discharge into a main, the general direction of which is north and

south. The fourth system embraces the south-eastern corner of

the old pasture, a portion upon which the fodder corn this year

amounted to nothing. This tract is one and one-half acres in

extent, and contains twenty-one hundred feet of. tiles, in lines

thirty feet apart.

In this work we have used round tiles without collars, and have

covered the joints with strips of tarred paper in the usual manner.

Junctions between laterals and mains have been made by the use

of Y branch tiles made for the purpose. These make a very

secure joint, not likely to get out of order.

Very much of the ditching for this work has been done by the

students working under the provision of the " Labor Fund," but

for which our operations must have been far less extensive.

Besides the tile drain of which I have spoken, an open ditch

has been put in at the foot of the slope just above the road lead-

ing to the pasture at the north side of the farm. The laterals of

the first system described cross this one foot below the level of its

bottom, and may be expected to do most of the work ; but the

open ditch will, it is believed, prove useful in arresting surface

water in times of great abundance.

The water which falls into this ditch is conducted to a silt well,

from which, after depositing its sediment, the overflow is taken

away through an eight-inch line of tiles. It is anticipated that

this arrangement will prevent the overflow of the comparatively

flat land below.

For valuable engineering assistance in this work I am greatly

indebted to Mr. F. S. Cooley, a graduate of 1888 ; and for wise

practical oversight and advice I am further much indebted to Mr.

David Wright, the farm foreman.

Wm. P. Brooks,

Professor of Agriculture.

Amherst, Jan. 1, 1890.
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The Administration.

Several changes have occurred in the personnel of the

faculty during the past year. The detail of Lieut. George

E. Sage having expired, he was recalled to his regiment at

the close of the collegiate year, and First Lieut. Lester W.
Cornish of the Fifth U. S. Cavalry has been detailed in his

place. He reported for duty September 3. The recom-

mendations made in his report, especially those respecting the

lighting of the college buildings and their better ventilation,

are respectfully referred to your consideration.

The English department has been greatly strengthened by

the appointment of Mr. George F. Mills, a teacher of long

experience and brilliant reputation, who has been for a num-

ber of years principal of one of the most flourishing schools

in the State.

The veterinary chair has not yet been permanently filled,

but provision has been made for the ensuing year by the

appointment of two lecturers, both graduates of the college.

Dr. Austin Peters, of the class of '81, will lecture on the

hygiene and care of stock, and certain of the germ diseases

to which he has paid particular attention. Dr. Peters is a

graduate of the American Veterinary College of New York,

and also of the Koyal Veterinary College of London, Eng-

land. He has been for several years veterinarian to the

Massachusetts Society for Promoting Agriculture. Dr.

James B. Paige, of the class of '82, will lecture on the

anatomy and physiology of the domestic animals, and the

general subject of diseases and their prevention. He re-

ceived his education at the Veterinary College in Montreal,

Canada, and has been since graduation a successful practi-

tioner in the city of Northampton.

Equipment.

There is greatly needed in the veterinary department a

set of clastic models for use in the class room. The college

has no facilities for dissection, but every student ought to

have the opportunity of examining carefully the different

organs of the body in position. In no other way can he

become familiar with their location and use. As the student
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of human anatomy and physiology turns to the skeleton and

manikin, studying each part separately and in relation to

the other parts of the body, so the student of comparative

anatomy should have the facilities for becoming familiar with

the structure of. the domestic animals. Models of the horse,

of the cow in labor, of the leg and hoof, of the different

organs of the body, are to be obtained abroad and are used

in all the foreign veterinary schools ; but, as the demand is

limited, the price is correspondingly high. Can the State

more judiciously expend a few thousand dollars than in

supplying these aids to instruction in the class room, and in

increasing the facilities of the library? In these days of

specialized work, there is a constant and growing demand

for the latest publications in every department, and the

teacher can no more afford to be without them than the car-

penter can his chisel or his saw. The very best are needed

on all the live topics of the day. The profession of agricult-

ure is broad, and touches every art and every science ; and

nothing short of the very best should be furnished to the

inquiring student. The library now numbers 9,160 volumes.

During the last year there have been taken out for consulta-

tion and use 2,504, an average of eighteen to each student;

and these not the ordinary run of books drawn from libraries

(for the college library contains hardly fifty volumes of

fiction) , but sound, healthy books of instruction.

The Labor Fund.

This has been administered with the greatest care, and

only those entitled to receive its benefits have been placed

upon its list. Since its establishment, by act of the last

Legislature, fifty-eight students have received aid under its

provisions. In no way can the State better assist its deserv-

ing young men to acquire an education than by giving them

this opportunity to earn it by their own labor.

Experiment Department.

The general policy of the station has been to furnish

information on such subjects as were uppermost in the minds

of the public, and to take up the investigations of such

questions as were of practical importance. The quarterly
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bulletins are therefore an index of the general correspondence

carried on through the year in this State. In conformity to

this policy, experiment has been made of the different

methods of heating green-houses, soil tests have been under-

taken, and information disseminated on such insects as were

at the time most injurious in their depredations. That this

has met the requirements of the State would seem to be

indicated by the steady and increasing demand for our bul-

letins. The edition of sixty-five hundred in January, 1889,

has been increased with successive issues, till that of January,

1890, numbered ten thousand. Four regular bulletins have

been sent out over the State ; and a special one from the ento-

mological division, of twenty-three thousand copies, local in

its character, to every tax-payer in the towns of Medford,

Everett, Stoneham, Winchester, Maiden and Somerville.

A dangerous insect pest, of foreign origin, more feared

abroad than the potato beetle here, suddenly made its

appearance in West Medford, and threatened spreading over

the entire State. To give information respecting the appear-

ance and habits of this moth, the danger of permitting it to

get a foothold, and the best remedies to be used in combat-

ing it, a bulletin was sent to each tax payer in the infested

district and the towns immediately adjoining.* In view of

the fact that this moth is wonderfully prolific, the female

laying from four hundred to five hundred eggs ; that its

appetite is almost omniverous, the list of its food plants

ranging from cabbage, strawberry and corn up to the cherry,

quince, apple, elm, maple and oak; and that it has now
"multiplied to such an extent as to cause the entire de-

struction of the fruit crop, and also to defoliate the shade

trees in the infested region,"— it would seem judicious for

the State authorities to take some effective means for stamp-

ing it out, and preventing its further spread.

Additions to the equipment of the various departments

have been made during the year, and these, together with

an outline of the work undertaken, will be briefly sum-

marized in the several reports.

* It is with pleasure that we record here our indebtedness to the Secretary of

the Board of Agriculture. But for his generous assistance, we should have been

uuable to meet the additional expense involved in the publishing of so large an
edition of an extra bulletin.
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Division of Agriculture.

A barn has been completed for special work in questions

affecting the dairy interests, and for all general work involved

in the haudling of crops under experiment, and the mixing,

weighing and measuring of fertilizers. It consists of a

main structure, 43 by 37 feet, containing : a cellar for roots,

22 by 27 feet ; a silo, 8 by 12 by 20 feet ; hay scales of six

thousand pounds capacity ; an office and record room

;

separate rooms for grain, seed and fertilizers; an L 21 by

36 feet, with stalls for feeding experiments ; an L 19 by 12

feet, for dairy and heating purposes.

The investigations of the year have been :
—

1. Soil tests with fertilizers, upon the grounds of the

station and in ten of the leading agricultural counties of the

State.

2. Conditions affecting the value of the calf's stomach for

rennet.

3. Use of different styles of hay caps.

4. Use of water in varying amounts upon grass of differ-

ent degrees of dryness.

5. Fertilizers (variously compounded and applied) com-

pared with stable manure for grass, — influence upon both

quantity and quality of product.

6. Test of Colcord's " Silo Governor."

7. Preservation of corn stover in the silo.

8. Comparison of varieties of corn for ensilage, —
" Sweet Fodder," " Amber Cream Sweet," and " Sanford's

White Flint."

9. Test as to adaptation to our soil and climate of Japan-

ese seeds. (Bulletin No. 7.)

10. Variety tests: sorghum, seven varieties; corn, two

varieties ; upland rice, one variety ; oats, two varieties.

Division of Horticulture.

But little addition has been made in equipment, except in

the way of adding all the new and promising varieties of

both large and small fruits that could be easily obtained.

Experiment through the year has been made in the following

directions :
—

1. Protection of peach buds from injury by cold.
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2. Comparative value of different materials in the con-

struction of green-house walls. (Bulletin No. 4.)

3. Comparative value of steam and hot water for heating

green-houses. (Bulletins Nos. 4 and 6.)

4. Evaporated sulphur for the destruction of red spiders,

mildews of the rose, lettuce and chrysanthemum, and rust on

violets and carnations. (Bulletin No. 4.)

5. Testing new varieties of fruits, vegetables and flowers.

(Bulletins Nos. 4, 6 and 7.)

6. The comparative value of Eastern and Western grown

seed sweet corn for New England growers. (Bulletin No. 7.)

7. The effect of girdling vines upon the amount of sugar,

acid and water in the grape. (Bulletin No. 7.)

8. Use of insecticides and fungicides upon the potato.

(Bulletin No. 7.)

9. Remedies for the black wart upon the plum. (Bul-

letin No. 4.)

Division or Vegetable Pathology.

Investigations have been carried on through the year of

the fungous diseases of plants, and report has been made on

the following subjects :
—

1. The black-spot of rose leaves. (Bulletin No. 6.)

2. The black-knot of the plum. (Bulletin No. 6.)

3. The potato blight and rot. (Bulletin No. 6.)

Division of Entomology.

An insectary has been added, for the breeding of all in-

sects discovered on all useful plants, and for experiment

with various insecticides. It is a story and a half building,

28 by 20 feet, with a green-house attached, 18 by 22 feet,

divided into a hot and a cold house. On the first floor of the

main building are an office, a laboratory and an insecticide

room ; on the floor above, two store rooms ; and in the base-

ment, a pupa room and the hot-water heating apparatus.

The policy of the department has been to learn the life his-

tory and means of combating those insects which have been

most common and troublesome in the State, as indicated by

correspondence. Report has therefore been made exclu-

sively on those respecting which inquiry has been made,

namely :
—
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1. The buffalo carpet beetle. (Bulletin No. 5.)

2. The pitchy carpet beetle. (Bulletin No. 5.)

3. The larder or bacon beetle. (Bulletin No. 5.)

4. Clothes moths. (Bulletin No. 5.)

5. Ants. (Bulletin No. 5.)

6. The gypsy moth. (Special Bulletin, and No. 7.)

7. Tuberculosis in the domestic animals. (Bulletin

No. 3.)

Division of Meteorology.

The observatory is equipped with the following instruments :

Draper's self-recording barometer, Draper's self-recording

anemometer, Draper's self-recording anemoscope, Draper's

self-recording force of wind, Draper's self-recording sun ther-

mometer, Draper's self-recording wet and dry thermometer,

Draper's self-recording thermograph, Draper's self-recording

rain gauge, two sets of common thermometers, maximum and

minimum thermometers, hygrometers, ozometer, and a few

other instruments of minor importance.

The work in this department comprises thus far investi-

gations in atmospheric pressure ; temperature at different

heights ; precipitation and relative humidity at different ele-

vations ; direction, velocity and pressure of wind ; percentage

of cloudiness ; various systems of clouds, their movement

and direction ; amount of sunshine and temperature in sun.

There is kept a full record of heavy and light dews, hard

and light frosts, halos, coronae, storms, and all natural phe-

nomena. In short, a full and careful history of each day is

written down and placed in the observatory for future ref-

erence, in order that data may be collected for determining

the general character of climate, and the periodic recurrences

of certain natural phenomena in the vicinity of the station.

In addition to this, monthly bulletins are issued, recording

for each day the meteorological phenomena observed. In

the recent division of the country into districts, to promote

the efficiency of the United States Signal Service in making

local weather predictions, this station has been selected to

co-operate in the work of the New England division, and

furnish data to Lieut. John P. Finley, the officer in charge.

The atmospheric conditions, as shown by the accompanying

graphic charts of temperature, rainfall and sunlight, have
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been very unfavorable for securing the best results. The

continued low temperature, the excessive moisture, and the

lack of sunshine, have had their effect on the ripening of

crops, and necessitated, in several instances, the postpone-

ment of lines of investigation to a more favorable season.
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TREASURER'S REPORT.

$15,000 00

8 60
$15,008 60

$2,848 02.

3,273 43

218 86

957 45

946 41

4,156 68

407 67

1,251 59

602 61

74 12

89 48

182 28

$15,008 60

Frank E. Paige, Treasurer Hatch Experiment Station of Massachu-

setts Agricultural College, for the fiscal year ending June 30, 1889.

Cash received of United States Treasurer,

Cash received from sale of produce,

Incidental expenses,

Labor, .

Travelling expenses,

Supplies,

Scientific instruments,

Salaries,

General fittings, .

Printing, v

Library,

Postage and stationery

Freight and express,

Chemical apparatus,

$15,008

I, the undersigned, duly appointed auditor for the corporation, do

hereby certify that I have examined the books and accounts of the Hatch

Experiment Station of the Massachusetts Agricultural College for the

fiscal year ending June 30, 1889, and have found the same well kept

and correctly classified as above ; and that the receipts for the time

named are shown to be $15,008.60, and the corresponding disbursements

$15,008.60 ; all of the proper vouchers are on file and have been by me
examined and found correct, there being no balance to be accounted for

in the fiscal year ending June 30, 1889.

[Signed] J. Howe Demond, Auditor.

Amherst, Dec. 31, 1889.

I hereby certify that the foregoing is a true copy from the books of

account of the Hatch Experiment Station of the Massachusetts Agri-

cultural College.

Frank E. Paige, Treasurer.

Amherst, Jan. 4, 1890.

I hereby certify that Frank E. Paige is the treasurer of the Massachu-

setts Agricultural College, and that the above is his signature.

Henry H. Goodell,

[Seal] President Massachusetts Agricultural College.
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Gifts.

From John E. Williams (M. A. C, '76) of Amherst, — Studer's

Birds, 2 volumes miscellaneous.

Col. Henry L. Eussell of Milton,— Jersey bull calf, out

of imported Miss Park No. 5, and sired by Wonder in

the Island of Jersey.

John R. Brewer, Esq., of Hingham, — Jersey bull Dom
Pedro Torment, 21308, sired by the celebrated prize-

taker Snappitt, 13395.

The Bowker Fertilizer Company of Boston,— Samples

of fertilizers, and materials used in their manufacture.

The Williams Bros. Manufacturing Company of Naubuc,

Conn., — Mowing-machine knife grinder.

Wm. A. Macleod (M. A. C, '76) of Boston, — Lifting

machine.

Miss Mary B. Merriam of Greenwood, — Case of wools.

Estate of Henry Colt of Pittsfield,— Five hundred dollars

for permanent library fund.

Wm. H. Bowker (M. A. C, '71) of Boston, — One hun-

dred and fifty dollars for permanent library fund.

Massachusetts Society for Promoting Agriculture, of

Boston,— Two hundred dollars in aid of insectary.

J. D. W. French, Esq., of Boston,— 5 volumes " American

Farmer," 7 volumes " Gardener's Monthly," 7 miscel-

laneous volumes.

Dr. Daniel Draper of New York City,— 9 volumes annual

reports of New York Meteorological Observatory.

City of Boston, — 17 volumes reports of Record Commis-

sioners of city of Boston.

Hiram Kendall (M. A. C, '76) of Providence, R. I.,

—

Rhetorical prizes for year 1890.

Col. Henry W. Wilson of South Boston,— 4 volumes

Suffolk Deeds.

A Friend,— Package of pamphlets on vivisection.

Mrs. Wm. S. Clark of Newton,— Tiie following Japanese

articles and implements : Three farmer's hats (differ-

ent kinds) ; one straw rain coat ; one pair mittens
;

one rain hat ; one plough ; one wood saw ; one bamboo
rake ; one hoe ; one pair snow shoes ; one set straw

horse shoes ; one pair scissors ; smoking stand and

furniture, candlesticks, etc. ; one suit armor ; samples

of nails ; carpenter's saw. Aino articles : One weav-

ing kit ; two garments made from bast fibres of elm

and other barks ; straw matting ; one Aino apron ; two

pairs leggings ; one moustache lifter.
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From A. I. Root of Medina, Ohio,— Volume 16 of " Gleanings

in Bee Culture."

President Henry E. Alvokd of Agricultural College,

Maryland,— 3 volumes miscellaneous subjects.

Dr. E. L. Sturtevant of South Framingham,— "Bibli-

ography of Agriculture," in manuscript.

Dr. E. F. Brush of Mount Vernon, N. Y.,— "Bovine

Tuberculosis."

W. E. Stone (M. A. C, '82) of Lafayette, Ind.,— Mis-

cellaneous papers.

¥i. J. Stewart of Boston, — Second, third and. fourth

Annual Proceedings of Society of American Florists.

Dr. W. Maxwell of Cambridge,— "Constitution of the

Legumes."

E. L. Bass of Randolph, Vt.,— 19 volumes reports of

Vermont Dairyman's Association.

Miss Eleanor A. Ormerod of Spring Grove, England,—
4 volumes on insects.

Hon. John E. Russell of Leicester, — 12 volumes of

"Farmer's Magazine," 1852-57.

Prof. Chas. H. Fernald of Amherst,— 2 volumes mis-

cellaneous subjects.

Dr. A. G. Young of Augusta, Me.,— Annual reports of

Maine State Board of Health, 1885-88.

Dr. Frederick Tuckerman (M. A. C, '78) of Amherst,

—

General index of reports of agriculture of Massachu-

setts.

Dr. J. A. Lintner of Albany, N. Y., — Fourth and fifth

reports of injurious insects of New York, 2 volumes

miscellaneous.

J. E. Pond, Esq., of North Attleborough, — 6 volumes

bee journals.

C. M. Winslow, Esq., of Brandon, Vt., — Seventh volume

of " Ayrshire Record."

Wm. P. Brooks (M. A. C, '75) of Amherst,— " Aino

Studies."

Hon. Chas. Whitehead of London, England,— First and

second annual reports of "Agricultural Adviser."

Hon. William Whiting of Holyoke,— 6 volumes govern-

ment publications.

Hon. Rodney Wallace of Fitchburg, — 5 volumes govern-

ment publications.

Chas. S. Plumb (M. A. C, '82) of Knoxville, Tenn.,—

2 volumes miscellaneous.
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From Dr. C. T. Stockwell of Springfield, — "Evolution of

Immortality."

Wm. A. Tolman (M. A. C, '87) of Concord, — " Manual

of Military Courtesy and Guard Duty."

Chas. Turrill. Esq., of San Francisco, Cal.,— 4 volumes

annual reports of State Viticultural Commission.

Prof. M. Wilckens of Vienna, Austria,— 2 volumes on

"Care of Domestic Animals."

S. M. Colcord of Dover,— " System of preserving Green

Forage."

Prof. W. H. Welch of Baltimore, Maryland,— "External

Sources of Infection."

Sir J. B. Lawes of Rothamsted, England,— 5 pamphlets

miscellaneous.

H. S. Carruth (M. A. C, '72) of Ashmont, — " History

of the United States during the First Administration

of Jefferson."

E. B. Wilder of Dorchester,— " Memorials of Marshall

P. Wilder."

J. S. West (M. A. C, '90) of Belchertown,— " College

Students at Northfield."

James Vick of Rochester, N. Y., — " Vick's Monthly

Magazine," 1889.

Also the following papers and periodicals from the publishers :

"The Massachusetts Ploughman," "The American Cultivator,"

"The New England Farmer," " The American Veterinary Re-

view," " The American Garden," " The Poultry Monthly," " The

Mirror and Farmer," "The American Grange Bulletin," "The
Farm and Home," " The Berkshire Courier," " The Home Farm,"

"The Ohio Practical Farmer," "The Orange Judd Farmer,"

"The New England Homestead."

I have the honor, in addition to the catalogue and custo-

mary reports, to append a paper translated by Professor

Charles Wellington, on a subject of great interest to every

farmer,— " On the Use of Commercial Fertilizers."

Respectfully submitted, by order of the trustees.

HENRY H. GOODELL,
President.

Amherst, January, 1890.
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TKEASUKEK'S EEPOET.

Frank E Paige, Treasurer of Massachusetts Agricultural College, for
the Year ending Dec. 31 , 1889.

Received. Paid.

Cash on hand, |4,534 78
Term bill account, 5,346 40 $2,965 22
Botanical account, 3,693 81 4,379 84
Farm account, 3,875 16 8,083 00
Expense account, . 212 33 7,982 32
Laboratory account, 568 68 447 98
Salary account, - 13,549 96
Trustee expense account, - 474 36
Library Fund account, . 768 16 768 16
Endowment Fund account, 11,008 31 _

State Scholarship Fund account, 15,000 00 -

Hills Fund account, 608 80 663 36
Grinnell Prize Fund account, 40 00 40 00
Whiting Street Fund account, 51 15 30 00
Mary Robinson Fund account, 61 20 80 00
Labor Fund account, 5,000 00 2,516 05
Insectary building account, - 1,200 00
Insurance account, - 28 87
Reading room account,

.

- 103 65
Extra instruction account, - 731 11

Advertising account, - 299 05
Gassett Scholarship Fund account, 42 94 -

Cash on hand Dec. 31, 1889, .
- 6,468 79

$50,811 72 $50,811 72

Cash Balance, as shown by Treasurer's Statement, belongs

to the Following Accounts.

Hills Fund, . - . $85 13

Insurance, 11 19

Gassett Scholarship Fund, . 105 88

Whiting Street Fund, . 140 46

Mary Robinson Fund, .... 165 10

Labor Fund, 2,483 95

General fund of college, <W7 08

$6,468 79
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Cash and Bills Receivable Dec. 31, 1889.

Term bills,

Laboratory,

Botanical,

Farm,

Cash on hand belonging to general funds,....
Bills Payable Dec. 31, 1889.

Term bill account,

Farm account,

Botanical account,

Expense,

College farm,

Pelham quarry,

Value of Real Estate.

Land. cost.

$37,000 00

500 00

Buildings.

Laboratory, .

Botanic museum,

.

Botanic barn,

Durfee plant-house and fixtures,

Small plant-house and fixtures,

North college,

Boarding-house, ,

South dormitory, .

Graves house and barn,

Farm-house,

Farm barns and sheds,

Stone chapel,

Drill hall, .

President's house,

Four dwelling-houses

with farm,

and shed, purchased

Cost.

$10,360 00

5,180 00

1,500 00

12,000 00

800 00

36,000 00

8,000 00

37,000 00

8,000 00

4,000 00

14,500 00

31,000 00

6,500 00

11,500 00

10,000 00

$1,348 61

345 75

154 90

506 58

3,477 08

$5,832 92

$24 00

1,119 98

217 15

91 14

$1,452 27

$37,500 00

Inventory of Personal Property.
Farm,

Laboratory,

Library,

Natural history collection,

Physics,

Boarding-house,

Fire apparatus,

Botanical department, .

196,340 00

$233,840 00

$16,077 00

1,113 77

8,000 00

3,257 04

3,616 03

400 00

500 00

9,452 65

$42,416 49
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Summary Statement.

Assets.

Total value real estate, per inventory, . $233,840 00

Total value personal property, per inven-

tory, 42,416 49'

Total cash on hand and bills receivable,

per inventory, 5,832 92

Total, . , . . . $282,089 41

Liabilities.

Bills payable, as per inventory, 1,452 27

$280,637 14

Funds for Maintenance of College.

Technical Educational Fund, United States

Grant, amount of, $219,000 00

Technical Educational Fund, State Grant, . 141,575 35

These funds are in the hands of the State Treasurer. By
law two-thirds of the income is paid to the treasurer

of the college, one-third to Institute of Technology.

Amount received, 1889, $11,008 31

State Scholarship Fund, $10,000. This sum was appro-

priated by the Legislature, 1886, and is paid in quarterly

payments to the college treasurer, 10,000 00

Hills Fund of $10,000, in hands of college treasurer. This

was given by L. M. and H. F. Hills of Amherst. By
conditions of the gift, the income is to be used for main-

tenance of a botanic garden. Income, 1889, . . . 608 80

Unexpended balance, Dec. 31, 1889, $85.13.

Annual State appropriation of $10,000. This sum was
appropriated by Legislature of 1889, for four years, for

the endowment of additional chairs and general expense.

Five thousand dollars of the sum was appropriated as

Labor Fund, to provide for the paying of labor per-

formed by needy and worthy students, .... 10,000 00

Grinnell Prize Fund of $1,000, in hands of college treas-

urer. Gift of Ex-Gov. William Claflin; was called

Grinnell Fund in honor of his friend. The income is

appropriated for two prizes, to be given for the best

examination in agriculture by graduating class. In-

come, 1889, . . . 40 00

Mary Robinson Fund of $1,000, in hands of college treas-

urer, given without conditions. The income has been

appropriated to scholarships, to worthy and needy stu-

dents. Income, 1889, 61 20

Amount carried forward, . . . . . . $31,718 31
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Amount brought forward, $31,718 31

Unexpended balance, Dec. 31, 1889, $165.10.

Whiting Street Fund of $1,000, a bequest without con-

ditions. To this sum is added $260 by vote of the

trustees in January, 1887, it being the interest accrued

on the bequest Amount of fund, Dec. 31, 1889, $1,260.

Unexpended balance of income, $140.46. Income, 1889, 51 15

Library Fund, for use of library, f6,051.80. Deposited in

Amherst Savings Bank.

Gassett Scholarshij} Fund: the sum of f 1,000 was given

by the Hon. Henry Gassett as a scholarship fund. Un-

expended balance, Dec. 31, 1889, $105.88. Income,

1889, 42 94

Total, $31,812 40

To this sum should be added amount of tuition, room rent, receipts

from sales of farm and botanic gardens ; amount of same can be learned

from statement of treasurer. Tuition and room rent under head of term
bill.

FRANK E. PAIGE, Treasurer.

The committee of finance and buildings, having examined the statements of the

Treasurer, as herein set forth, approve the same, and recommend the acceptance of

the same by the Board.

For the Committee,

DANIEL NEEDHAM, Chairman.
Jan. 7, 1890.

This is to certify that I have this day examined the accounts of F. E. Paige,

Treasurer, as displayed from Jan. 1, 1889, to Jan. 1, 1890, and find the same correct

and properly vouched for. The balance in the treasury, being $6,468.79, is shown
to be on hand in bank.

CHARLES A. GLEASON, Auditor.

Amherst, Mass., Jan. 15, 1890.
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EEPOET OF MILITARY DEPARTMENT.

Amherst, Mass., Dec. 31, 1889.

H. H. Goodell, President Mass. Agricultural College, Amherst, Mass.

Sir:— I have the honor to submit the following report.

I reported for duty Sept. 3, 1889, and have had charge of

the military department since that time.

There have been weekly recitations of the senior class in

" Wheeler's Art and Science of War," which I considered

better fitted for the short time (one year) allowed for this

study than the former text-book, " Hamilton's Art of War,"
which is more suitable for a book of reference. A course

of lectures has also been given, on the subject of "Field

Fortifications."

Weekly recitations during one-half of the term have been

held with the sophomore class in artillery tactics, these

being supplemented by two lectures on the ammunition used

by the United States in the artillery service.

There have been three drills weekly during the whole

term, at which the attendance of the cadets has been excel-

lent, all absences having been satisfactorily explained. Dur-

ing the first half of the term the freshman class was instructed

in the preliminary exercises and in the manual of arms, the

sophomore class in artillery drill, and the junior class in tar-

get practice. The instructors for the different drills were

taken from the senior class. As soon as the freshmen had

been properly instructed, the battalion was organized under

the officers selected by my predecessor, Lieutenant Sage.

The battalion consists of three companies and a drum

corps, with the necessary officers and non-commissioned
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officers, a list of these being annexed to this report. When
the weather permits, the tri-weekly drills take place in the

open air; otherwise in the drill hall, which is large and well

heated. The interest exhibited by the cadets in the drill has

been excellent, and the discipline has been good ; but better

results could be obtained, I feel confident, if the dress coat

could be included in the uniform of the corps. The bat-

talion would certainly present a more military appearance if

all wore the dress coat, instead of only the officers and non-

commissioned officers, as at present. The privates in the

short fatigue jackets have the appearance of boys at a pre-

paratory school, instead of young men at college ; and this

appearance has its effect on the minds of the cadets, caus-

ing them to consider the drill hour more as a time for recre-

ation than as a regular course of instruction pertaining to the

college. With the dress coats the cadets would look, feel

and act more like men. The cost of these coats would be

fifteen dollars ; but, with proper care, a cadet who purchased

a new one when he entered college could dispose of it on

graduating for at least half of its original cost, thereby in-

creasing his average yearly expense by not more than two

dollars. If I am not mistaken, the majority of the cadets

would like to have the dress coat reinstated as a part of the

uniform, and I would earnestly recommend that this change

might be adopted.

The fire department is in good order, but I would recom-

mend that another ladder, tipped with strong hooks, to be

used for scaling the steep roofs of the buildings, be added to

the apparatus now on hand. The present method of light-

ing the cadet rooms I regard as very dangerous to the safety

of the buildings so occupied. Kerosene lamps are used,

the oil for which is kept in closets in the various rooms.

Through leaking and careless handling, which under the

circumstances it is impossible to prevent, the floors of these

closets have been rendered especially liable to fire. I would

recommend that the buildings be lighted by electricity, the

cost of which to the cadets would be moderate, and more

so if a plant could be established on the college grounds

and owned by the State, while the benefits derived from the

expenditure would be proportionately great.
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The facilities for bathing are exceedingly poor, there being

only two bath-tubs for the use of all the cadets. Nothing is

more conducive to good health than cleanliness, and this can-

not be obtained without proper facilities. I would most

urgently recommend that at least two more bath-tubs and

two shower baths be at once supplied for the use of the

cadets. I would also recommend that the partitions separat-

ing the small bedrooms in the north dormitory be removed,

in order to admit more light and air.

The range for target practice is a very short one, and much
better results could be obtained in this very important branch

of the military department if a longer and better one was

available. Nothing is more essential to a soldier than a

thorough knowledge of the weapon with which he is armed,

and his capability to use it as a means of offence and defence.

This knowledge can only be obtained by actual practice with

it; and, with the rifle in present use, a range of at least five

hundred yards in length is almost a necessity. With the

present allowance of ammunition, fifty rounds per man per

year, considerable practice can be had and good results

obtained, with a good range to work on.

I would also recommend that the cadets be put into camp

for a few days, in order that they may learn something of

the actual life of a soldier in the field. The knowledge

would be of great benefit to them and to those under them,

if they were ever called upon to command troops in the field.

Experience is a good teacher ; and they would learn more in

a short time spent in camp, of the practical needs of a soldier

and how to supply them, of their duties when in the field

and how to properly perform them, than by a long course of

theoretical instruction on the subject.

Respectfully submitted,

LESTER W. CORNISH,
First Lieutenant Fifth Cavalry,

Professor of Military Science and Tactics.
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Battalion Oeganization.

Commandant of Cadets, First Lieut. Lester W. Cornish, Fifth U. S.

Cavalry.

Cadet Adjutant Stowe. Cadet Quartermaster West.
Cadet Sergeant Major Belden. Cadet Quartermaster Sergeant Gay.

Company A. Company B.

Cadet Captain Barry. Cadet Captain Russell.

Cadet First Lieutenant Williams. Cadet First Lieutenant Simonds.

Cadet Second Lieutenant McCloud. Cadet Second Lieutenant Mossman.
Cadet First Sergeant Ruggles. Cadet First Sergeant Carpenter.

Cadet Sergeant Brown. Cadet Sergeant Legate.

Cadet Corporal Magill. Cadet Corporal Willard.

Company C.

Cadet Captain Felton.

Cadet First Lieutenant Herrero.
Cadet Second Lieutenant Taylor.

Cadet First Sergeant Tuttle.

Cadet Sergeant Paige.

Cadet Corporal Field.

Chief Musician, and Cadet First Sergeant Drum Corps, Horner.

Fire Marshal, Cadet First Lieutenant, Gregory.
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CALENDAK FOR 1890-91.

June 17, Tuesday,

1890.

January 8, Wednesday, winter term begins, at 8.15 a.m.

March 27, Thursday, winter term closes, at 10.30 a.m.

April 8, Tuesday, spring term begins, at 8.15 a.m.

f Baccalaureate Sermon.
June 15, Sunday, s

(Address before the Christian Union.

June 16, Monday, Kendall Prize Speaking.

Grinnell Prize Examination of the Senior

Class in Agriculture.

Military Exercises.

Meeting of the Alumni.

President's Reception.

^Commencement Exercises.

June 18, Wednesday, <

C Meeting of Trustees.

June 19, Thursday, examinations for admission, at 9 a.m.,

Botanic Museum ; at the Commonwealth Building, Boston

;

and at the Sedgwick Institute, Great Barrington.*

September 2, Tuesday, examinations for admission, at 9 a.m.,

Botanic Museum.

September 3, Wednesday, fall term begins, at 8.15 a.m.

December 19, Friday, fall term closes, at 10.30 a.m.

1891.

January 6, Tuesday, winter term begins, at 8.15 a.m.

March 27, Friday, winter term closes, at 10.30 a.m.

* See page 49.
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THE CORPOKATION.

JAMES S. GRINNELL of Greenfield, .

JOSEPH A. HARWOOD of Littleton, .

WILLIAM H. BOWKER of Boston,

J. D. W. FRENCH of Boston, .

THOMAS P. ROOT of Barre Plains,

J. HOWE DEMOND of Northampton,

FRANCIS H. APPLETON of Lynnfield, .

WILLIAM WHEELER of Concord, .

ELIJAH W. WOOD of West Newton, .

CHARLES A. GLEASON of New Braintree

DANIEL NEEDHAM of Groton, .

JAMES DRAPER of Worcester,

HENRY S. HYDE of Springfield, .

MERRITT I. WHEELER of Great Barrington,

Term expires

1891

1891

1892

1892

1893

1893

1894

1894

1895

1895

1896

1896

1897

1897

Members Ex Officio.

His Excellency Governor JOHN Q. A. BRACKETT, Presi-

dent of the Corporation.

HENRY H. GOODELL, President of the College.

JOHN W. DICKINSON, Secretary of the Board of Education.

WILLIAM R. SESSIONS, Secretary of the Board of Agriculture.

JAMES S. GRINNELL of Greenfield,

Vice-President of the Corporation.

WILLIAM R. SESSIONS of Hampden, Secretary.

FRANK E. PAIGE of Amherst, Treasurer.

CHARLES A. GLEASON of New Braintree, Auditor.
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Committee on Finance and Buildings.*

JAMES S. GRINNELL. HENRY S. HYDE.
J. HOWE DEMOND. CHARLES A. GLEASON.

DANIEL NEEDHAM, Chairman.

Committee on Course of Study and Faculty.*

THOMAS P. ROOT. FRANCIS H. APPLETON.
WILLIAM H. BOWKER. J. D. W. FRENCH.

WILLIAM WHEELER, Chairman.

Committee on Farm and Horticultural Departments.*

ELIJAH W. WOOD. JAMES DRAPER.
JOSEPH A. HARWOOD. MERRITT I. WHEELER.

WILLIAM R. SESSIONS, Chairman.

Committee on Experiment Department.*

DANIEL NEEDHAM. ELIJAH W. WOOD.
WILLIAM WHEELER. JAMES DRAPER.

WILLIAM R. SESSIONS, Chairman.

Board of Overseers.

THE STATE BOARD OF AGRICULTURE.

Examining Committee of Overseers.

SAMUEL B. BIRD, . . . .of Framingham.

GEORGE CRUICKSHANKS, Chairman, of Lunenburg.

VELOROUS TAFT, . . . .of Upton.

GEORGE S. TAYLOR, . . . .of Chicopee Falls.

ATKINSON C. VARNUM, ... of Lowell.

NATHANIEL S. SHALER, ... of Cambridge.

The Faculty.

HENRY H. GOODELL, M.A., President,

Professor of Modern Languages and English Literature.

LEVI STOCKBRIDGE,
Professor of Agriculture, Honorary.

* The president of the college is ex officio a member of each of the above

committees.
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CHARLES A. GOESSMANN, Ph.D.,

Professor of Chemistry.

SAMUEL T. MAYNARD, B.Sc,

Professor of Botany and Horticulture.

CLARENCE D. WARNER, B.Sc,

Professor of Mathematics and Physics.

CHARLES WELLINGTON, Ph.D.,

Associate Professor of Chemistry.

CHARLES H. FERNALD, Ph.D.,

Professor of Zoology and Lecturer on Veterinary Science.

Rev. CHARLES S. WALKER, Ph.D.,

Professor of Mental and Political Science.

WILLIAM P. BROOKS, B.Sc,

Professor of Agriculture.

LESTER W. CORNISH, 1st Lieut. 5th Cavalry, U. S. A.,

Professor of Military Science and Tactics.

GEORGE F. MILLS, M.A.,

Instructor in English.

FRANK E. PAIGE,
Lecturer on Farm Law.

AUSTIN PETERS, D.V.S., M.R.C.V.S.,

Lecturer on Hygiene and Care of Stock.

JAMES B. PAIGE, V.S.,

Lecturer on Diseases of Domestic Animals.

HENRY H. GOODELL, M.A.,

Librarian.

Graduates of 1889.*

Blair, James Roswell (Boston Univ.), . . Warren.

Copeland, Arthur Davis (Boston Univ.), . Campello.

Crocker, Charles Stoughton (Boston Univ.), Sunderland.

* The annual report, being made in January, necessarily includes parts of two
academic years, and the catalogue bears the names of such students as have been

connected with the college during any portion of the year 1889.
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Davis, Franklin Ware (Boston Univ.),

Hartwell, Burt Laws (Boston Univ ), .

Hubbard. Dwight Lauson (Boston Univ.),

Hutchings, James Tyler (Boston Univ.),

Kellogg, William Adams (Boston Univ.),

Miles, Arthur Lincoln, ....
North, Mark Newell (Boston Univ.), .

Nourse, Arthur Merriam,

Sellew, Robert Pease (Boston Univ.), .

Whitney, Charles Albion (Boston Univ ),

Woodbury, Herbert Elwell (Boston Univ.),

Total

Tamworth, N. H.

Littleton.

Amherst.

Amherst.

North Amherst.

Rutland.

Somerville.

Westborough.

East Longmeadow.
Upton.

Gloucester.

14

Senior Class.

Barry, David,

Bliss, Clinton Edwin, .

Castro, Arthur de Moraes e,

Dickinson, Dwight Ward,

Felton, Truman Page, .

Goddard, George Andrew,

Gregory, Edgar, .

Haskins, Henry Darwin,

Herrero, Jose Maria,

Jones, Charles Howland,

Loring, John Samuel, .

McCloud, Albert Carpenter,

Mossman, Fred Way, .

Russell^ Henry Lincoln,

Simonds, George Bradley,

Smith, Frederic Jason, .

Stowe, Arthur Nelson, .

Taft, Walter Edward, .

Taylor, Fred Leon,

West, John Sherman, .

Williams, Frank Oliver,

Total, .

Southwick.

Attleborough.

Juiz de Fora, Minas, Brazil.

Amherst.

Berlin.

Turner's Falls.

Marblehead.

North Amherst.

Jovellanos, Cuba.

Downer's Grove, 111.

Shrewsbury.

Amherst.

Westminster.

Sunderland.

Ashby.

North Hadley.

Hudson.

Dedham.
Amherst.

Belchertown.

Sunderland.

21

Junior Class.

Arnold, Frank Luman,

Belden, Allan Montgomery,

.

Brown, Walter Augustus, . . . .

Carpenter, Malcolm Austin, . . . .

Eames, Aldice Gould, .

Felt, Ephraim Porter,

Field, Henry John,

Gay, Willard Weston,

Horner, Louis Frederic, . . .

Belchertown.

East Whately.

Feeding Hills.

Leyden.

North Wilmington.

Northborough.

Leverett.

Georgetown.

Newton Highlands.
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Hull, John Byron,

Johnson, Charles Henry,

Lage, Oscar Vidal Barboza, .

Legate, Howard Newton,

Paige, Walter Cary,

^Phillips, John Edward Stanton.

Ruggles, Murray, .

Sawyer, Arthur Heniy,

Shores, Harvey Towle,

Tuttle, Harry Fessenden,

Total, ....

Stockbridge.

Preseott.

Juiz de Fora, Minas,

Geraes, Brazil.

Sunderland.

Amherst.

Brooklyn, Conn.

Milton.

Sterling.

West Bridgewater.

Jamaica Plain.

19

Sophomore
Baldus, Francis Gustave,

Bardin, James Edgar, .

Boynton, Walter Ira,

Chamberlain, Pierce Annesley

Clark, Edward Thornton,

Condit, Charles De Hart,

Crane, Henry Everett, .

Davidson, Royal Page,

Deuel, James Edward, .

Eaton, Henry Newell, .

Emerson, Henry Bennett,

Farrar, Frederick Allen,

Field, Judson Leon,

Fletcher, William,

Fowle, Samuel Osie,

Goldthwait, Jr., William Johnson

Graham, Charles Sumner,

Hoar, Thomas,

Holland, Edward Bertram,

Howard, Henry Merton,

Hubbard, Cyrus Moses,

Lindsey, Ernest, .

Lyman, Richard Pope, .

McDonald, Frederick John,

Magill, Claude Albion,

Nauss, Charles Strum, .

Page, Harry Savage,

Plumb, Frank Herbert,

Rogers, Elliot,

Sedgwick, Benjamin, .

Smith, Robert Hyde,

Stockbridge, Francis Granger,

Stone, Harlan Fisk,

Class.

. Belchertown.

. Dalton.

. North Amherst.

. Northfield.

. Granby.

. Troy Hills, N. J.

. Weymouth.

. Highland Park, 111.

. Amherst.

. South Sudbuiy.

. Gloucester.

. Ware.

. Leverctt.

. Chelmsford.

. Wellesley.

. Marblehead.

. Holden.

. Amherst.

. Amherst.

. Franklin.

. Sunderland.

. Marblehead.

. Boston.

. Glenaladale, Lot 36, Prince

Edward's Island.

. Amherst.

. Gloucester.

. South Orange, N. J.

. Westfield.

. Allston.

. Cornwall Hollow, Conn.

. Amherst.

. Northfield.

. Amherst.
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Taylor, George Everett,

Thomson, Henry Martin,

Tyng, Charles,

Tyng, George McAlpine,

West, Homer Cady,

Willard, George Bartlett,

Williams, Milton Hubbard,

Wood, Augustus Roswell,

Total,

Shelburne.

Monterey.

Victoria, Texas.

Victoria, Texas.

Belchertown.

Waltham.

Sunderland.

Central Village.

41

Freshman Class.

Barrus, Sheridan Ezra,

.

Bartlett, Fred Goff,

Beals, Alfred Tennyson,

Clark, Henry Disbrow,

.

Curley, George Frederick,

Davis, Herbert Chester,

Faneuf, Arthur Gelis, .

Goodrich, Charles Augustus

Green, Carlton Dewitt,

.

Gregory, James Howard,

Harlow, Francis Turner,

Harlow, Harry James, .

Harvey, David Pierce, .

Haskell, Ernest Albert,

Hawkes, Ernest Alfred,

Henderson, Frank Howard,

Higgins, Nelson Francis,

Hoyt, Franklin Sherman,

Kellogg, John Hawkes,

Knight, Jewell Bennett,

Lane, William Arthur,

.

Lehnert, Eugene Hugo,

Melendy, Alphonso Edward,

Munro, David,

Parker, Charles Henry,

Pember, Walter Stephen,

Perry, John Richards, .

Poole, Jerome,

Ranney, William Henry,

Smith, Cotton Atwood, .

Smith, Fred Andrew, .

Smith, Luther Williams,

Soule, George Wingate,

Staples, Henry Franklin,

Tinoco, Luiz Antonio Ferreii

Walker, Edward Joseph,

Goshen.

Hadley.

Greenfield

Plainfield.

Upton.

Amherst.

Amherst.

Hartford, Conn.

Belchertown.

Marblehead.

Marshfield.

Shrewsbury.

Townsend Harbor.

Amherst.

Williamsburg.

Lynn.

Westhampton.

Newton, Conn.

Flartford, Conn.

Belchertown.

Rockport.

Clinton.

Sterling.

Clinton.

Holden.

Walpole.

Boston.

Rockport

.

South Ashfield.

North Hadley.

Lynn.

Ashfield.

West Dedham.
Leominster.

Campos, Rio Janeiro,

Brazil.

West Berlin.
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Weed, Wallace Dana, Marblehead.

Wells, Louie Ensign, Palmer.

Woodbrey, Gilpin Brooks, .... Brighton.

Yamamura, Kohachi, Yehimeken, Japan.

Total, 40

Resident Graduates at the College and Experiment Station.

Cooley, B.Sc., Fred Smith, .... Sunderland.

Crocker, B.Sc, Charles Stoughton (Boston

Univ.), Sunderland.

Flint, B.Sc, Edward Rawson (Boston Univ.)

,

Amherst.

Hartwell, B.Sc, Burt Laws (Boston Univ.), Littleton.

Kinney, B.Sc, Lorenzo Foster (Boston

Univ), Worcester.

Knapp, B.Sc, Edward Everett (Boston

Univ.), Glenwood.

Moore, B Sc, Robert Bostwick (Boston

Univ.), Framingham.
Nourse, B.Sc, Arthur Merriam, . . . Westborough.

Parsons, B Sc , Wilfred Atherton, . . Southampton.

Shepardson, B.Sc , William Martin (Boston

Univ.), Warwick.

Woodbury, B.Sc, Herbert Elwell, . . Gloucester.-

Total, 11

Summary.
Resident graduates, 11

Graduates of 1889, . . .14
Senior class, 21

Junior class, 19

Sophomore class, . .41
Freshman class, 40

Total, . 146
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TEXT BOOKS.

Packard— " Manual of Book-keeping.

"

Morton— " Soil of the Farm."

Gregory— " Fertilizers."

Miles— " Stock Breeding."

Armsby— " Manual of Cattle Feeding."

Gray— " Manual of Botany."

Bessey— " Botany for High Schools and Colleges."

Fuller— " Practical Forestry."

Maynard— " Practical Fruit Grower."

Scott— " Rural Homes."

Avery— " Elements of Chemistry."

Wills— " Tables for Qualitative Chemical Analysis."

Wheeler— " Medical Chemistry."

Bloxam— " Chemistry."

Dana— " Manual of Mineralogy and Lithology."

Brush— " Determinative Mineralogy and Blow-pipe."

Guyot— 4 ' Physical Geography."

Wentworth— " Algebra."

Wentworth— u Geometry."

Wells— " Trigonometry."

Warner— u Mensuration."

Davies— " Surveying."

Dana— " Mechanics."

Atkinson Ganot— "Physics."

Loomis— " Meteorology."

Comstock— " Elementary Latin Book."

Whitney— " French Grammar."

Genung— " Practical Elements of Rhetoric."

Kellogg— " English Literature."

Porter— " Elements of Intellectual Science."

Walker— " Political Economy."

White— " Progressive Art Studies." Elementary and Instru-

mental.

To give not only a practical but a liberal education, is the aim

in each department ; and the several courses have been so arranged

as to best subserve that end. Weekly exercises in composition

and declamation are held throughout the course. The instruction

in agriculture and horticulture is both theoretical and practical.



1890.] PUBLIC DOCUMENT— No. 31. 49

A certain amount of labor is required of each student, and the

lessons of the recitation room are practically enforced in the garden

and field. Students are allowed to work for wages during such

leisure hours as are at their disposal. Under the Act by which

the college was founded, instruction in military tactics is made

imperative ; and each student, unless physically debarred,* is

required to attend such exercises as are prescribed, under the

direction of a regular army officer stationed at the college.

ADMISSION.

Candidates for admission to the freshman class are examined,

orally and in writing, upon the following subjects : English

grammar, geography, arithmetic, algebra to quadratic equations,

the metric system, and the history of the United States.

Candidates for higher standing are examined as above, and also

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. Every applicant is required to furnish a certificate of good

character from his late pastor or teacher. Candidates are re-

quested to furnish the examining committee with their standing

in the schools they have last attended. The previous rank of the

candidate will be considered in admitting him. The regular exam-

inations for admission are held at the Botanic Museum, at nine

o'clock a.m., on Thursday, June 19, and on Tuesday, September

2 ; but candidates may be examined and admitted at any other

time in the year. For the accommodation of those living in the

eastern part of the State, examinations will also be held at nine

o'clock a.m., on Thursday, June 19, at the office of the Secretary of

the Board of Agriculture, in the Commonwealth Building, Boston
;

and, for the accommodation of those in the western part of the

State, at the same date and time, at the Sedgwick Institute, Great

Barrington, by James Bird.

DEGREES.
Those who complete the course receive the degree of Bachelor

of Science, the diploma being signed by the Governor of Massa-

chusetts, who is president of the corporation.

Regular students of the college may also, on application, become
members of Boston University, and upon graduation receive its

diploma in addition to that of the college, thereby becoming
entitled to all the privileges of its alumni.

* Certificates of disability must be procured from Dr. D. B. N. Fish of Amherst.
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EXPENSES.
Tuition, in advance :

—
Fall term, .

Winter term, . .

Summer term, . . . .

Room rent, in advance, $5.00 to $16.00 per

term, .

Board, $2.50 to $5 00 per week,

Fuel, $5.00 to $15.00 per year, .

Washing, 30 to 60 cents per week, .

Militarv suit,

Expenses per year,

$30 00 •

25 00

25 00 $80 00 $80 00

15 00 48 00

95 00 190 00

5 00 15 00

, 11 40 22 80

17 75 17 75

$224 15 $373 55

Board in clubs has been two dollars and fifty cents per week ; in

private families, four to five dollars. The military suit must be

obtained immediately upon entrance at college, and used in the

drill exercises prescribed. For the use of the laboratory in prac-

tical chemistry there will be a charge of ten dollars per term used.

Some expense will also be incurred for lights and for text books.

Students whose homes are within the State of Massachusetts can

in most cases obtain a scholarship by applying to the senator of

the district in which they live. The outlay of money can be fur-

ther" reduced by work during leisure hours on the farm or in the

botanic department. Application should be made to the professors

in charge of said departments. The opportunities for work are

more abundant during the fall and summer terms.

ROOMS.

All students, except those living with parents or guardians, will

be required to occupy rooms in the college dormitories.

For the information of those desiring to carpet their rooms, the

following measurements are given : In the new south dormitory, the

study rooms are about fifteen by fourteen feet, with a recess seven

feet four inches by three feet ; and the bedrooms are eleven feet

two inches by eight feet five inches. This building is heated by

steam. In the north dormitory, the corner rooms are fourteen by

fifteen feet, and the annexed bedrooms eight by ten feet. The

inside rooms are thirteen feet and one-half by fourteen feet and

one-half, and the bedrooms eight by eight feet. A coal stove is

furnished with each room. Mr. Thomas Canavan has the general

superintendence of the dormitories, and all correspondence rela-

tive to the engaging of rooms should be with him.
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SCHOLARSHIPS.

Established by Private Individuals.

Mary Robinson Fund of one thousand dollars, the bequest of

Miss Mary Robinson of Medfield.

Whiting Street Fund of one thousand dollars, the bequest of

Whiting Street, Esq., of Northampton.

Henry Gassett Fund of one thousand dollars, the bequest of

Henry Gassett, Esq., of North Weymouth.

The income of the above funds is assigned by the faculty to

worthy students requiring aid.

CONGRESSIONAL SCHOLARSHIPS.

The trustees voted in January, 1878, to establish one free

scholarship for each of the congressional districts of the State.

Applications for such scholarships should be made to the repre-

sentative from the district to which the applicant belongs. The

selection for these scholarships will be determined as each member

of Congress may prefer ; but, where several applications are sent

in from the same district, a competitive examination would seem

to be desirable. Applicants should be good scholars, of vigorous

constitution, and should enter college with the intention of remain-

ing through the course, and then engaging in some pursuit connected

with agriculture.

STATE SCHOLARSHIPS.

The Legislature of 1883 passed the following Resolve in favor

of the Massachusetts Agricultural College :
—

Resolved, That there shall be paid annually, for the term of four

years, from the treasury of the Commonwealth to the treasurer of the

Massachusetts Agricultural College, the sum of ten thousand dollars, to

enable the trustees of said college to provide, for the students of said

institution, the theoretical and practical education required by its charter

and the law of the United States relating thereto.

Resolved, That annually, for the term of four years, eighty free schol-

arships be and hereby are established at the Massachusetts Agricultural

College, the same to be given by appointment to persons in this Com-
monwealth, after a competitive examination, under rules prescribed by

the president of the college, at such time and place as the senator then

in office from each district shall designate ; and the said scholarships

shall be assigned equally to each senatorial district. But, if there shall
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be less than two successful applicants for scholarships from any sena-

torial district, such scholarships may be distributed by the president of

the college equally among the other districts, as nearly as possible ; but

no applicant shall be entitled to a scholarship unless he shall pass an
examination in accordance with the rules to be established as hereinbe-

fore provided.

The Legislature of 1886 passed the following Resolve, making
perpetual the scholarships established :

—
Resolved, That annually the scholarships established by chapter forty-

six of the Resolves of the year eighteen hundred and eighty-three be

given and continued in accordance with the provisions of said chapter.

In accordance with these resolves, anyone desiring admission to

the college can apply to the senator of his district for a schol-

arship. Blank forms of application will be furnished by the

president.

EQUIPMENT.

Botanical Department.

Botanic Museum. — This contains the Knowlton herbarium,

consisting of over ten thousand species of plants from nearly all

parts of the world ; a collection of models of nearly all of the

leading varieties of apples and pears ; a large collection of speci-

mens of wood, cut so as to show their individual structure ; nu-

merous models of tropical and other fruits ; specimens of abnormal

and peculiar forms of stems, fruits, vegetables, etc. ; many inter-

esting specimens of unnatural growths of trees and plants, natural

grafts, etc. ; together .with many specimens and models, prepared

for illustrating the growth and structure of plants, and including

a model of the "giant squash," which raised by its expansive

force the enormous weight of five thousand pounds.

The botanic lecture room, in the same building, is provided with

diagrams and charts of over three thousand figures, illustrating

structural and systematic botany ; also fourteen compound micro-

scopes of R. B. Tolles and other manufacturers, with objectives,

ranging from four inch to one-fifteenth inch focal length. In the

study of structural botany, the students become familiar with the

use of the compound microscope, and see the objects studied for

themselves ;. special attention being given to the practical study of

the structure and growth of the common plants, cultivated in the

green-house, garden, or on the farm. This work is done in the

botanical laboratory connected with the lecture room.
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Conservatories. — The Durfee conservatory, the gift of the Hon.

Nathan Durfee, contains a large collection of plants especially

adapted to illustrate the principles of structural, systematic and

economic botany, together with all the leading plants used for

house culture, cut flowers, and out-door ornamentation. Here

instruction is given in methods of propagation, cultivation, train-

ing, varieties, etc., by actual practice, each student being expected

to do all the different kinds of work in this department. These

houses are open at all times to the public and the students, who
may watch the progress of growths and methods of cultivation.

Two new propagating houses have been built the last season,

one heated with steam and the other with hot water? combining

many illustrations in the way of methods of building, which,

together with the other green-houses, afford an abundant oppor-

tunity for the study of green-house building and heating.

Fruits.— The orchards, of ten to fifteen acres, contain all the

standard varieties of apples, pears, peaches, plums, cherries, etc.,

in bearing condition. Several acres of small fruits are also grown

for the markets. The vineyard, of one and one-half acres, con-

tains from thirty to forty varieties of fully tested kiuds of grapes.

New varieties of all the above fruits are planted in experimental

plats, where their merits are fully tested. All varieties of fruits,

together with the ornamental trees, shrubs and plants, are dis-

tinctly labelled, so that students and visitors may readily study

their characteristics. Methods of planting, training, pruning,

cultivation, study of varieties, gathering and packing of fruits,

etc., are taught by field exercises, the students doing a large part

of the work in this department.

Nursery.— This contains more than twenty-five thousand trees,

shrubs and vines in various stages of growth, where the various

methods of propagating by cuttings, layers, budding, grafting,

pruning and training of young trees, are practically taught to the

students.

Garden.— All kinds of garden and farm-garden crops are

grown in this department for market, furnishing ample illustra-

tion of the treatment of all market-garden crops, special attention

being given to the selection of varieties and the growth of seed.

The income from the sales of trees, plants, flowers, fruits and

vegetables, aids materially in the support of the department, and

furnishes illustrations of the methods of business, with which all

students are expected to become familiar.

Forestry. — Many kinds of trees suitable for forest planting are

grown in the nursery ; and plantations have been made upon the

college grounds and upon private property in the vicinity, in
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various stages of growth, affording good examples of this most

important subject. A large grove in all stages of growth is

connected with this department, where the methods of pruning

forest trees and the management and preservation of forests can

be illustrated.

Natural History Department.

The department of zoology is well supplied with microscopes

and accessories* necessary for the study of the lower forms of life

and the tissue of the higher animals. The State collection of

specimens illustrating the natural history of Massachusetts has

been put on exhibition in the new cabinet, and is valuable for

purposes of instruction. To this has recently been added a

collection of skeletons, models and stuffed animals, purchased

from Prof. H. A. Ward, and a fine collection of corals presented

by the Museum of Comparative Zoology of Cambridge.

Mathematical Department.

The instruction embraces pure mathematics, civil engineering,

mechanics and physics. For civil engineering there is an Eckhold's

omnimeter, a solar compass, an engineer's transit, a surveyor's

transit, two common compasses, two levels, a sextant, four chains,

three levelling rods, and such other incidental apparatus as is nec-

essary for practical field work. For mechanics there is a full set

of mechanical powers, and a good collection of apparatus for illus-

tration in hydrostatics, hydro-dynamics and pneumatics. For

physics the apparatus is amply sufficient for illustrating the gen-

eral principles of sound, heat, light and electricity. Adjacent to

the commodious lecture room are a battery room and the physical

cabinet, to which latter has been lately added much valuable

apparatus.

Chemical Department.

This department has charge of instruction in general, agricult-

ural and analytical chemistry, and, at present, of that in miner-

alogy and chemical geology. For demonstration and practical

work in these subjects, the department is equipped as follows :
—

For general chemistry, the lecture room contains a series of

thirty wall charts, illustrative of chemical processes on the large

scale ; a series of seven wall charts, showing the composition of

food materials ; and a collection of apparatus for demonstration on

the lecture table. For agricultural chemistry there is on hand a

good typical collection of raw and manufactured materials, illus-

trating fertilization of crops and the manufacture of fertilizers
;

a partial collection of grains and other articles of foods, and of
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their proximate constituents. For analytical chemistry there is a

laboratory for beginners, in a capacious room, well lighted and

ventilated, and furnished with fifty-two working tables, each table

being provided with sets of reagents, wet and dry, a fume chamber,

water, gas, drawer and locker, the whole arranged on an improved

plan ; a laboratory for advanced students, with eight tables, and

provided with gas, water, fume chambers, drying baths, furnaces,

two Becker analytical balances, and incidental apparatus. Both

laboratories are supplied with collections of natural and artificial

products used in analytical practice. For instruction in mineralogy,

use is made of the larger chemical laboratory. A small collection

of cabinet specimens, and a collection of rough specimens for work

in determinative mineralogy, serve for practical study. For in-

struction in chemical geology, the laboratory possesses a collection

of typical cabinet specimens.

Library.

This now numbers ninety-one hundred and sixty volumes, having

been increased during the year, by gift and purchase, eight hun-

dred and seventy-five volumes. It is placed in the lower hall of

the new chapel-library building, and is made available to the gen-

eral student for reference or investigation. It is especially valu-

able as a library of reference, and no pains will be spared to make it

complete in the departments of agriculture, horticulture and botany,

and the natural sciences. It is open a portion of each day for

consultation, and an hour every evening for the drawing of books.

PRIZES.

Rhetorical Prizes.

The prizes heretofore offered by Isaac D. Farnsworth, Esq.,

will this year be given by Hiram Kendall, of the class of 1876.

These prizes are awarded for excellence in declamation, and are

open to competition, under certain restrictions, to members of the

sophomore and freshman classes.

Grinnell Agricultural Prizes.

Hon. William Claflin of Boston has given the sum of one thou-

sand dollars for the endowment of a first and second prize, to be

called the Grinnell Agricultural Prizes, in honor of George B. Grin-

nell, Esq , of New York. These two 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.
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Hills Botanical Prizes.

For the best herbarium collected by a member of the class of

1890 a prize of fifteen dollars is offered, and for the second best a

prize of ten dollars ; also a prize of five dollars for the best col-

lection of woods, and a prize of five dollars for the best collection

of dried plants from the college farm.

The prizes in June, 1889, were awarded as follows :
—

Kendall Rhetorical Prizes.— Aldice G-. Eames (1891), 1st;

Walter A. Brown (1891), 2d; Harlan F. Stone (1892), 1st;

Claude A. Magill (1892), 2d.

Grinnell Agricultural Prizes.— Burt L. Hartwell (1889), 1st;

Charles A. Whitney (1889), 2d.

Hills Botanical Prize. — William A. Kellogg (1889).

RELIGIOUS SERVICES.

Students are required to attend prayers every week-day at

8.15 a.m. and public worship in the chapel every Sunday at 10.30

a.m., unless, by request of their parents, arrangements are made

to attend divine service elsewhere. Further opportunities for

moral and religious culture are afforded by a Bible class taught at

the close of the Sunday morning service, and by religious meetings

held on Sunday afternoon and during the week, under the auspices

of the Young Men's Christian Union.

LOCATION.

Amherst is on the New London Northern Railroad, connecting

at Palmer with the Boston & Albany Railroad, and at Miller's

Falls with the Fitchburg Railroad. It is also on the Central Mas-

sachusetts Railroad, connecting at Northampton with the Connec-

ticut River Railroad and with the New Haven & Northampton

Railroad.

The college buildings are on a healthful site, commanding one

of the finest views in New England. The large farm of three

hundred and eighty-three acres, with its varied surface and native

forests, gives the student the freedom and quiet of a country

home.
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ON THE MOST PROFITABLE USE OF COMMER-
CIAL MANURES.*

By Prof. Paul Wagner, Director of the Agricultural Experiment
Station, Darmstadt, Germany.

In 1879, just ten years ago, there was published by Professor

Maercker a discussion bearing the above title. This discussion

was of great value. It presented the experience which prominent

agriculturists, particularly farmers of the Province of Saxony,

had collected concerning the application of commercial manures,

and which Maercker's skilful hand and practised eye admirably

incorporated in a summarized statement of the doctrines of manur-

ing, conformable to the knowledge of the times, and the then

existing needs of agriculture.

The aim of this paper is to' present, in the briefest possible out-

line, the present situation, in several chapters, of manuring, and

then to attempt to give proper place and value to the experience

of the past decade in the science of manuring. This latter will

at the same time be presented in somewhat changed and enlarged

proportions.

I at once present this question : Under what conditions is it pos-

sible to essentially increase the return from the soil by the applica-

tion of artificial fertilizers? The answer is, Wherever hungry

plants grow, wherever the earth produces plants which hunger for

nitrogen, phosphoric acid or potash, there the application of com-

mercial manures should be made.

The cause for small returns is not always a lack of plant food.

Often the plant suffers from thirst ; from insufficient porosity of

the soil, whereby the root development is checked ; from caking

of the soil, which works harmfully ; from impenetrability of the

soil, by which stagnant water with all its attendant evils is en-

* Translated by Prof. Charles Wellington, in answer to the demand for informa-

tion on the subject.
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tailed ; from deficiency of lime, of humus, etc.
; in short, there

are very many physical and chemical relations of soil or unfavor-

able conditions of weather which prevent the plant from a healthy

development, and which diminish the crop.

In such cases, generally, the plant has no need of a large

addition of food ; it does not hunger. The small quantities of

nutriment present in the soil suffice to produce the crops possible

under so unfavorable circumstances. Here the establishment of

better conditions must be made by irrigation or draining, deep

culture, better ploughing, harrowing, hoeiug, marling, mucking,

etc. The plants will then attain a development requiring, for the

production of the harvest then possible, a greater food supply

than the unenriched soil can yield.

Deep, well-tilled, humus loam, under good atmospheric condi-

tions, offers, therefore, relatively the best pledge for a sure effect

from commercial manures ; and every means which improves the

quality of soil advances the success of the same. Luxuriant plant

growth and intensive soil culture are synonymous with intensive

conversion of plant food into crops. The demand for, and con-

sumption of, plant food, must therefore always be greatest where

the greatest yield is produced or producible. In a given case, the

more favorable the conditions, aside from those relative to nitro-

gen, phosphoric acid and potash, the faster will be the consump-

tion of, and the quicker the hunger for, those substances, and just

so much earlier can an addition of plant food, beyond that barely

necessary to appease hunger, be made to the crops ; that is, the

crops can, as it were, be fattened.

In intensive cattle feeding, something more is sought to be ac-

complished than the satisfying of the mere needs of the animals.

Were it simply a question of appeasing hunger, food could often

be saved. But a further end is sought ; namely, an intensive con-

version of fodder constituents into animal matter within the animal

organism ; namely, a production of milk, muscle, fat, which shall

be considerably greater than that actually demanded by the ani-

mals, and which can only be accomplished by increasing the appe-

tite, by the use of specially palatable and easily digestible food.

iBut the same order holds in crop production. When feasible,

plants should be cultivated which possess prominent productive

powers,— as it were, great fattening capacity; and these plants

should be stimulated to more intensive assimilation and work of

transmutation than correspond to their normal necessities, by being

supplied with easily soluble manures. As already stated, the best

possible results are to be reached only on better grades of soil, and

under relatively favorable conditions. Still, it would be a grave
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mistake to assume that artificial manures can be used advan-

tageously only on the better grades of soil. This would be abso-

lutely incorrect ; for large, and, under favorable circumstances,

larger results are secured from the application of artificial manures

on poor and even neglected and exhausted soils. In such cases,

the application of fertilizing materials must be made with greater

precaution and intelligence ; for it demands far greater attention

to special conditions, and entails greater risk than with better

soils. Saltpetre manuring, for example, on soils of low grade,

requires more precaution than on medium soils. After the appli-

cation of saltpetre, the danger of loss of nitrogen has to be taken

into account, in extremely permeable soils subject to repeated rain

washings, and in heavy soils that are liable to cake and harden.

Moreover, a very light soil often permits the plants to thirst in

midsummer, and thus renders them incapable of elaboration of

large quantities of nitrogen. For this reason, on such soils arti-

ficial manures are more frequently applied with winter crops,

while in spring crops the chief feeding period is advanced as much
as possible.

Unfavorable physical conditions of soil diminish the guarantee

of a satisfactory effect from commercial manures ;' and yet, in the

use of these, it is possible to check the interference of the former

with plant development. Intensive nutrition of the plant in its

earlier stages effects a deeper,root growth, whereby evil results of

drought are prevented ; it likewise effects an early shading of the

ground, which opposes surface hardening; also, a more vigorous

development of the plant, thereby diminishing danger from surface

and subterranean enemies, which in unfavorable weather threaten,

in the form of fungous diseases, etc., and which, as is well known,

are much greater in soils of poor quality than in those of better.

Although it is true that a soil well found as to culture and

plant food better ensures effect from artificial manures than a

neglected and exhausted one, it is, on the other hand, important

to emphasize the fact that a cautious and rational application of

commercial manures to an exhausted soil can often bring about

very valuable returns. As is generally known, an application

of barnyard manure on such soils has very little effect at first.

Only after a series of years, and after repeated and heavy appli-

cations of manure, can the former fruitfulness of the soil be

recovered. But, with the aid of artificial manures, we are in a

position to bring this soil to high productive power at once, and

to retain it there until the barnyard manure yields generous results,

and has brought back a richness lost by previous irrational,

exhaustive management.
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By these brief hints it will be seen that artificial manures are

applicable not only to rich but also to poor soils ; and they can

render the observant farmer, be his soil what it may, a most wel-

come service.

I will summarize as follows :
—

1. Commercial manures place the farmer who cultivates inten-

sively in a position to bring his crops, even of those varieties

which need most plant food or are most productive, to their highest

development, increasing the yield to a degree that is not possible

by mere barnyard manuring ; and furthermore, they place him in

a position to return very exhaustive crops to their former fields,

after relatively short intervals, and that without perceptible

diminution of yield or exhaustion of the soil.

2. Commercial manures place the cautious and circumspect

farmer in a position to increase, temporarily or permanently, the

development of crops on every soil, even on the poorer ; and to so

adjust the nutrition of the same to the peculiar relations of soil,

climate and weather, as to secure full advantage from the favor-

able conditions, diminishing, and, as far as possible, removing,

the unfavorable.

3. Commercial fertilizers enable the farmer who cultivates

extensively to make the most of his wide acres for the storing of

atmospheric nitrogen. Phosphates and potash salts give to

lupine, clover, vetches, pease, serradella, etc., the power to with-

draw from the atmosphere great quantities of nitrogen, thus enrich-

ing husbandry with the most valuable of all fertilizers. They also

enable them to increase the food capital, and to gradually trans-

form the extensive production into an intensive one, thereby

increasing both the value of the land and the revenue.

The inquiry now is pertinent, What are the plant foods, and in

what quantities shall we apply them in a given case, in order to

obtain the highest possible net profit? The answering of this

query is fraught with difficulties. It is easy in a particular case

to say whether or not commercial fertilizers would produce an

increased yield. The crops often tell whether or not they are

suffering from hunger. Their pale color betrays a lack of nitrogen
;

or a red-brown shade in the green of the leaves indicates that the

slowness of their development, in spite of rain and sunshine, is a

result of insufficient nourishment. A single trial, even, shows

whether the soil is really receptive of manures ; and, to the

farmer's experienced eye, there is no particular difficulty in deter-

mining approximately the extent of this.

But the questions, Which foods are superfluous ; which, on the

contrary, are necessary : and how much of each is demanded in a
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given case to reach the highest possible net gain? are not so easy

to answer. I will attempt in a single example to state the case

clearly, and to show the difficulty in question. Assume that we
are able to raise the yield of a certain wheat field to the extent of

2,000 pounds of grain. With what have we to fertilize the field?

In 2,000 pounds of wheat, grain and straw, there are, in round

numbers, 20 pounds of phosphoric acid, 30 pounds of potash, and

60 pounds of nitrogen. Shall we produce the increased yield, if

we add these quantities of the respective substances to the soil ?

No ; for with greater production of surface substance, more roots

are formed, and these also need food. Furthermore, the fact

must be borne in mind that the soil will not yield up to the plants

immediately the entire amount of food which it has received. It

retains sometimes more, sometimes less, for succeeding crops.

Consequently, we must bring into the soil considerably more than

the above.

Let us now assume that the following amounts have been added

to the soil : 120 pounds of phosphoric acid, 80 pounds of potash,

and 100 pounds of nitrogen. Can we now reckon on an increased

yield of 2,000 pounds of grain and about 3,000 pounds of straw?

Yes. But is this manuring a rational one? No, at least not

unconditionally. And why not? Because we have wasted per-

haps the one or the other of these food materials. Our task is to

increase the yield by 2,000 pounds at the least possible expense
;

for the gross yield is to us nothing, the net profit everything.

In view of this, we must ask, Is the soil really lacking in each of

these food constituents, and to the amount assumed? Is it not

possible that 60 pounds of phosphoric acid, instead of 120, would

have sufficed, since perhaps the soil still contains residues of this

material from previous manuring? Is it not possible that we

could have omitted the potash application altogether, because the

soil, being naturally so rich in potash, has perhaps actually no

need of application of potash salts? Or, again, if indeed 120

pounds of phosphoric acid and 80 pounds of potash were really

necessary to produce the increase, is it not possible that we could

have economized in the costly nitrogen manuring ? Is it not pos-

sible that the soil is chiefly exhausted only of phosphoric acid and

potash, and that, in consequence of intensive barnyard or green

manuring, or of the value of the humus or of rich nitrogenous

remains, such as pea, vetch, clover or lupine roots, etc., it con-

tains an excess of nitrogen?

All this is" quite possible. We have practised great extrava-

gance, and could have compounded a much cheaper manure and

still have obtained the full increase. To manure rationally, we
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must question not only the needs of the plant, but also the

manurial conditions and food supply of the soil. We must know
both the quantities of food constituents which the crop needs and

also the amount of the various kinds of available food in the soil,

to be able to judge whether the additional need of the crop in one

or the other constituent cannot be supplied either entirely or partly

from residues now in the soil.

By what means can we learn whether the soil contains a surplus

of phosphoric acid or nitrogen or potash, or of any two of these?

Can we learn by means of a chemical investigation of the soil ?

No ; this has been tried repeatedly, but with no satisfactory

result. The quantities of food constituents which are dissolved

by chemical reagents do not always correspond to those quantities

which the plant roots are able to appropriate from the soil. There-

fore, conclusions respecting the fruitfulness of the soil, arrived at

from study of the results of chemical analysis, are often entirely

incorrect. Very often it has appeared that soils which, according

to the results of chemical analysis, are rich in phosphoric acid, are,

so far as the plants are concerned, very poor in this constituent.

Soils whose total content of phosphoric acid is relatively slight,

are not always, by any means, in need of phosphate manuring.

Elements of plant food appear in great variety of combinations,

and in many different degrees of solubility. Chemical analysis is

not in a position to apply a solvent to soils, corresponding to the

decomposing agencies of the natural field and to the dissolving

power of the roots. Such a solvent is not yet discovered. Safe

conclusions concerning the needs of a soil, as to manuring, can be

drawn from the results of chemical analysis only when these

show exceptionally high or low amounts present. As a rule,

therefore, we must seek other means for solution of the question

before us. Such we have in the fertilizer experiment ; and this

brings us to a theme which might easily lead to tedious and pro-

longed discussions, but I shall endeavor to be brief. I will show

in a few words that the fertilizer experiment, at least as it is

commonly carried out, fails to accomplish the purpose.

Take, again, the above example, and let us assume that by the

fertilizer experiment it can be proved whether potash or phosphoric

acid or nitrogen, or any two of these materials, can be spared

either half or entirely from the manure, without thereby diminish-

ing the yield which would have been obtained by applying the

entire manure. We make the following trials :
—
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Manurial Ingredients applied in
Pounds per Acre.

NUMBER OF EXPERIMENT.
Phosphoric

Acid.
Potash. Nitrogen.

1,

2,

3,

4,

5,

6,

7,

8,

9,

10,

11,

•

54

54
54
54
27
27
27
54

36

36

36

36
18

36

44
44
44

44
44
44
44
22

Here are trials each of which should be made at least twice,

which results in twenty-two trials. The amount of labor involved

is great. Even if we brave the work and expense, will the result

correspond to the trouble? Let us consider. Assume that the

experiments have been carefully carried out, and are successful

;

that the weather has caused no failures ; that there were no ine-

qualities in character of soil ; that birds have consumed the same

amount from each plot ; that the damage from insects, mice and

fungoid diseases, loss of seed in cutting, transporting, threshing,

etc., has fallen alike on all plots, so that the figures obtained can

be accepted as sufficiently accurate. How far, now, do the results

bring us ? To what extent do they enable us to arrange a manure

for our soils? Let us assume to have found, with or without

phosphoric acid, an equal increase. We most certainly infer that,

in the present case, it would have been rational not to fertilize this

wheat field with phosphoric acid. But what further conclusion

therefrom? That, in future, we do not need to manure this or

similar fields with phosphoric acid? No, at least not without

further study ; for the phosphoric acid surplus shown by these

experiments consisted perhaps simply of a quickly consumed

residual from the last manuring, but not of an annually formed

quantity of soluble phosphoric acid, coming from a reserve in the

soil.

Thus our twenty-two carefully executed experiments would have

told us, at autumn, how we should have manured that particular

soil in the spring. We do not know whether we should manure

with phosphoric acid, and with how much we should manure the

crops succeeding the wheat, which would very possibly demand

from the soil quite different proportions of phosphoric acid, etc.
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This is indeed poor success. We may well counsel against such

slightly profitable experiments, or indeed save ourselves even this

effort; for the farmer, in spite of much advice to the contrary,

never makes such experiments, and for this he cannot be blamed.

I endorse his views, when he considers that a thorough and reliable

experiment costs more than the value of the results, and that a

superficial experiment and careless interpretation of results leads

to very serious errors.

I am of the firm belief, that, in this entire subject, study has

not been carried on in quite the right direction, and that funda-

mental reform must be aimed at, in order to render possible a

well-planned and rational application of artificial manures. At

present, there is much to be desired. General rules are adhered

to. Guessing and trying in every direction is the practice. Con-

cerning the actual need of potash in the soil, we are ignorant

;

and we quiet our curiosity by applying here and there a little

potash, without once knowing whether its application is in the

right place, is sufficient, or indeed even necessary. We manure

with superphosphate and Thomas slag according to the most

general rules, but cannot possibly determine whether too much or

too little is applied. We do not know how long a phosphoric acid

application lasts, nor how much remains for the second and third

crop after manuring. We do not know whether different phos-

phates become gradually more or less soluble in different soils,

nor in what degrees. In short, we grope in the dark. The farmer

can give himself no satisfactory account of his actions in these

matters. It is therefore impossible for him to protect himself

from profitless investment, or to get full advantage from oppor-

tunities offered. I will indicate the direction from which I hope

for a change for the better, and present the following state-

ments :
—

The belief in the necessity of accurately measuring the quan-

tities of phosphoric acid and potash required by each cultivated

plant is incorrect and irrational. The intelligent farmer, practising

intensive cultivation, long ago discovered the correct method of

procedure. He places in the soil a surplus of phosphoric acid and

potash ; and this I hold to be entirely right. Nitrogen should be

measured out to the plant as accurately as possible, but not

phosphoric acid and potash. How much phosphoric acid is needed

in a particular case,— i. e., for a particular plant on a particular

soil, — in order to produce the -greatest possible yield, cannot be

closely calculated. The one soil is rich in potash, the other poor

;

the one rich in phosphoric acid, the other poor. The one crop

needs much easily soluble potash or phosphoric acid, the other
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little. The one soil yields the phosphoric acid, applied in easily

soluble form, directly ; the other renders it less soluble, and

demands a relatively heavier manuring to produce an equal result.

The one soil has never or very rarely received phosphates, the

other large quantities almost yearly ; and it is possible that the

latter possesses a store equal to the demand for several years.

How can the farmer find his way through all these difficulties ?

He cannot. Nothing remains but to apply an excess of both food

constituents ; and in this there is indeed no danger, for potash

and phosphoric acid are substances which the soil binds up and

preserves for later crops, in case the one immediately following

demands them only partially or not at all.

With nitrogen it is quite different. Nitrogen is not bound by

the soil ; it remains freely movable. The residual from a crop

would be in danger, during the winter months, of being washed

into the subsoil, and lost.

But, aside from all the difficulties, at present insurmountable,

which prevent an exact measurement of phosphoric acid and pot-

ash, this is not the correct procedure ; and, further, it is under

all circumstances rational to apply a surplus of these food con-

stituents. In support of this, I adduce the following :
—

Assume that, of the phosphoric acid in the soil, not more than

one-half pound per acre can be assimilated. This, then, might

suffice, if the plant development progressed uniformly, and the

weather was favorable during the entire period of vegetation.

But continuously favorable weather we never have.

Now let the plants thirst for weeks at a time. No phosphoric

acid is assimilated, nothing is elaborated. If rain comes and then

warm weather, the plants must, if a maximum harvest is to be

had, retrieve what has been lost, and within the next week elabo-

rate as much as they should have done in two or three weeks'

time. For this two or three fold daily production they require a

two or three fold quantity of phosphoric acid ; and this they can

get only when there is in store a corresponding surplus, a supply

from which, during a few days, the plants can draw more than

under normal circumstances is necessary.

A sure maximum harvest, under actual circumstances, is only

obtained when the plant is in position to take full advantage of

particularly favorable weather, such as is presented only during

very limited periods of time. The storage of phosphoric acid in

the soil must therefore be sufficiently large to meet not only the

normal demand of the plant, but also an occasional abnormal re-

quirement. Consider the enormous amount of plant material often

produced on a rich field, in a few days of warm, moist weather r
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and the large quantities of phosphoric acid which within a short

space must be assimilated and incorporated.

What we have found to be true of phosphoric acid must also be

true of potash ; for this does not remain in freely removable con-

dition 'like the saltpetre nitrogen. It is absorbed, and only given

up by the soil in small quantities. Therefore, I say, a sufficient

excess of phosphoric acid and potash must be present in the soil,

— a supply sufficient to satisfy the demand not only on days of

normal production, but also on days of the most vigorous growth.

But if now we accept the demand for storing a surplus of phos-

phoric acid and potash in the soil as one of general importance,

then the question relative to our fertilizer experiment takes a much
more simple form, and its requirements are more easily fulfilled.

If a field be manured simply with the usual amount of phos-

phoric acid, leaving a small area, say fifty square yards, without

application, it can be determined without difficulty whether the

phosphoric acid acts, or not. Any effect should be detected by

the eye, and, roughly, the amount. This is especially plain in the

straw crops at a very early period, before and during the stem

formation, and not, as has erroneously been supposed, at the seed

setting. If the phosphoric acid acts, then surely the manuring

was necessary, and a sufficient surplus was not previously on

hand.

With the next crop, the manuring is to be repeated ; and again

a small piece, of course in a different position from the first, is to

be left free from manure. Observation is again made as to any

effect, and its degree. In case q£ an apparent effect, especially

of a very marked one, the phosphate manuring is continued per-

haps through a series of years, and eventually increased. From
year to year, then, the soil becomes richer in this food constituent

;

for, of every 200 pounds of soluble phosphoric acid brought into

the soil, the next succeeding crop uses, as a rule, not more than

20, 40 or 60 pounds, 140 to 180 pounds remaining in the soil, for

the use of the succeeding cultures. Thus, from year to year, the

point is neared from which the phosphoric acid manuring can be

diminished without danger of starving the plants. In the execu-

tion of the experiments just indicated, which I will more minutely

describe in another place, there is no difficulty in following the

changes in the fertilized condition of the soil, or in drawing prac-

tical results from observations made.

The question, With how much phosphoric acid and potash shall

we fertilize our domestic plants, in order to reach an increased

yield of greatest net profit ? would accordingly be answered as

follows. By means of an easily performed experiment, whose
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results can be determined even by ocular observation, we deter-

mine whether, in the soil to be fertilized, there is a deficiency or

surplus of phosphoric acid and potash. If a deficiency is shown,

we apply the food constituents named, in quantities within the

limits of ordinary practice. During the first years, in case the

soil has shown itself to be very much in need of manure, heavy

applications (60 to 70 pounds of soluble, or 125 to 145 pounds

Thomas, phosphoric acid per acre) are made, in order to ensure a

sufficient surplus. With the phosphate manuring in particular,

one should not be too economical. Phosphoric acid is now at a

very low price, and the Thomas slag offers a most advantageous

means by which to supply the soil with this ingredient. In vine-

yards, orchards, and every field on which deep culture is practised,

the lower soil layers should be furnished richly with Thomas slag.

After having applied phosphoric acid abundantly during a series

of years, light manuring may take the place of the heavy (25 to

35 pounds soluble, or 50 to 70 pounds Thomas, phosphoric acid

per acre) . The after-effect of earlier manurings is now obtained,

and by experiment we determine whether phosphoric acid applica-

tion cannot often be entirely omitted. When, for example, Mr.

F. Heine of Emersleben* reckons that during a period of sixteen

years he has incorporated into his farm an average per acre of not

less than 57 pounds of phosphoric acid a year more than he has

removed, it is not surprising that further -phosphoric acid manur-

ing should effect nothing in his soil already so strongly enriched,

and that he could rely for several years on this collected supply.

The necessary surplus of phosphoric acid must not be permitted

to become a superfluity. This is also to be said concerning

potash ; but naturally rich potash soils are far more abundant than

those rich in phosphoric acid, and with the potash supply of the

soil more caution is necessary. Potash is indeed absorbed by the

pulverized soil, but it becomes soluble again more easily than

phosphoric acid ; and many domestic plants are very sensitive to

strong potash manuring. More attention is therefore to be given

to potash manuring than to that of phosphoric acid, and care

must be taken to avoid a too great surplus of potash salts in the

soil.

The rule which the farmer must follow in supplying his crops

with these important foods is clear in principle and very simple
;

namely, to enrich the soil with the food constituents under considera-

tion, until they are present in sufficient surplus,— that is, till a fur-

ther enrichment is without effect; and to hold the soil in this degree

offood surplus.

* Deutche Landwirtschaftliche Presse, 1886, No. 33.
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Having reached this fundamental law for phosphoric acid and

potash manuring, we turn to the subject of nitrogen manuring,

and first ask, Must we manure all domestic plants with nitrogen ?

To this question we say, No. Pease, vetches, clover, lupines^

lucerne and similar plants make far less demands on the nitrogen

content of the soil than oats, barley, wheat, rye, buckwheat,

beets, carrots, potatoes, tobacco, flax, rape, grass, spurrey, white

mustard, etc. ; so that only in exceptional cases can it be rational

to manure the first-named plants with nitrogen salts. They pos-

sess a peculiar power to avail themselves of atmospheric nitrogen,

while the latter lack this ability, and must therefore draw the

entire amount of nitrogen necessary for their development from

the soil.

I have carried out, in connection with this question, very many
experiments in the most diverse directions, and will here adduce a

few examples from my results.

Manurings of 18, 31 and 45 pounds of nitrogen per acre were

given various crops. Barley, rye, oats, wheat, buckwheat, car-

rots, potatoes, beets, flax, rape, grass and spurrey furnished con-

siderably increased yields, and the latter stood in exact relation to

the increased manuring; while with pease, red clover, lupines,

vetches and lucerne, no increase of yield was obtained. Let the

following figures serve as illustration. For more convenient read-

ing, I have placed the yield obtained with barley, without nitrogen

manuring, at 100, and have reckoned the other yields to corre-

spond :
—
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Here can be seen with what regularity and exactness the yields

of barley, spurrey, wheat and flax increased in relation to the in-

creased manurings ; while with pease and lucerne absolutely no

increase of yield was obtained by nitrogen manuring. From the

figures it is seen at once that the pease and lucerne must have had

access to a much richer source of nitrogen than the other plants.

While the yield of barley, spurrey, wheat and flax only reached

100 to 145 on unfertilized soil, and could be brought up to about

300 only after corresponding manuring, pease and lucerne gave

on the same soil, unfertilized, a yield of 950 ; and these plants

obtained their nitrogen from so abundant a source that saltpetre

manuring made no impression whatever on them. Similar results

are reported by Hellriegel and E. v. Wolff. Still more striking

are the data which I obtained from sterile sand taken from below

the subsoil. The sand was placed in vegetation pots, furnished

with all material necessary for plant nourishment excepting nitro-

gen, and planted with barley, rape, vetches, lucerne and pease.

Barley and rape developed, on this almost nitrogen-free soil, so

scantily that they furnished only from 23 to 39 grains of vegetable

matter ; while, under the same circumstances, vetches, lucerne

and pease vegetated luxuriantly, and the latter yielded not less

than 1,389 grains of vegetable substance. If we represent by 100

the nitrogen contained in the barley and rape substance yielded,

then the nitrogen of the pea substance harvested under like cir-

cumstances is represented by the enormous amount, 8,700.

Five years ago I proved and stated that lucerne, pease, lupine,

clover and similar plants possess power of nitrogen assimilation

specifically different from that of the straw crops, potatoes, beets,

flax, rape, etc. The first-named plants, as I said, draw from

nitrogen sources which, for the straw crops, potatoes and similar

plants, are inaccessible, and in such large measure that, under

normal circumstances of culture, a manuring with nitrogen salts is

unnecessary.

We can therefore divide the agricultural plants into two groups
;

namely, nitrogen collectors and nitrogen eaters, as Schultz of

Lupitz first proposed to name them ; or, as I would suggest, into

nitrogen increasers and nitrogen consumers. The nitrogen in-

creases (pease, vetches, lupines, clovers, etc.) are plants which

increase the nitrogen content of the soil, and therefore the circu-

lating nitrogen capital of the establishment ; since they supply

their chief need of this element from the atmosphere, and demand

nitrogen food through the soil only during the first of their growth.

The nitrogen consumers (straw crops, hoed crops, etc.) are, on the

contrary, plants which consume the nitrogen capital of the estab-
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lishment and of the soil ; for they can appropriate what amounts

to nothing from the atmospheric supply, and must absorb all

nitrogen contained in their harvest products in the form of nitrogen

salts. The great significance which the nitrogen increasers have

upon the economy of the soil, and the magnificent service which

they are able to render the farmer, I shall consider farther on.

We have to discuss at present the nitrogen manuring of these

plants. In referring to what has already been said, I must again

call special attention to the fact that the nitrogen increasers attain

the ability to supply their demand of nitrogen from the air only upon

reaching a certain degree of development, and that it is very difficult

for them before this period to dispense with the nitrogen of the soil.

If, now, the soil contains nitrogen enough to feed these plants till

they have attained this ability, an application of nitrogen is super-

fluous and absolutely irrational ; but, if not enough is present to

quickly accomplish such a development, then a small manuring

with Chili saltpetre or ammonia salts on the pease, vetches, clover,

etc., is necessary, and can be made highly remunerative.

In every single case the practical farmer must determine, if

necessary by experiment, whether the soil is so poor, so extremely

exhausted, that even the nitrogen increasers must be given a

nitrogen manuring. I believe that the application of nitrogen

salts for these plants can be rational only in rare cases ; and it is

not difficult to determine such, for mere observation shows whether

the plants require nitrogen, or not. If one attempts, for instance,

to grow vetches or pease on a completely sterile sand, devoid of

nitrogen, the need of this element appears gradually but plainly in

the diminutive form of the plant, and in the pale, sickly color of

the leaves. These signs vanish quickly if the plants are fed with

saltpetre. The pale color becomes green, new and healthy shoots

appear, and a vigorous growth sets in. If, on the contrary, the

plants are not manured, are allowed to hunger, the process of

vegetation remains for several weeks in this inert condition ; the

evidences of starvation increase, till finally the atmospheric supply

of nitrogen becomes accessible, and the plants vegetate as luxuri-

antly as if they had been manured with saltpetre. Although it is

indeed possible for pease, vetches, clover, etc., to attain the

capacity, after continued starvation, to draw nitrogen from the

air entirely, without the co-operation of soil nitrogen, it is never-

theless in the highest degree dangerous to expose them to this

starvation cure, for in this way many individual plants are sacri-

ficed. They are destroyed by pests, being too weak to replace

losses caused by them ; they dry up for lack of deep roots ; they

are attacked by fungous diseases, because their juices stagnate ; or
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they starve out completely. Therefore, in such cases, and only

such, the farmer should feed the starving plants a small quantity

of nitrogen, either in form of Chili saltpetre or ammonia salts
;

but only a little, as much nitrogen salt would be an extravagance.

A small application of perhaps 45 to 67 pounds of Chili saltpetre

per acre can in such case be effective and remunerative ; for it is

simply necessary to assist the plants over that critical period, and

to bring them as quickly as possible to a state of development in

which they have the ability to draw nitrogen from the atmosphere.

Concerning nitrogen manuring proper, therefore, we have to

discuss the question only with reference to the so-called nitrogen

consumers ; and I now ask, With how much nitrogen shall we

manure, in order to attain an increased yield giving the greatest

possible net gain?

Here the answer is essentially different from that in the case of

phosphoric acid and potash manuring. I state it thus : Soluble

nitrogen is not to be offered to the plants in surplus, but is to be

measured out to them as nearly as possible in needed quantities.

If we assume that vegetation is governed by plant foods, then

nitrogen is the real dictator in the matter of growth, with all

plants requiring nitrogenous manure,— that is, all nitrogen con-

sumers. The nourishment of these plants, the application of food

in proper quantity,— indeed, the entire art of manuring, is

dependent on a rational and exact application of nitrogen. The

farmer applies all other plant foods in surplus, but nitrogen he

deals out to the plants as he gives rations to his animals ; and in

this way regulates their productive activity, and gives them the

power to realize the full benefit of circumstances favorable to

vegetation, such as qualities of soil, climate, weather, be they

continuous or intermittent.

I now revert to the instance adduced on page 60, which we

will here still further consider. We had assumed the task of rais-

ing the yield of a wheat field by 2,000 pounds of grain, and had

observed that this required the crop to consume about 20 pounds

phosphoric acid, 30 pounds potash, 60 pounds nitrogen, more than

was before necessary for the production of superficial substance

(straw and grain). Further reflection led us to the conclusion

that an exact calculation of the phosphoric acid and potash neces-

sary in this case would be impossible and irrelevant. We under-

stand, moreover, that it is simply necessary to supply the soil

with an appropriate surplus of these foods, and that this presents

no great difficulty. The supply of the nitrogen, then, is the prob-

lem presented, and one requiring a different solution from that in

the cases of potash and phosphoric acid.
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In this case we can and must calculate closely. We can, since

we know that the entire nitrogen brought into the soil in the form

of saltpetre and ammonia salts is at the disposition of the plants
;

for the nitrogen in saltpetre (and also ammonia, after transforma-

tion to nitric acid) is not bound by the soil, but is as freely mova-

ble as the water of the soil.

On the other hand, we must figure closely with the nitrogen,

and not apply it in surplus, because, first, nitrogen is costly, and

with it we cannot be extravagant ; secondly, any nitrogen residue

remaining in the soil during the winter months becomes lost

;

thirdly, a too ample supply of easily soluble nitrogen causes both

an abnormal development of the crop, and also, under certain

circumstances, a harvest of inferior quality.

But the difficulty in reckoning the nitrogen necessary for a

definite increase of yield is not great. We can for the present

assume, so far as investigations now indicate, that, of every 3

pounds of saltpetre nitrogen brought into the soil, an average of

2 pounds enters into the composition of the crops. Consequently,

if we are to obtain an increased yield, containing 2 pounds of

nitrogen, we need simply to bring into the soil once and one-half

this amount ; i.e., 3 pounds of soluble nitrogen. In the case under

consideration, therefore, 60 pounds of nitrogen being necessary to

produce 2,000 pounds of wheat grain plus 3,000 pounds of wheat

straw, it is evident that 90 pounds nitrogen are to be brought into

the soil, in order to obtain the desired increase.

An approximate reckoning of the nitrogen necessary in every

case offers consequently no difficulty. Let us assume, on the one

hand, that of the 15.5 pounds nitrogen in every 100 pounds Chili

saltpetre, about 10 pounds serve in the production of the harvest.

On the other hand, we know how much nitrogen is necessary to

form every 100 pounds grain or beets or potatoes, with corre-

sponding straw and tops. We can now reckon what increased

yield we can obtain by the application of every 100 pounds Chili

saltpetre, and thereby obtain data for determining the quantity of

nitrogen to be applied, and also for judging of the result of the

manuring. I have made use of tables published by Lierke, in

computing in this manner for several crops, and give here the

results of these computations. They show the following increased

yields to be produced by applications in each instance of 100

pounds Chili saltpetre :
—

Wheat, . . . 350 pounds grain and 500 pounds straw.

Rye, .... 330 " " 850

Barley, . . < . 420 " " 600

Oats, .... 350 " " 580



74 AGRICULTURAL COLLEGE. [Jan,

Corn, . . 420

Buckwheat.

.

. 420

Potatoes, . 2,600

Sugar beets, . 4,500

Fodder beets, . 3,900

Carrots, . 3,700

Chickory, . 3,400

Meadow hay, . 645

Corn fodder, . 5,300

Rape, . . 210

Hops, . 70

Tobacco, . 180

Poppy, . 170

grain and 580

640

pounds straw.

tubers and 300 " leaves

roots and 900 (( K

" 1,000 H at

U 560 (. U

" 410 " "

hay.

green fodder.

grain and 600 pounds straw.

heads and 320 pounds leaves

and vines.

leaves and 150 pounds stems.

seed and 500 " straw.

I also place here a second representation, which shows, in

pounds per acre, the approximate limits within which it is cus-

tomary to apply nitrogen in barnyard manuring :
—

Nitrogen.

Corresponding to—

Chili Saltpetre.
Sulphate

of Amiftonia.

Straw crops, . 13 to 53 89 to 356 67 to 267

Potatoes, 22 to 45 143 to 294 _*

Sugar beets,

chickory,
carrots and

22 to 53 143 to 356 _*

Fodder beets, . 22 to 67 143 to 445 _*

Rape, turnips,

mustard,
poppy and

22 to 67 143 to 445 111 to 356

Tobacco,

.

. 13 to 27 89 to 178 67 to 134

These extreme quantities, in connection with the previous table,

will serve the agriculturist as approximations from which to reckon

an actual case of nitrogen application. In my paper on nitrogen

manuring,! I explained at length how to make these calculations,

and here will simply adduce a practical example. Let us assume

that we are to increase the yield of a wheat field by application of

* Not reckoned, because the ammonia salt manuring, for the potatoes and beets,

proved to be far less effective than the saltpetre manuring.

f " The Increase in the Produce of the Soil through the Rational Use of Nitrog-

enous Manure." Translated by G. G. Henderson. Published in 1888, by Whitaker

& Co., London.
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Chili saltpetre ; other conditions are favorable, the soil is rich in

potash, and phosphoric acid is provided. How much Chili salt-

petre must be applied ? The above representation shows it to be

customary to apply from 89 to 356 pounds Chili saltpetre per acre.

These are wide limits. From the previous table we observe that

an application of 100 pounds Chili saltpetre indicates an increased

yield of 350 pounds grain ; therefore 356 pounds saltpetre allows

us to calculate a yield of 1,246 pounds of grain. In order to

arrive at a result, we ask how much the field would produce with-

out manure. This, of course, we cannot know exactly ; but

previous experience, knowledge of the condition of the soil and of

the kind and quality of the foregoing crop, permit us to make an

approximation. Assume that the crop would be 2,000 pounds of

grain per acre, how much can we increase this production?

Here, again, it is impossible to know exactly ; but, after consider-

ing the quality of the soil, the climate, the best harvests which

neighbors and others have reached by an intensive nitrogenous

manuring, a certain amount may be stated, which can probably be

produced. By application of 320 pounds saltpetre, we could cal-

culate upon a yield increase of 1,120 pounds, i. e., of a harvest of

3,120 pounds of grain ; but now, should it be feared, in view of

local conditions or previous experience, that this amount cannot

be reached, we settle on 2,800 pounds, i. e., an increased yield of

800 pounds of grain, and therefore on an application of 240

pounds Chili saltpetre.

Now, for determining the success of the experiment, two or

three carefully measured plots are left without nitrogen applica-

tion. The yield from these must be separately harvested and

weighed, and from a comparison it may be seen whether or not

the nitrogen application has produced the effect expected. If the

result has fallen short of that,— if, perhaps, instead of 800

pounds increase only 640 pounds have resulted,— we must search

for a cause. Perhaps there was a deficiency in potash, phosphoric

acid, lime, water or warmth, which prevented the full efficiency of

the nitrogen ; or perhaps the nitrogen applied could not be fully

absorbed and assimilated, because of the influence of a heavy

spring snow storm, for example, which washed the saltpetre into

the subsoil. Perhaps the number of plants was too small, either

because of meagre seeding or destruction by late frosts ; or there

may have been too many plants,— too much seed sown, and,

because of crowding, their development was abnormal. The stand,

becoming weak, suffered from deficiency of light, and lodged.

Such questions must be raised and decision reached among these

possibilities.
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Should the cause be found by aid of further experiment, perhaps

then must be considered how to neutralize it, in order to secure

the legitimate effect of saltpetre application. If it proves to be

beyond control, we consider whether less nitrogen may not bring

greater profit. If those 240 pounds of Chili saltpetre fail of their

full effect because of* too dry soil, and if experience can give no

hope for more moisture in following years, then it is highly probable

that a smaller nitrogen application would be more profitable ; and

it is merely a matter of calculation to ascertain whether it is more

advantageous to get full effect of a smaller manuring, -or partial

effect of a full manuring. It is not invariably true that the lesser

application, although completely taken up, will furnish the highest

net profit. Relatively, this would make the larger harvest. But

a very important factor here is the absolute amount of gross return.

Let us assume that a saltpetre application of 440 pounds, which

costs about $10, gives an increased yield worth $25 ; and an appli-

cation of 880 pounds, costing about $20, returns an increased

yield not of $50, but of $40. Then the relative return from the

smaller application is indeed greater, but less advantageous, for

its net return amounts to $25 less $10, i.e., $15 ; whereas the

heavier application furnishes a net profit of $40, less $20, i.e.,

$20.

I believe now I have sufficiently explained the chief considera-

tions suggested, in the application of artificial manures. These

may be summarized as follows :
—

First. Artificial manures (phosphoric acid, potash, and nitrog-

enous fertilizers) can effect an increase of yield when all other

factors are either temporarily or permanently favorable.

Second. Phosphoric acid and potash are to be stored in the

soil until a surplus is present ; that is, until an excess beyond the

demands of the most exhaustive crops is supplied.

Third. The nitrogen increasers (lupines, pease, clover, vetches,

lucerne, etc.) need, under normal circumstances of cultivation, no

fertilizing with nitrogen salts. Only on exceptionally poor soils can

it be profitable to apply these, and in such cases the application

should be small, and made during the first period of growth. This

is for the purpose of bringing the plants, quickly and without dis-

turbance, to that stage of development beyond which soil nitrogen

is not needed, as the entire amount can be drawn from the air.

Fourth. The nitrogen consumers (straw, hoed and oil crops,

flax, hemp, tobacco,' etc.) require nitrogen manuring; but the

nitrogen must not be applied in surplus, only in quantities which

careful computation indicates necessary for a required increased

yield of the crop in question.
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We may now consider a few of the more special questions ; and

first of all, those connected with

Phosphoric Acid Manuring.

Our cultivated crops must be given a surplus of phosphoric acid ;

i.e., enough to produce, under any circumstances, the largest pos-

sible harvest. As has been said, this surplus must not be too

great ; it must not amount to a superfluity. If, year in and year

out, considerably larger quantities of phosphoric acid are put into

the field than the harvests remove, then a limit is gradually reached,

beyond which a regular repetition of the same manuring would be

irrational. When a sufficient surplus of phosphoric acid is obtained,

it should be held, but not increased. This is important especially

in manuring with easily soluble phosphates. Such phosphates,

after application to the soil in surplus, become, from year to year,

less soluble ; whereas surplus Thomas slag or bone meal becomes

more soluble. It is therefore not necessary to be so cautious in

applying the latter. They are cheaper, and gradually become more

soluble ; while dissolved phosphates are dearer, and gradually

become less soluble.

An excessive surplus of phosphoric acid is not only an extrava-

gance, but it is of disadvantage to the crop. The evil effects of

heavy phosphoric-acid manuring are indeed not yet proved with

absolute certainty ; but the probability is great, that under many
circumstances they are actual. An explanation of this it is not

difficult to find. It is the same as that which I have given of the

hastening effect of phosphoric acid in ripening.

Every farmer experienced in phosphate manuring knows that

strong applications of phosphoric acid hasten the ripening process

in cultivated plants, which are not supplied with a surplus quantity

of nitrogen. The plants become yellow at an early stage, and

ripen faster than those manured with surplus nitrogen. The cause

of this phenomenon has been sought in a quickening effect, which

phosphoric acid is supposed to exert on all the living functions of

plants. Phosphoric acid is said to make the plants more vivacious.

This, however, is not quite pertinent. A plant manured with a

surplus of phosphoric acid does not, in my opinion, live faster,

but dies faster. As is generally known, the so-called ripening

process of a plant consists in a cessation of activity in the manu-

facture of vegetable material, at the same time the elaborated prod-

ucts scattered through leaves and stems are transferred to surface

or (as in beets, potatoes, etc.) subterranean deposits,— the so-

called fruits. This transferring process is disturbed and prolonged

when the ripening plant is induced, by continued applications of
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highly nitrogenous food, to continue its productive activity. If

nitrogen is lacking, this process is hastened. But when a plant is

manured with much phosphoric acid, and in consequence of this

has formed much plant material and consumed a correspondingly

large amount of nitrogen, it is very apparent that the nitrogen

supply of the soil is exhausted correspondingly early, and nitro-

gen starvation sets in much sooner than when phosphoric acid is

not applied. Then the plant stops production, and allows the

ripening process to be completed undisturbed. This is presumably

the explanation of the so-called injurious effect of phosphoric acid,

which is claimed to be observed in cases of diminished, instead of

increased, yield, after heavy applications of phosphate. In such

cases the very rapid development of the plant causes great con-

sumption of water and nitrogen ; consequently hunger and thirst

appear early, and operate injuriously. ' If more nitrogen should

be applied, either at first or promptly after the rapid growth, the

injurious effect of the phosphoric acid would not be apparent.

It is often stated that " heavy applications of phosphoric acid

readily produce injury on poor, sandy soil." But it should be

observed how this effect of the phosphoric acid is brought about.

Primarily, the phosphoric acid acts by no means injuriously.

Plants manured with superphosphate appear at first more vigor-

ously developed than those unmanured. Not till later does this

" condition disappear." Then the plants cease to develop, and

their leaves become yellow. Hot and dry weather is usual at this

time, and the plants die. They "ripen too early." The phos-

phoric acid has "burned" them, as is frequently said. This

"burning" by phosphoric acid is nothing else than the conse-

quence of early nitrogen starvation, with heat and drought. The

small amount of nitrogen supplied by a sandy soil is quickly

consumed by those plants requiring much phosphoric acid, and

consequently much nitrogen. The plants then starve, and the

effect of heat, drought and other unfavorable circumstances on a

starving plant is of course far more hurtful than on a well-fed

one. Here, then, is the explanation why a crop heavily manured

with phosphoric acid finally yields, in spite of an early, luxuriant

development, a lighter harvest than another which has not been

so manured. It should be remembered that these " evil effects of

phosphoric acid " can be avoided by application of nitrogen, either

at the beginning, or at any time before the critical period is passed.

Nitrogen salts, or more gradually acting compounds, as barnyard

manure, green manure, ground meat, fish, dried blood, etc., may
serve in such cases.

Loss of interest on invested capital, danger of lessening the
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solubility of phosphoric acid applied, and a possibility of an inju-

rious effect, are not the only considerations which warn us from

excessive phosphoric-acid manuring. We may well ask, here,

whether a heavy surplus of phosphoric acid may not cause the

plants to take up considerably more phosphoric acid than they

need in the elaboration of vegetable substance ; that is, to con-

sume phosphoric acid as a luxury. Comprehensive experiments

which I have carried out, have led me to the following results.

So soon as the plant lacks nitrogen or other food, a luxurious con-

sumption of phosphoric acid can take place. The plant then contin-

ually absorbs phosphoric acid from the soil, which it cannot assimi-

late because of the lack of nitrogen. But, if nitrogen is not lack-

ing, then the danger of absorption of unassimilable phosphoric acid

is not a present one. Aside from any such reasons, the agricult-

urist must never allow his crops to lack food. Only under this

condition can the highest yields be produced. This condition ful-

filled, a luxurious consumption of phosphoric acid is impossible.

It is further to be noticed that the variations in content of phos-

phoric acid of the crop are found chiefly in the straw, not at all or

only to a small extent in the grain itself. In my experiments,*

for example, while the amount of phosphoric acid in rye straw

was raised from 15 to 41 per cent., that in the rye grain was only

raised from .92 to 1.06 per cent. In practice, this is important

;

for the grain alone is sold, while the straw and fodder remain

largely on the farm. Therefore, if the field has produced a straw

or fodder richer in phosphoric acid than would have corresponded

to an economical consumption, this excess is not lost to the farm,

but is transferred to the barnyard manure, and goes back to the

soil.

On this account, also, it appears to me wise to furnish fodder

crops especially with a not too meagre surplus of phosphoric acid.

These plants need much phosphoric acid for their development

;

and if too much is given them, and more than they need is taken

up, then the barnyard manure is simply enriched thereby, and

from the luxurious consumption no injury to the farm, other than

the loss of interest, ensues.

This consideration brings us immediately to the following gen-

eral question, Which domestic plants are to be manured with a

large surplus, and which with a small surplus, of phosphoric acid?

Investigations concerning this subject have unfortunately led to

no conclusions. When one considers, for example, that rape

* " The Manurial Value and Rational Application of Thomas Slag, in Compari-

son to Superphosphate, Bone Meal, Peruvian Guano and Ground Coprolite."

Darmstadt, 1888.



80 AGRICULTUKAL COLLEGE. [Jan.

must assimilate 53 pounds and barley only 22 pounds of phos-

phoric acid per acre, to furnish an average harvest, we are forced

to think that rape should be given at least twice as much phos-

phoric acid as barley. But that is not the case. The necessary

amount of manure cannot always be inferred from the necessary

amount of food. The necessary amount of food for a plant, as

determined by chemical analysis of the crop, is often essentially

different from the amount of manure which the same needs, as

determined by the fertilizer experiment. The same soil from

which one domestic plant can take only 20 pounds of phosphoric

acid, yields without difficulty 60 pounds to another. We must

therefore determine the amount of manure to be given, not simply

by the need of a crop for plant food, but with reference to the

manurial need of the plant; that is, its demand for easily soluble

materials.

As I have stated, the investigations on this highly important

question have not yet led to conclusions ; but I hope soon to

report, in this connection, very interesting data. At present I

simply advise agriculturists to apply phosphoric acid chiefly to the

fodder crops, and by no means to allow the meadows, clover,

lupine, esparcet and vetch, to lack phosphoric acid. Moreover,

those crops which it is important to hasten in the ripening process,

e. (/., sugar beets, potatoes, large fruits and grapes, should be

furnished a large surplus of phosphoric acid ; and especially

when, because of a cold soil, a slow ripening is feared. But, on

the other hand, where the species of plant or condition of soil

(dryness", warmth, deficiency of humus) hastens the ripening,

then great caution is necessary, lest the surplus amount to an

injurious excess.

Another question here arises ; namely, In view of present ruling

prices, of special aims in culture and of special qualities of soil,

which phosphate is it most advantageous to use ? The principal

commercial phosphates are superphosphate, including all dis-

solved phosphates (Peruvian guano, dissolved bone, etc.), ground.

Thomas slag and bone meal. These have very different market

prices. Phosphoric acid costs per pound, in superphosphates,

from 6 to 7 cents ; in bone meal, from 4 to 4.5 cents ; in Thomas
slag, from 2 to 2.5 cents. What is the explanation of this differ-

ence in price ? Has the phosphoric acid a different value in the

feeding of plants, according to whether it comes from superphos-

phates, Thomas slag or bone meal? No. It makes no difference

with the plan$ whether phosphoric acid comes to it from guano,

bone meal, ground phosphorite, superphosphate, ground coprolite,

Thomas slag or any other manure.
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Here, however, is the explanation. Phosphoric acid cannot be

taken from every manure with equal rapidity ; and the manurial

value of a phosphate, as well as the market price of its phosphoric

acid, is determined relatively by the rapidity with which the plant

can draw from it the phosphoric acid. It is important for the

agriculturist to get return from his outlay as quickly as possible.

Therefore it is important that phosphoric acid applied to the soil

should become dissolved, enter into the roots, and in the form of

vegetable substance be returned at the first possible moment. A
manure whose phosphoric acid comes back in the first crop, is of

course much more valuable than one which returns the last por-

tions only after six, eight or ten years. Therefore the rapidity of

the effect is all-important, if we would determine the manurial

worth of ground Thomas slag, relatively to that of superphosphate

and bone meal. We must ascertain how rapidly the phosphates

are decomposed and taken up by the plants. But how do we
accomplish this ? By what method can we determine the solubility

of Thomas slag phosphoric acicl ? Here is apparently no difficulty.

A large number of chemical solvents are at our disposal. We can

treat the ground Thomas slag with dilute acetic acid, citric acid,

ammonia citrate, etc., and prove whether it is more or less easily

and quickly dissolved than other phosphates. In fact, it has been

found that all such solvents decompose Thomas slag more quickly

and completely than, for instance, the undissolved coprolite meal.

But this by no means suffices for reckoning the manurial value of

Thomas slag phosphoric acid. Remarkable as it is that Thomas
slag is dissolved with relative ease in acetic acid, and probable as

it appears that the manurial value of its phosphoric acid would be

great, this is nevertheless not yet determined. In the soil there

is no acetic acid, no ammonia citrate. There we have to do with

the combined effect of several solvent powers which proceed from

humic acid, soil water, various soil salts and the acids, of the plant

roots. How these co-operating agents behave toward Thomas
slag, bone meal, superphosphates, etc., must first be determined,

in order to reach a definite and reliable statement as to the manurial

value of Thomas slag. This testing can only be accomplished by

fertilizer experiments.

Exact and reliable fertilizer experiments are unusually difficult

of execution. Experiments in the open field, on half or quarter

acre plots, are very tiresome and unremunerative. The measur-

ing and staking out. of plots, the uniform division of the manure,

the harvesting of separate small crops, with careful taking of all

weights, is troublesome and expensive work ; and, further, the

lack of uniformity of soil, unfavorable weather, crop enemies
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above and below the surface, accidents from all sorts of animals,

are factors which, in co-operation, render the results to a high

degree uncertain and useless. By field experiments one can be

led into the greatest errors, unless results are checked, carefully,

by numerous repetitions with similarly fertilized plots. In view

of this, I have, during a long series of years, elaborated a method

by which fertilizer experiments may be carried out, on a small

scale, in great number and in an exact and reliable manner.

More than a thousand such experiments are annually conducted in

Darmstadt. As my method is generally known, both in principle

and detail, no further description will here be given.* We now
pass to a consideration of some interesting results furnished by

these experiments. A very large number of experiments,! which

were carried out with three different domestic crops— wheat,

barley and flax— and two different kinds of soil, with a view to

ascertain the effects of commercial phosphates, yielded the follow-

ing results. In order to produce the increased yield, which every

pound of phosphoric acid in superphosphate produces, in the crop

following the manuring, there are necessary : 2 pounds phos-

phoric acid, in form of ground Thomas slag ; or 10 pounds phos-

phoric acid, in form of steamed bone meal ; or 10 pounds phosphoric

acid, in form of ground coprolite.

This result is very important, for it shows with what surprising

rapidity the Thomas slag becomes effective, in comparison with

bone meal ; and we may well be allowed to draw the following

conclusions :
—

1. Different series of experiments have shown that two pounds

of phosphoric acid in Thomas slag produce, in the first year after

application, the same as one pound of soluble phosphoric acid. It

is, therefore, more advantageous to apply the Thomas slag ; for

two pounds of phosphoric acid in this cost only 4.4 cents, while

one pound of soluble acid costs from 6 to 7 cents.

2. Two pounds of Thomas slag phosphoric acid produced the

same increased yield in the first crop following the application as

ten pounds of bone meal phosphoric acid. The bone meal, there-

fore, must be considered, in comparison with Thomas slag, a much

dearer manure.

These are very important results, practically, but they are not

sufficient. We do not yet know what manurial value the Thomas

slag and the bone meal have, in comparison to superphosphates.

It would be a great mistake to reckon the relative value of super-

* Information concerning my method is to be found in an essay entitled, " The

Manurial Value and Rational Application of Thomas Slag," etc. Darmstadt, 1888.

f Minuter details in my paper above mentioned.
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phosphate, bone meal and Thomas slag from the yields of the first

crops raised after manuring. These yields only show the rapidity

with which the different phosphates become effective. Their com-

plete manurial value, or their relative market value, can only be

determined after ascertaining the effects of each phosphate on the

succeeding crops, as long, indeed, as any effect can be noticed. I

have, therefore, by further experiments, also determined the after

effect which the different phosphates are capable of exerting, during

the second year after the manuring, on spring rye, turnips and

mustard. It was indeed to be foreseen, with considerable cer-

tainty, that the after effect of the Thomas slag would be greater

than that of the superphosphates ; for on the one hand 100 pounds

of soluble phosphoric acid, and on the other 200 pounds of Thomas
slag phosphoric acid, were applied. In our experiments, 60 pounds

of phosphoric acid are taken up from each manure ; there then

remain in the soil, of the 100 pounds soluble phosphoric acid, only

40 pounds, but of the 200 pounds Thomas slag phosphoric acid,

140 pounds ; and it is not otherwise possible, than that the 140

pounds of Thomas slag phosphoric acid should effect very much
more than the 40 pounds of phosphoric acid in the superphosphate.

This assumption was in fact proved by my further experiments.

In my above-mentioned paper, on the manurial value of Thomas
slag, relative to superphosphate, etc., I have given the results of

a comprehensive series of experiments. From these I draw the

following conclusions :
—

1

.

Two pounds of Thomas slag phosphoric acid (applied in the

form of ground Thomas slag, containing 18 per cent, phosphoric

acid and 80 per cent, fine powder) produced, the first year after

manuring, the same increase of yield as 1 pound of soluble phos^

phoric acid.

2. 'The after effect of the 2 pounds of Thomas slag phosphoric

acid in the second year after manuring, was twice that of the 1

pound of soluble phosphoric acid. If, now, we allow the increased

yield produced by 1 pound of soluble phosphoric acid to be indi-

cated by 100, then 2 pounds of Thomas slag phosphoric acid

effected in the first year, after manuring, a yield increase of 100.

In the first and second years after manuring, the increase was 120.

On the other hand, 2 pounds of bone meal phosphoric acid pro-

duced, in the first year after manuring, an increase of 10, and in

the first and second years after manuring, an increase of 22.

These results show that, at present quoted prices, it is much
more profitable to use ground Thomas slag as a manure than bone

meal. Bone meal becomes effective very slowly, while even the

coarse meal (the residue from sifting) of the Thomas slag acts
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more quickly. The results of my experiments, which have been

subjected to rigid scrutiny, as well as the favorable experience of

agriculturists generally, induce me to recommend very highly the

use of ground Thomas slag. It should, however, be procured

from a reliable source, the percentage of phosphoric acid and of

fine meal should be guaranteed, and a sample of the material

received, examined for phosphoric acid and fine meal at the proper

experiment station. These ingredients vary greatly in commercial

wares. If the Thomas slag has less fine meal than corresponds to

the normal of 80 per cent., it acts more slowly, and has therefore

less value. Apparently also the phosphoric acid in a meal richer

in this material, and consequently containing less lime, becomes

active more quickly than the corresponding quantity in a meal

with more lime and less phosphoric acid. My experiments in this

connection are not yet concluded. I shall, however, soon report

more definitely upon it.

Ground Thomas slag may be applied to all crops, so far as

present experience indicates. A distinction is to be made, how-

ever, in its action in different places.. Much better effect is

noticed on clover and meadows, for example, than on sugar beets

and spring grain crops. As the yearly quantity of slag obtainable

can only cover a small part of the demand for phosphoric acid,

and as we must now, as formerly, supply our principal need from

the superphosphate factories, I will here indicate the most profit-

able disposition of these two phosphoric acid manures. I believe

the quantity of ground Thomas slag yearly offered, should be

applied primarily on moor and meadow soils, of not too dry char-

acter, and then respectively on the heavy sand soils, all lighter

loam and sand soils, and finally on the fields for fodder crops,

clover and lucerne, winter crops, etc. This use would soon con-

sume the three to four million hundred-weight of ground slag

annually offered by the German manure market, and this amount

would not cover the special cases named. For what remains, and

for beets, potatoes, spring grain crops, the lime and heavy clay

soils, superphosphate should be taken. Wherever the soil con-

ditions favor the decomposition of phosphates (in moors, meadows,

moist and humus fields), or where it is wished to store a supply of

phosphoric acid for several years (fodder fields, vineyards,

orchards), or where finally cultivated crops are to be raised which

are distinguished by relatively long vegetative periods (winter

crops, perennial fodder crops), there the phosphates which become

soluble with difficulty, and which become active more slowly, are

to be applied. The dissolved phosphates, i. e., those acting more

quickly, are on the other hand to be chosen under opposite cir-
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cumstances. As a matter of course, prices and freight expenses

must be brought into the calculation. If a choice must be made

among the commercial phosphates offered, it should be remem-

bered, for example, that the ground slag is considerably dearer

for those places remote from the grinding mills. In such cases,

superphosphates, especially the double superphosphate, which

costs the least in transportation, may be applied more profitably

than the Thomas slag.

Manuring with Potash Salts.

Unfortunately, the very important subject of potash manuring

is at present but little investigated. Which domestic plants are

most in need of potash ; how heavy applications can be made with-

out injury ; in which cases it is better to apply potassium chloride,

and in which potassium sulphate ; what the chief and what the

secondary actions of the crude salts, kainite and carnallite, are,

—

of ail this we know nearly nothing as yet. What little we do

know, can be expressed in few words. I will present the follow-

ing brief statements. Rich potash soils, that is, those not needing

potash salts, are not so rare as those not needing phosphoric acid

;

and it can in general be assumed that the lighter soils are more

destitute of potash than the heavier ones. The soils first to be

supplied with potash are the moors. They are generally so devoid

of potash, that, without heavy kainite manuring or its equivalent,

no satisfactory yields are to be obtained from them.

Whether ft. is better to apply the crude salts (kainite and carnal-

lite), or whether the pure and concentrated salts (potassium

chloride and potassa sulphate), must be decided in the first place

by the price at which the pound of potash is to be had in the dif-

ferent materials. Potash in local salt deposits is much cheaper in

the crude than in the concentrated forms. As, however, the latter

contain three or four times as much as the former, the freight on

the raw salts amounts to three or four times that on the concen-

trated. Consequently, beyond a certain distance, the potash of

purified salts is much cheaper than that of the crude salts.

In deciding this question, moreover, it must be remembered

that the common salt (sodium chloride) of the crude preparations

has a binding effect on the soil, and increases its power to retain

water. It is this effect of crude salts which improves the char-

acter of light soils, but which, on the other hand, deteriorates

heavy soils already possessed of too much binding quality. It is

not advisable, therefore, to manure heavy soils with kainite or

carnallite.

Again, it must not be forgotten that plants appear to be sensi-
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tire— some in a greater degree, some less— to concentrated

solutions of chlorides. It is best, therefore, in the application of

raw salts containing much chlorine, to spread them in autumn, or

as early as possible in the spring. They will then exist in suf-

ficiently dilute solutions in the soil before they come in contact

with the growing plants. Whether it is true that potash salts,

containing chlorine, have an unfavorable effect on the quality

of many crops, is yet doubtful. It is only proved in the case

of tobacco, which it is better to manure with potassa sulphate, or

still better with potassa phosphate, than with kainite. As has

already been said, if the soil needs potash, it should be given

enough so that a surplus will always be present. But it must be

remembered that plants are much more sensitive to an excess of

potash salts than to an excess of phosphoric acid.

Potash salts also must be applied with more caution than phos-

phates. Manurings of 620 pounds kainite, or 135 to 180 pounds

potassium chloride, or corresponding quantities of other salts, are

to be regarded as very strong applications. Concentrated solu-

tions in the soil appear to be specially detrimental to beets and

potatoes ; on account of which, it is customary to apply potash, in

such cases, to the preceding crop.

Potash salts have an unusual importance in the manuring of the

nitrogen increasers ; e. g., varieties of clover, pease, vetches,

esparcet, etc., as well as of meadows. The general practice, in

manuring meadows, is bad. Not enough plant food is applied,

and the manuring is not done rationally. The spreading of liquid

manure, on such fields, is in many cases irrational. Economical

considerations may often seem to compel this practice. It may
not be known how otherwise to dispose of this material ; but it

must be remembered that the nitrogen of liquid manure renders

poor service in meadows. On corn, fodder beets, rape, winter

grain and in orchards, this nitrogen accomplishes very much more.

Meadows have no particular need of nitrogen manuring. They

are in this respect independent. If simply a potash and phos-

phoric acid manure be applied to a meadow, its vegetation accom-

modates itself to this condition of things. Vetch varieties, clover

and similar plants, then grow luxuriantly ; they need no nitrogen

manuring, for they take from soil and air enough to supply their

entire need. A "grass meadow" is converted by potash and

phosphoric acid manuring into a vetch and clover meadow. A
meadow suffering neither from superfluity nor lack of water,

manured with Thomas slag (during the first years about 700

pounds per acre, afterward less) and kainite (450 to 560 pounds

per acre), often produces astonishing yields and an improved
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quality of fodder. Improved grasses and clover plants increase

after such a manuring. In general, it is of the greatest impor-

tance to manure clover, pease, vetches, lucerne and all nitrogen

increasers, with much potash and phosphoric acid.

As proof of the luxuriance with which the nitrogen increasers

grow even upon soils with little nitrogen, when supplied with an

abundance of potash and phosphoric acid, I cite here from my
experiments the following example. On plots containing very

little nitrogen, vetches and pease were sown, in August, during

three successive years. In late autumn, the green growth was

turned under, and then crops of spring rye grown. These

plough ecl-in crops grew with extraordinary luxuriance, under

careful cultivation, and with rich phosphoric acid and potash

application. They furnished, in three successive years, about

178 pounds atmospheric nitrogen per acre in their surface growth,

and thereby increased the rye harvest, in round figures, 2,940

pounds of grain and 6,680 pounds of straw per acre.

This experiment shows with what luxuriance pease and vetches

can grow without nitrogen manuring, on soils poor in nitrogen

(but well supplied with phosphoric acid and potash) , even when

the nitrogen collected is continually removed from the soil in

the chief crop. The power of these plants for collecting nitro-

gen is extremely great ; and, the sooner they can be satisfied with

phosphoric acid and potash, just so much more quickly and vigor-

ously do they take up atmospheric nitrogen. It is impossible to

emphasize sufficiently the importance of amply furnishing these

plants with phosphoric acid and potash, and sometimes even with

lime. It must be apparent that the potash manuring of nitrogen

increasers is far more profitable than that of nitrogen consumers.

With the former, potash and phosphoric acid, alone, produce an

increased yield ; while, for the latter, nitrogen in addition must be

bought and applied, and the profitableness of phosphoric acid and

potash manuring thereby diminished.

Since the year 1887 I have begun a number of larger experi-

ments concerning the different questions in potash manuring, and

hope shortly to communicate important results in this connection.

Manuring with Nitrogen.

We have already considered the method for determining the

proper amount of nitrogen for application in any particular case,

and have here to consider simply the selection of manures, and
the best methods of applying them. Unquestionably, the atmos-

phere furnishes the cheapest nitrogen manure. It is a free gift.

The farmer has it for the mere asking ; and, as we have seen, an
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entire series of cultivated crops are capable of drawing from this

ever-flowing source, with as much ease as from the nitrogen com-

pounds of a richly fertilized soil. We possess in these plants a

means by which we can increase the circulating nitrogen capital of

the farm. With them we can replace the deficit caused yearly by

the exportation of nitrogenous products ; by the losses incidental

to the collection and preservation of animal excrements, by the

evaporation of soil nitrogen into the air, and by filtration through

the subsoil.

Schultz of Lupitz deserves high recognition for having attracted

general attention to the importance of utilizing atmospheric nitro-

gen, and of manuring the soil with nitrogen-collecting plants.

He and Neuhaus of Selchowhave shown, at once, the practicability

of this process, and, in a most convincing manner, the great finan-

cial advantages which accrue to the farmer who, whenever possible,

feeds his plants with nitrogen from the air, and fertilizes his soil

with atmospheric nitrogen.

I will briefly indicate the methods by which atmospheric nitrogen

may thus be rendered useful

:

;

—
1. Cultivate nitrogen-collecting plants as the chief crop, and

turn under the entire harvest material as manure for the growth of

the year following. This method causes the loss of an entire

year's harvest, and is therefore applied only on light, dry, sandy

soils

.

2. Let clover and other leguminous varieties compose the chief

crop to be harvested, of which the stubble and roots remain as

manure for the succeeding crop.

3. Sow lupines, serradella and clover varieties, with the chief

growth, consisting of some straw crop ; and, after harvest of the

grain, plough under the growing plants, either in late autumn or

in early spring.

4. Sow vetches, etc., in the rolled stubble of the harvested

chief growth, and plough under in late autumn or early spring.

5. Sow Italian clover in the rolled stubble of the chief growth.

In May, a fodder crop having been cut, the piece is ploughed, and

then the stubble and roots remain as manure for potatoes, fodder

beets, ruta-bagas, etc.

Method No. 3 is particularly recommended, and is chiefly appli-

cable to rye culture, on soils of medium quality (loamy sand and

sandy loam).

Mr. Neuhaus of Selchow, who has had valuable experience in

this process of culture, sows with machine in April or beginning

of May, from 35 to 55 pounds per acre, of good serradella seed.

This is sown in the straw crop (rye, oats or barley) when about six
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inches high. If not machine-sown, the seed must be covered by

harrowing. In order to have the ground well covered, and to suc-

ceed with at least one of the so-called intermediate crops, there

are still thrown on to this, 90 pounds of lupine seed, about the time

when the rye is in flower, in case of a heavy stand ; but, if this is

thin, then later. The lupine seed lying on the surface must of

course have rain, in order to sprout. In case of heavy drought,

this sprouting is not satisfactory. But Mr. Neuhaus states that

he has had poor success not oftener than once in six or seven

years. In view of the slight cost of the seed, and of such possi-

ble great advantage, this is indeed no great risk. At the time of

the grain harvest, the plants of the last sowing will have so far

developed as not to be injured by the cutting, if the stubble is

left somewhat long. If the autumn is exceptionally dry, they

develop very luxuriantly, and in favorable years' furnish a crop

which, according to Mr. Neuhaus, corresponds (including the root

mass) to not less than 125 pounds of nitrogen per acre ; that is,

as much nitrogen as is contained in 25,000 pounds of barnyard

manure. In addition to this, experiments have shown me that

nitrogen in green plant material acts much more quickly than that

contained in barnyard manure.

As far as possible, therefore, the agriculturist must fully utilize

the atmospheric source of nitrogen, and, by rich applications of

phosphoric acid and potash, put the crops in position to take the

largest possible amount of nitrogen from the air. Plenty of

water; plenty of phosphoric acid, potash and lime,— these are

the demands made by the nitrogen-collecting plants on the soil.

The nitrogen they provide themselves ; and yet, for intensive

farming,— for an intensive culture of roots, grain and oil crops,

tobacco, potatoes, etc., the nitrogen possible from the air is not

sufficient.

Commercial nitrogenous manures must come in here, to aid in

reaching the highest possible net profit. Of these, Chili saltpetre

and ammonia sulphate are by far the most important, for they

appear in the market in much the greater quantities. Peruvian

guano, with a high percentage of nitrogen, has become very scarce ;

and dried blood, ground horn, fish and meat, wool refuse and

ground leather, appear in the market in relatively insignificant

quantities.

Nevertheless, the question as to the manurial value of the

latter, that is, of organic nitrogen manures, is important enough

to demand careful and exact investigation. I therefore arranged,

in the summer of 1887, an interesting series of experiments

intended to show :
—
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(a) How quickly the nitrogen of these manures becomes active.

(b) How much nitrogen, in form of ground bone, dried blood,

wool waste, etc., must be applied in the primary and after-manur-

ings, in order to reach the same yearly effect which is obtained with

100 pounds of Chili saltpetre.

(c) How much of the nitrogen brought into the soil, in these

manures, is really available for plant feeding, and how much, on

the other hand, becomes lost (as free nitrogen) by chemical

decomposition.

These questions it was intended to solve by using marled and

nnmarled soils ; and I hope to obtain, in the course of a few

years, practical, valuable results. Experiments already made
elsewhere, have, unfortunately, not furnished sufficient data for the

determination of the relative value of the manures in question.

They have in every instance been executed during only one year.

The after effects of the organic nitrogen manures have thus been

left out of consideration ; and, moreover, the results exhibit impor-

tant contradictions. The only definite statements that can now be

made are these : Dried blood and ground horn decompose more

quickly than ground fish, ground meal or bone meal. The decom-

position of wool waste and ground leather proceeds very slowly.

It is impossible, at present, to make definite numerical statements.

The prices which it is customary to pay for the slowly decompos-

ing nitrogen manures, are proved to be too high in comparison

with that of saltpetre and ammonia. Toward the close of 1889 I

shall probably be able to communicate more in detail concerning

my work in this connection.

The relative value of nitrogen in ammonia and saltpetre is also

as yet undetermined. In comparative field experiments, it has

been found that the increase of yield, after manuring with ammo-

nia sulphate, is sometimes higher and sometimes considerably less

than that obtained after the corresponding manuring with saltpetre.

In a majority of cases the ammonia manuring with sugar beets and

potatoes has shown such poor results, in comparison with saltpetre

manuring, that it is rejected as too unsafe for these crops. Chili

saltpetre alone is recommended as a nitrogen manure for them,

while with straw crops a still more unfavorable record has been

obtained from ammonia salts.

No satisfactory conclusions have yet been reached from the

field experiments, for the variations in results have been unusually

great. If we represent the increased yield obtained with saltpetre

nitrogen by 100, the corresponding results from ammonia manur-

ing would give 83, 100, 115, 144, and then again 46, 47 and 43.

These are examples of what has been obtained with grains. A
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cause for such differences has not been discovered ; and, indeed, it

is not known whether the differences are reliable, or really due to

difference in action of saltpetre nitrogen and ammonia nitrogen.

I have during the last two years carried on, and to some extent

completed, quite comprehensive experiments on the effect of ammo-
nia manuring in relation to saltpetre manuring. I have attempted

to determine the magnitude of the difference between the effects

of the nitrogen salts in question, and to explain the causes of the

different effects. The following brief notes are taken from the

results of my work :
—

1. Experiments with grass, oats, rye, buckwheat and turnips,

on loam soil containing a small percentage of lime carbonate,

show, for the most part, no considerable difference between the

action of ammonia and saltpetre, when the manuring was done in

the spring and immediately before sowing. To what extent the

lime carbonate exerted an influence on the effectiveness of the

ammonia, or whether it exerted an influence at all, I do not know.

I am still to test this. In several series of experiments the effect

of the ammonia nitrogen was precisely equivalent to that of salt-

petre. In several cases the ammonia nitrogen effected somewhat

more than the saltpetre, while in others the ammonia effect was

from 10 to 15 per cent, less than that of saltpetre. The causes of

these differences have not yet been determined.

2. On a soil consisting of equal weights of loam and acid

(mossy) turf, the effect of the ammonia manure was very late and

slight, in comparison with that of the saltpetre manure. On the

same soil, mixed with lime marl, the ammonia effect was from

beginning to end precisely that of the saltpetre.

3. It has been supposed that the sulphuric acid, combined with

the ammonia, acts disadvantageously on the plants, and to this

the average lesser effect of the ammonia nitrogen is due. This is

not the case, at least under all circumstances. Even exceptionally

heavy applications, if not less than 267 pounds nitrogen per acre,

furnished the same yield of oats and wheat, when in form of

ammonia sulphate, as when in form of ammonia carbonate or

nitrate.

4. On calcareous loam, very heavy manurings of ammonia

nitrogen acted with equal rapidity to corresponding applications of

saltpetre nitrogen. Under the condition of heavy and continuous

rains, shortly after seed sowing, when the saltpetre was washed

through the soil, and, for the time being, removed from the plant

roots, the ammonia nitrogen produced quicker effect than the Chili

saltpetre.

5. It has often been emphasized that ammonia, as such, before
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being transformed to nitric acid, can work injuriously on the

plants. This may be, and it is possible that the sensitiveness of

plants to ammonia is very variable. It is possible that the unsat-

isfactory experience thus far had in ammonia manuring, especially

with roots and potatoes, is due to a particular sensitiveness of

these very plants to ammonia. It is, however, singular that actual

cases of damage (manifested by yellow color and scanty develop-

ment of the plants) do not appear regularly after very heavy

ammonia manuring, but occur only rarely, and as exceptions. It

is this irregularity in the appearance of an adverse effect, either

slight or considerable, of ammonia manuring, which has induced

me to advise caution in the application of ammonia sulphate, and

to point out the slight value of average statements calculated from

the results of field experiments.

6. It is remarkable that I obtained, repeatedly, after applica-

tion of ammonia salts, considerably smaller yields than after

saltpetre manuring. This the following experiment shows :
—

Oats were manured with ammonia sulphate, carbonate and

nitrate, and a mean of 20.3 ounces of harvest was obtained, the

results mutually agreeing. The corresponding saltpetre manuring

yielded 21.1 ounces. With no manure, a harvest of 9.4 ounces

was obtained.

A crop of turnips (harvested early) followed the oats in the

same year. The same nitrogen compounds were applied on the

corresponding plots, as in the case of the oats. The ammonia

salts furnished an average of 3.5 ounces of material; the Chili

saltpetre, on the contrary, 4.8 ounces in excess of the unmanured.

Saltpetre nitrogen thus produced a third more than the ammonia

nitrogen. The cause of this result could have been that the soil

conditions were unfavorable for the action of the ammonia, or

that the ammonia had yielded less to the turnips than to the oats.

In order to settle this question, plots were laid out in the follow-

ing year, sown with oats, and the respective nitrogen manures

applied. It was then clear that the ammonia salts produced less

than the saltpetre, even with the oats. The yield with . saltpetre

was 20 per cent, more than that with the ammonia salts.

It is here apparent that the kind of crop did not cause the

slighter effect of the ammonia, but changes in the soil conditions

must have brought about the superior effect of the Chili saltpetre

with the second or third crop.

The character of these changes must still be investigated. I

will here call attention to one point ; namely, that the soda of the

saltpetre exerts a certain influence on the physical character of

the soil. In reacting with the lime carbonate of the soil, soda
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carbonate is formed, which, by superficial attraction, is bound to

the soil. This holds the soil particles more firmly together, and

increases their water-retaining power. It was long ago discovered

that saltpetre manuring tends to increase the crusting of soils, and

at the same time their water-retaining power. No explanation

has ever been given. It has simply been spoken of as an effect of

saltpetre, with no further question as to a cause.

Now we know that this is due to the soda, and also that a second-

ary and similar effect of the saltpetre must appear, whenever it is

applied in quantities so large that the plants can no longer con-

sume the soda. Investigations in this direction are certainly to

be recommended. They are apparently destined to throw much
light on many cases in which applications of saltpetre result more

favorably than those of ammonia. The same behavior is noticeable

with kainite. Kainite consists of one-third sodium chloride ; and,

in consequence of this sodium content, it acts very favorably on

light soils. It occasions the soil particles to adhere more, and

increases their water-retaining power. In England, also, the

superior effect of saltpetre over ammonia, in repeated heavy

manurings, has been determined. At first, even for several

successive years, the ammonia effected more than the saltpetre.

Then this relation was reversed, and in the succeeding years the

saltpetre produced, regularly and often considerably, more than

the ammonia. In this entire question nothing is clearly under-

stood. We do not yet know the factors which occasion the trans-

formation of ammonia into nitric acid, which favor or which

hinder. So long as we are ignorant of this, and investigations

present such totally contradictory results, no conclusions can be

drawn. Until the fundamental questions concerning the applica-

tion of ammonia and its action in the soil are answered, we must

defer any further explanation of the difference in action between

saltpetre and ammonia manures. Nothing permanent and useful,

at least, can be built on the present swaying .foundation. Clear

and definite knowledge as to transformation of ammonia in the

soil is wanted. At present, I can only offer, as reliable, the state-

ment that ammonia manuring effects very little in acid turf or

humus soils, unless the same are previously treated with marl or

lime.

We may now consider the application of Chili saltpetre. This

salt contains nitrogen in a form which allows immediate absorp-

tion and assimilation. It is not subject to the absorbing powers

of the soil, but remains perfectly free, and therefore becomes

quickly effective. A plant lacking nitrogen, watered with a solu-

tion of saltpetre, shows, three days afterwards, the effect of the
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nitrogen applied. Its leaves become dark green, — a sign of

luxuriant growth. Chili saltpetre presents to us, therefore, as

does no other nitrogen manure, a means with which to influence

quickly the development of plants. By sowing saltpetre on a

young crop, which has perhaps suffered from frost or insect

attacks, the plants are induced to sturdy and luxuriant growth.

Even at a later period of vegetation, if necessary, we can give

them nitrogen food in this immediately assimilable form.

Although wr
e possess in Chili saltpetre a manure freely movabl'e in

the soil, immediately effective for the plant, and which is absorbed

with great avidity, precaution in its use must be observed, other-

wise the best effect possible is not secured. But whatever may
be true here, is of equal importance in the case of ammonia.

Under normal circumstances, ammonia is converted with more or

less rapidity into nitric acid (i. e., the form of nitrogen in salt-

petre), and then has all its properties.

Failures in manuring with nitrogen salts sometimes occur. We
will seek a brief explanation of these failures, and means for

their prevention. In the first place, the nitrogen is often not suf-

ficiently absorbed by the plant. This can be the case when salt-

petre is not applied at the right time. Winter grain may be

manured in the autumn, in many cases successfully, but in many
others not. It must be remembered that young plants require

relatively little nitrogen for a sufficient development before the

winter rest begins. A well-cultivated soil furnishes quite enough

for this. In the experiments of Heine of .Emersleben, the highest

yields were furnished by those wheat fields which received no

nitrogen manuring in autumn, and all their saltpetre in May. It

is certainly incorrect to furnish the plant its entire supply of

nitrogen in the fall. Only sufficient should then be given for

absorption and assimilation before the commencement of the

winter rest. A surplus is unnecessary, and it may become entirely

lost during the winter months, by filtration through the subsoil.

Ammonia, also, as my experiments have shown, is in danger of

draining into the lower layers of the field. Although at first it

may be combined writh the finer soil particles, it is, nevertheless,

converted into nitric acid, and this follows the course of the rain

water, which, during the winter months, is forced through the

ground. Only on very deep and retentive soils should a large

application of nitrogen salts be risked in the fall. This danger

of loss of nitrogen by percolation attends not only autumn

applications but those made at any time. Saltpetre nitrogen in

the soil is in condition of perfect freedom. It follows, conse-

quently, the course of the percolating waters. Therefore, the
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danger of loss of nitrogen by drainage increases with (a) the

length of time between the application of the manure and

the absorption of the nitrogen by the crop
;

(b) the quantity of

manure applied
;

(c) the percolation in the soil
;

(d) the rainfall

immediately after application.

If now the saltpetre is applied by sowing in the field after the

plants have appeared, so that they quickly absorb it, the danger

of percolation is only slight, or none at all. Fear is often enter-

tained, that, if saltpetre is applied in this manner, the nitrogen

will be supplied to the plants too late. On this account it is

recommended to do away with guch an application entirely, for

crops which must be ripened as early as possible, — as, for exam-

ple, sugar beets and potatoes ; and to make use of it only as an

after-manuring on the straw crops.

This rule is probably applicable in many cases ; but the deeper

we investigate the domain covered by the question in hand, the

nearer we come to the conclusion that any rule must often be

modified to suit a particular case. It is frequently desired to supply

a crop with nitrogen at the earliest possible moment, and with the

least possible waste. This cannot always be accomplished by

manuring with saltpetre at the time of seeding. It cannot be

done, for example, with spring grains, sugar beets, potatoes, car-

rots, turnips, flax, etc.

After the seed is sown, about eight days elapse with turnips and

flax, ten to twelve with straw crops, two to three weeks with car-

rots and beets, and three to four weeks with potatoes, before the

plants show themselves ; and from that time again, four to eight

days pass before the young plants are capable of assimilating

saltpetre nitrogen. If now, during these periods, there is a great

fall of rain, and the water-retaining power of the soil is slight,

the saltpetre is washed into the lower soil strata, and in conse-

quence is removed from the plant roots. Sometimes it only

becomes effective two weeks later than the ammonia salt, which is,

as it were, held fast in the soil. This I have very often observed,

and that, moreover, a part may entirely escape absorption by the

plant roots. This danger is very considerable in cases of slowly ger-

minating seeds. Saltpetre applied, in my experiments with carrots,

the day before the sowing, effected very little ; but a marked effect

was produced when it was sown on the plot after the first carrot

plants appeared. When a heavy saltpetre manuring is given, the

entire quantity can be absorbed only gradually ; but, until it is all

absorbed, the residue in the soil is exposed to loss through drain-

age. In view of these conditions, it is doubtful if the application

of Chili saltpetre, especially the entire quantity necessary for the
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crop, immediately before the sowing of spring crops, is, under all

circumstances, the most rational.

Between the two extremes of applying all of the nitrogen before

seeding, and all after the plants appear, there is indeed a series

of intermediate procedures. The saltpetre can be sprinkled over

the soil immediately after seeding, or one or two weeks later

;

or a part can be sown with the seed, and the other part sooner or

later afterwards. The latter way is advisable especially when
large amounts of nitrogen, not so quickly assimilable by the plants,

are to be given. The opinion is often heard, that nitrogen pro-

motes leaf formation, that it increases the amount of straw and

tends to cause the plants to lodge, while phosphoric acid acts in an

opposite direction. This, as is shown in my paper above cited, can-

not be quite correct. A specific effect of nitrogen in an abnormal

leaf development, exists just as little as does one of phosphoric

acid in an abnormal development of the grain.

If after saltpetre manuring the straw yield is increased out of

proportion to the grain, the explanation is simply that the salt-

petre hastened the first development of the plant, established

healthy and strong stalks, but was not present in sufficient quantity

to support, in like manner, the later development of the seed

heads. During the first stages the plant was supplied with the

richest food, but afterwards the need for nitrogen was not met

;

and, in consequence, much straw and little grain was yielded. It

must be remembered that saltpetre is very rapidly taken up by

plants, very rapidly assimilated, and occasions, not a gradual,

steady development, but a tendency to quick and luxuriant growth.

If a normal development of straw is to be had, a one-sided devel-

opment avoided, the nitrogen feeding of plants must be so regu-

lated as to correspond, as nearly as possible, to the conditions in

an old, humus-rich, strong soil. It should be remembered that

the important period of nourishment comes at the stage of devel-

opment just after the setting of the stalks.

The greatest possible yield of grain with the least possible num-

ber of stalks is the aim in an economical nitrogen feeding of

straw crops. The stem setting of the grain crops is confined to

a definite period in their process of development. When this is

ended, there is no longer an increase in the number of stems. A
nitrogen manure, now assimilated, only develops and strengthens

the stems, and feeds the entire plant ; while if supplied during or

before the stem setting, it increases the number of stalks. From

this we can draw the following rule : Soluble nitrogen should be

given to the straw crops, before the close of the stem-seiting

period, only in the quantity necessary to produce the requisite
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number of stems. After this period, so much is to be given as is

necessary for the most healthy development possible of stem and

grain.

I know well that the rule is more easily made than followed, and

that the weather can readily neutralize the farmer's most intelli-

gent efforts. But we must be clear in theory. How far it may
be practicable to answer the theoretical conditions, is quite another

question. Let us apply the rule in a few examples. If a soil is

in good cultivation, rich in nitrogen from residues of pease or

clover, then it will not generally be advisable to assist the stem

setting of the plants either by an addition of saltpetre or ammonia

salts, or, if at all, by a very slight one. The soil will furnish

enough nitrogen for an adequate stem formation, and an appli-

cation should only be made after the completion of the stem

setting. Then a much heavier quantity can be given, and with-

out the danger of lodging, which would have attended an earlier

application.

Heine of Emersleben * had the following experience in manuring

winter wheat. With much hesitation he determined to apply, to

his winter wheat, no nitrogen in the fall and none before the first

of May. But the success of this procedure was greater than that

of those in which applications were made in autumn, February,

March, or even April. In this connection Heine says: "The
question, At what time shall saltpetre be sown? is answered by

my results in a manner which completely overturns the opinions

hitherto held. The opinion that Chili saltpetre must be sown over

the winter wheat as soon as possible in spring, is by no means

confirmed. On the contrary, the Chili saltpetre applied at the

beginning of May, even when the plants were very far developed,

increased the yield of grain."

As a matter of course, this does not imply that an application

in May is, everywhere and in all cases, the best for winter wheat.

Such a pedantic prescription would by no means answer the

principles laid down. Another example, in which it would be

necessary to proceed in an entirely different manner, is the follow-

ing. Assume that we have a soil much exhausted of nitrogen

,

and have calculated that a manuring of 1,000 pounds Chili salt-

petre is necessary to obtain a maximum yield of wheat. If, now,

we should apply the thousand pounds saltpetre in May, the result

would be a miserable failure. The plants would, up to this

period, suffer starvation, and the stem setting would be very

small. On the other hand, if the entire quantity were sown in

autumn or early spring, the result would be equally poor. The

* Deutsche Landwirtschaftliche Presse. 1886. No. 33.
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larger part of the easily soluble nitrogen would accomplish the

stem setting in such a manner as to induce early lodging. A
proper division of the nitrogen manure— an application of 200

pounds in the fall, 400 pounds in March and 400 pounds in

May— would be the correct procedure.

Not unfrequently such a case as the following appears. The

soil being poor in nitrogen, by an application of saltpetre the

maximum yield is attempted, but not secured. The large quan-

tity of saltpetre has caused the crop to lodge. But lodging is

only produced by the growth of too great a number of stems,

forced on by too early nourishment of the plant. If the heavy

manuring comes after the stem setting, then the stems will not

stand so close ; they will have plenty of light, they will develop

more healthily, stand upright and furnish full heads. A necessary

condition here is, a soil well enriched with phosphoric acid, and of

course sufficient potash. The later the nitrogen is given, just so

much more quickly must it be assimilated ; and, in order to do its

work, the plant must be able to take up large quantities of phos-

phoric acid in a very short space of time.

A further study of many questions, very important in the

application of nitrogen manures, would lead us away from our

present purpose. I must refer to my often-quoted paper, and

also to future publications in which I hope to give many practical

results of my investigations. I emphasize once more, that the

greatest importance must be placed on the rational nitrogen

manuring of plants. This is the central point in the entire doc-

trine of manuring.

Nitrogen holds, in plant life and in the economy of field culture,

an entirely different position from potash, phosphoric acid, lime, or

any other plant food. Nitrogen is indeed an organic constituent

of plant substance, while phosphoric acid, potash, lime, etc., are

only agents in the formative processes of organic substance, and

only in this capacity necessary. Nitrogen, in the burning plant

material, flies away ; while phosphoric acid, potash, lime, mag-

nesia, etc., remain behind as ash constituents. But the nitrogen

also comes and goes by slower processes. It wanders from the

air into the soil, and from the soil into the air. Again, it passes

from the atmosphere into the plant, and from the plant, when it

decays, into the atmosphere. It is continually passing from the

free condition into the chemically combined, and as constantly

again becoming free.

The three most important and difficult tasks in manuring are :

to catch the nitrogen, to hold it, and then to obtain from it the

greatest possible service. It is, in the mean time, the important
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and urgent task of scientific investigation to further and further

discover the laws which govern the movements and changes of

nitrogen ; for a knowledge of such laws will enable the farmer,

in large measure, to control these phenomena, and with the least

possible expense to acquire the greatest net profit.




