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TaE CONNECTICUT AGRICULTURAL EXPERIMENT STATION is established in accord-
ance with an Act of the General Assembly, approved March 21, 1877, “for the
purpose of promoting Agriculture by scientific investigation and experiment,” and
succeeds the Station that was organized in 1875, for a term of two years, under
the management of the Trustees of the Wesleyan University at Middletown.’

The Station is prepared to analyze and test fertilizers, cattle-food, seeds, soils,
waters, and other agricultural materials and products, to identify grasses, weeds,
and useful or injurious insects, and to give information on the various subjects of
Agricultural Science, for the use and advantage of the citzens of Connecticut.

All chemical analyses, seed examinations, etc., proper to an Experiment Station,
that can be used for the public benefit, vyﬂl be made without chayge. Work done
for individuals, that is not of any general interest, will be charged for at moderate
rates, to be learned on application. The Station will undertake no work, the
results of which are not at its disposal to use or publish, if deemed advisable for
the public good.

Samples of Commercial Fertilizers, Seeds, etc., will be exammed in the order of
their coming; but when many samples of one brand of fertilizer are sent in, the
Station will make a selection for analysis. In taking samples of Commercial
Fertilizers and Seeds for examination, the Station's * Instructions for Sampling ”
must be strictly followed, and its blank “ Forms for Description of Samples ” must
be filled out and sent with the samples. Instructions and Forms will be furnished
on application.

The results of each analysis or examination will be promptly communicated to
the party sending the sample. Results that are of general interest will be sent
to all the newspapers of the State for publication, and will be furnished to all who
apply for them by letter or otherwise.

The ‘Officers of the Station will take every pains to obtain for analysis, samples
of all the commercial fertilizers sold in Connecticut; but the organized coépera-
tion of farmers is essential for the timely and full protection of their interests.
Farmers’ Clubs and like Associations can most efficiently work with the Station
for this purpose, and are requested to send in samples early during each season
of trade.

It is the wish of the Board of Control to make the Station as widely useful as
its resources will admit. Every Connecticut citizen who is concerned in agri-
culture, whether farmer, manufacturer, or.dealer, has the right to apply to the
Station for any assistance that comes within its province to render, and the
Station will respond to all applications as far as lies in its power.

[ Instructions and forms for taking samples, and Terms for testing Fertil-
izers, Seeds, &c., for private parties, sent on application.

[3F= Parcels by Express, to receive attention, should be prepaid, and all com-
munications should be directed to

Agricultural Experiment Station, New Haven, Conn.

Laboratory and Office, in East Wing of Sheffield Hall, Grove St.; head of College St.
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fox.' making the experiments and investigations contemplated in
this resolution; and that the said University shall superintend
'such experiments, and shall provide ample laboratories and build-
ings therefor, free of all charge.

“Src. 2. This resolution shall take effect from its passage.”

An account of the organization and very useful operations of
the Station at Middletown, is to be found in the able Report of
Dr. Atwater, its Director, which is printed in the Report of the
S‘tate Board of Agriculture for 1876. The above resolution prac-
tically limited the existence of that Station to a term of two
years, and its operations accordingly ceased July 1st, 1877.

Meanwhile the General Assembly had provided for the continu-
ance of experimental work, by the passage of the following Act:

[43 y A
AN AcT ESTABLISHING THE CONNECTICUT AGRICULTURAL
EXPERIMENT STATION.

(13 ;.
Be it enacted by the Senate and House of Representatives in
General Assembly convened :

.“ SI?CTION 1. That for the purpose of promoting agriculture by
scientific investigation and experiments, an institutit(’)n is hereby
established, to be called and known as The Connecticut Agricul-
tural Experiment Station. i

“Sec. 2. The management of this institution sha;ll be committed
. to a Board of Control, to consist of eight members, one member
to be selected by the State Board of Agriculture, one member by
the State Agricultural Society, one member by the Governing
Board of the Sheffield Scientific School at New Haven, and one
m?mber by the Board of Trustees of the Wesleyan Uni\;ersity at
Mldd}etown, and two members to be appointed‘ by the Governor
,of this State, with the advice and consent of the Senate. The
Govgmor of the State, and the person appointed as hereinafter
provided to be the Director of the Station, shall also be ex officio
members of the Board of Control.

“Suc. 3. After the appointment of the members of the Board
of Cont.rol as aforesaid, said members shall meet and organize by
the choice from among their number of a President, a Secretary
and: a Treasurer, who shall be elected annually ar,ld shall holdi
their respective offices one year, and until t-he, choice of their
successors. Five members of said Board shall constitute a quo-
rum thereof for the transaction of business. 1

9

«Spo. 4. Said Board shall meet annually after the first meeting
thereof, on the third Tuesday in January in each year, at such
place in the city of Hartford as may be designated by the Pres-
ident of said Board, and at such other times and places, upon the
call of the President, as may be deemed necessary, and may fill
vacancies which may occur in the officers of said Board.

«§pe. 5. Said Board of Control shall locate and have the gene-
ral management of the institution hereby established, and shall
appoint a Director who shall have the general management and
oversight of the experiments and investigations which shall be
necessary to accomplish the objects of said institution, and shall
employ competent and suifable chemists and other persons neces-
gary to the carrying on of the work of the Station. It shall have
power to own such real and personal estate as may be necessary
for carrying on its work, and to receive title to the same by deed,
devise, or bequest. It shall expend all moneys appropriated by
the State in the prosecution of the work for which said institution
is established, and shall use for the same purpose the income from
all funds and endowments which it may hereafter receive from
other sources, and may sue and be sued, plead and be impleaded,
in all courts, by the name of The Connecticut Agricultural Exper-
iment Station. It shall make an annual report to the Legislature
which shall not exceed two hundred printed pages, of which not
exceeding three thousand copies shall be printed.

«S§gc. 6. The sum of five thousand dollars annually is hereby
appro'priated to said Connecticut Agricultural Experiment Sta-
tion, which shall be paid in equal quarterly installments to the
Treasurer of said Board of Control, upon the order of the Comp-
troller, who is hereby directed to draw his order for the same;
and the Treasurer of said Board of Control shall be required,
before entering upon the duties of his office, to give bond with

surety to the Treasurer of the State of Connecticut in the sum of
ten thousand dollars, for the faithful discharge of his duties as
such Treasurer. :

«Sgc. 7. Upon the death or resignation of any of the members
of the Board of Control, the authority or institution by which
such deceased member was originally appointed shall fill the
vacancy so occasioned.

« S, 8. Professor Samunel W. Johnson, of New Haven, is hereby
empowered to appoint and call the first meeting of said Board of'
Control as soon as may be practicable after the appointment of
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the members thereof, and he shall notify all said members of the
time and place of said meeting. Two of said members shall hold
office for one year, two of them for two years, and two of them
for three years; and at said first meeting they shall determine by
lot which of said members shall hold office for one year, which
for two years, and which for- three years. All members of said
Board thereafter chosen or appointed, except such as are appointed
or chosen to fill vacancies in said Board, shall continue in office
for the term of three years from the first day of July next suc-
ceeding such appointment.

“Sec. 9. This act shall take effect from its passage.

Approved March 21, 1877.”

Shortly after the enactment of this law, the Board of Control
was constituted by the appointment of the following persons, viz:
Messrs. James J. Webb of Hamden and Edwin Hoyt of New
Canaan, appointed by the Governor with approval of the Senate,
Hon. E. H. Hyde of Stafford by the State Agricultural Society,
T. 8. Gold, Esq., of West Cornwall by the State Board of Agri-
culture, Mr. Orange Judd of Middletown by the Trustees of the
Wesleyan University, and Prof. W. H Brewer of New Haven
by the Governing Board of the Sheffield Scientific School. The
first meeting was called at the city of Hartford, April 11th, 1877,
and the Board of Control organized by choosing Gov. R. D.
Hubbard, President, Hon. E. Hyde, Vice-President, and
W. H. Brewer, Secretary and Tréasurer.

Prof.. S. W. Johnson was chosen Director of the Station and
eighth member of the Board. The Board adjourned to meet at
New Haven, April, 20th, and again adjourned to May 4th, when
the Station was located in rooms set apart for its exclusive use
by the authorities of the Sheflield Scientific School. An Execu-
tive Committee was chosen at this meeting consisting of Messrs.
Webb, Brewer and Johnson. This committee proceeded to
organize and equip the Station for actual work. The experienced
services of Messrs. Edward H. Jenkins and Henry P. Armsby as
chemists were secured. The rooms tendered to the Station for
use, comprising the entire main floor of the east wing of Sheffield
Hall, and consisting of two rooms each 16 X 32 feet, a smaller one
8X10 feet with separate entrance and vestibule, were prepared
for Station work by making suitable changes and repairs and put-
ting in additional fixtures. One of the large rooms was made

.
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into a chemical laboratory, the other into an oftice. The expense
of these alterations and fixtures, including laying in of water and
gas and making sewer connections, rendered necessary by these
changes, and amounting to about $550 for carpenter, plumber and
gas fitter’s bills was entirely assumed by the authorities of the
Sheffield School.

Another meeting of the Board of Control was held at the Sta-
tion, December 11th, 1877. For the expenses and operations of
the Station we refer your honorable body to the following reports
of the Treasurer and Director, presented to this Board at its
Annual Meeting, held in Hartford, January 15th, 1878.

By order of the Board.

d Signed, 1{ D. HUBBARD, President.
'/ ~ W. H. BREWER, Secretary.



REPORT OF THE TREASURER.

W H. BREWER, in account with The Connecticut Agricultural

FEuxperiment Station.

RECEIVED.
From State Treasurer, to date,._ .. ... $2,500.00 >
For Chemical Analyses, .. .. _..._._.___ 131.65 Y\
Cash gift for purchase of seeds,... _.. 10.00 »
Paip.

E. H. Jenkins, salary six months, ._. _ $700.00
H. P. Armsby, ¢« i R e 600.00
S. W. Johnson, ¢ LS s e 500.00

. $1,800.00
Stationery, postage and printing, ... _. 240.67
Liaboratory expenses, . - Lty ol 141.50
Raptrtnne s e e e G ' 94.12
Museellaneons: -] el DS U 63.95

$2,340.24

Uashironihawd ol G LR S0 ,301 41

$2,641.65 $2,641.65

There is now due the Station, eighty (80) dollars for chemical
analyses made, and the bills outstanding against the Station
amount to about three hundred and fifty (350) dollars.

WM. H. BREWER,
Treasurer.

New Havex, Conx., January 14th, 1878,

REPORT OF THE DIRECTOR.

In accordance with the decision of the Executive Committee of
the Experiment Station, Messrs. Jepkins and Armsby were
engaged to enter mpon their work Jilly 1st, 1877. The apart-
ments placed at the disposal of the Station by the authorities of
thre Sheffield Scientific School, could not be put under repair until
the same date, and therefore, with permission, the chemical work
was begun in one of the laboratories of the Sheffield School,
which then became vacant by the closing of the college year,
and the work was carried on there for six weeks. About August
15th the Station Laboratory was ready for occupancy, and gince
that date all our operations have been conducted in it.

Some weeks were consumed in the needful preparations for
chemical work, and the first analysis of a swamp muck (peat)
was reported August 6th.

During July, the announcement, which stands upon a previous
page of this volume, was printed and distributed as widely as
possible through the newspapers, the Agricultural Societies and
the Farmers’ Clubs of the State, as well as by the mail.

At the same time the Director prepared a sheet of printed
« Instructions for Sampling Commercial Fertilizers” and another
« Form for Description of Samples,” to issue to parties sending in
fertilizers for analysis. These, like the similar instructions and
blanks that were found useful at the Middletown Station, were
based upon a circular prepared by the writer and printed March,
1875, by the Secretary of the Board of Agriculture, for use in
the work of fertilizer analysis, undertaken for the Board at that
time by the undersigned, with the aid of Mzr. Jenkins. The cir-
cular, as well as the results of that work, were not published
except in the newspapers of the State.

The  Instructions for Sampling” now issued by the Station are
the following, and explain themselves.
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THE CONNECTICUT AGRICULTURAL EXPERIMENT STATION, NEW
HAVEN, CONN.

Instructions for Sampling Commercial Fertilizers.

The Commercial Value of ahigh pri ili i
( a.high priced Fertilizer can be esti-
mated, if the percentages of its principal fertilizing elementse:rle
known. Chemical analysis of a small sample, so taken as to
f?lrly represent a large lot, will show the composition of the lot
The subjoined instructions, if faithfully followed, will isnure a
fair sample. Kspecial care should be observed that the sample
neither gains nor loses moisture during the sampling or sending
:}sl ntlay easily l;appen in extremes of weather, or from even a
ort exposure to sun and wi ing i
it vg)ssel, n and wind, or from keeping in a poorly
1. Provide a tea cup, some lar {

) cup, § ge papers, and for each sampl
glass fruit can or tin box, holding about one quart thai ;r;g ebi
tlgghtl‘%rc]oied, all to be clean and dry. : :

. Weigh separately at least three (3) average packages (bar-
rels or bags) of the fertilizer, and enter thesegactglal wgez'qlz(ts il;l
the g orm f}c])r Description of Sample.” i

3. Open the packages that have been weighed, and mix w
together the contents of each, down to one-ha%f its dgpt}:me)in‘}zf}lf{
ing out upon a clean floor if needful, and crushing any soft, moist
lumps in order to facilitate mixture, but leaving hard dry’lumps
unbroken, so that the sample shall exhibit the texture and
mechf}m](;al condition of the fertilizer.

4. Take out five (5) equal cupfuls from different

: ¢ arts of th
mixed portions of each package. Pour them (15 in a?ll) ong ovei
another upon a paper, intermix again thoroughty but quickly to
avoid loss or gain of moisture,, fill a can or box from this mixture
close tightly, label plainly, and send, charges prepaid, to ,

THE CONN. AGRICULTURAL EXPERIMENT STATION
New Haven, Conn.

Here is subjoined the Form for Description of Sample, now
used. ,

THE CONNEOTICUT AGRICULTURAL EXPERIMENT STATION, NEW
HAVEN, CONN.

Form for Description of Sample.

Station No. Rec’d at Station, 18

Each sample of Fertilizer sent for analysis must be accompanied
})Y %‘ie of these Forms, with the blanks below filled out fully and
egibly.
as'ghlz lfiellled out Form, if wrapped up with the sample, will serve

15 :

Send with each sample a specimen of any printed circular,
pamphlet, analysis, or statement that accompanies the fertilizer
or is used in its sale.

Brand of Fertilizer,

Name and address of Manufacturer,
Name and address of Dealer from whose stock this sample is taken,

Date of taking this Sample,
Selling price per ton or hundred, bag or barrel,
Selling weight claimed for each package weighed,

Actual weights of packages opened.
Here write a copy of any analysis or guaranteed composition

that is fixed to the packages. ‘
Signature and P. O. address of person taking and sending the

sample.
/.

On receipt of any sample of fertilizer from the open market,
the filled out “Form for Deseription,” which accompanies it, is
filed in the Station’s Record of Analyses and remains there as a
voucher for the authenticity of the sample and for the fact that it
has been fairly taken. It is thus sought to insure that manufac-
turers and dealers shall not suffer from the publication of analyses
made on material that does not correctly represent what they
have put upon the market.

The Form for Description” also contains all the data of cost,
weight, &e., of a fertilizer necessary for estimating, with help of
the analysis, the commercial value of its fertilizing elements, and
the fairness of its selling price.

When a sample of fertilizer has been analyzed the results are
recorded on a printed form, as in the subjoined specimen, which
is filed in the Records of Analyses facing the Description of
Sample” that was received with the fertilizer to which it pertains,
and there remains for future reference.

RucorD OF ANALYSES.

’ Sample No. 14.

_ o Received Aug. 23d, 1877,
Analysis reported September 6th, 1877. References™
Brand, Pure Ground Bone.
Manufacturer, G. M. Dean, Springfield, Mass.
Dealer, G. M. Dean, Springfield, Mass. !
Sampled and sent Aug. 11, by Andrews Bros., Southington, Ct.
Wit. of packages, Wt. claimed, Cost, $30 per 2,000 lbs. at

the Manufactory.

* To Chemist’s note book.
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Condition, dry, but rather coarse.
Mechanical Analysis: Passed holes 5! inch 28 per cent.

13 <« 13 13 o
J s 8

(13 13 1 113 [13 (13
Tz 12

“ (13 1 113 “ (43
;o1

Coarser than § '« 35 ¢« &

Chemical Analysis and Valuation.

Pounds per Pounds per Estimated Estimated
Hundred. Ton Value per Value per
(2,000 Ibs.) Pound Ton.
Moisture, 7.78
Organic Matter,* 35.98
Ash,t 56.24
100.00
* With Nitrogen, 3.80 76 15 cts.  $11.40
t With Phosphoric Acid, 19.94 400 5 cts. 20.00
Hotalestimited walne T TR T CRE I R s $31.40
ik e el it s B M SN o i T

A copy of the analysis is also immediately reported to the
party that furnished the sample, the report being entered on one
page of another printed form and facing a second printed page of
“ Explanations” intended to embody the principles and data upon
which the valuation of Fertilizers is based.

The following is a copy of such a Report of Analysis with the
Explanations.

Report of Analysis.

CoNNECTICUT AGRICULTURAL EXPERIMENT STATION.
New Haven, Conn., Oct. 5th, 1877,
Analysis of “ Fine Bone Manwre.” y
Sample No. 28, rec’d Sept. 29, 1877 from Smith Terrill, Seymowr,
Conn,
Condition, quite dry and fine.
Mechanical Analysis: Passed holes %5 inch 62.4 per cent.
13 (13 _2_]3 13 3‘8 (13 “
(13 13 T12' 13 5.6 13 113
113 13 % {3 3.5 €« 13
Coarser than } ¢« 247 « «
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Chemical Analysis and Valuation.

Pounds per Pounds per  Estimated Estimated
Hundred. Ton Value per  Value per
(2,000 1bs.) Pound. - Ton:
Phosphoric Acid, 19.04 380.8 Tcts.  $26.66
Nitrogen, 1.91 38.2 18 cts. 6.88
fEocal extimated value, (0000 DUUE DRI e G IO il R $33.54
iy e etk o AP Gl WO ol et R $30.00'

S. W. JouxNsow, Director.

EXPLANATIONS,

Nitrogen is commercially the most valuable fertilizing element.
It occurs in various forms or states. Organic nitrogen is the
nitrogen of animal and vegetable matters generally, existing in
the albumin and fibrin of meat and blood, in the uric acid of bird
dung, in the urea and hippuric acid of urine, and in a number of
other substances. Some forms of organic nitrogen, as that of

~ blood and meat, are highly active as fertilizers; others, as that of

hair and leather, are comparatively slow in their effect on vege-
tation, unless these matters are reduced to a fine powder or
chemically disintegrated. Ammonia and nitric acid are results
of the decay of organic nitrogen in the soil and manure heap, and
are the most active forms of Nitrogen. They occur in commerce
—the former in sulphate of ammonia, the latter in nitrate of soda.

17 parts of ammonia contain 14 parts of nitrogen. -

Soluble Phosphoric acid implies phosphoric acid or phosphates
that are {reely soluble in water. It is the characteristic ingredient

of Superphosphates, in which it is produced by acting on “insolu-

ble” or “ reverted ” phosphates with oil of vitriol. It is not only

- readily taken up by plants, but is distributed through the soil by
Tains.  Once well incorporated with soil it shortly becomes rever-

ted phosphoric acid.

Reverted (reduced or précipitated) Phosphoric acid, means
strictly, phosphoric acid that was once freely soluble in water,
but from chemical change has become insoluble in that liquid.
It is freely taken up by a strong solution of ammonium citrate,
Which is therefore used in analysis to determine its quantity.
“Reverted phosphoric acid implies phosphates that are réadily
assimilated by crops, but have less value than soluble phosphoric
acid, because they do not distribute freely by rain, 3

} 2
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Insoluble Phosphoric acid implies various phosphates not freely

soluble in water or ammonium citrate. In some cases the phos-
phoric acid is too insoluble to be readily available as plant food.
This is true of the South Carolina rock phosphate, of Navassa
phosphate, and especially of Canada apatite. The phosphate of
raw bones is nearly insoluble in this sense, because of the animal
matter of the bone which envelopes it, but when the latter decays
in the soil, the phosphate remains in essentially the “reverted”
form.

Potash signifies the substance known in chemistry as potassium
oxide, which is the valuable fertilizing ingredient of “ potashes”
and “potash salts.” It is most costly in the form of sulphate,

and less so in the shape of muriate or chloride.

" The Vuluation of a Fertilizer signifies ascertaining its worth in
money, or its trade-value, a value which it should be remembered
is not necessarily proportional to its fertilizing effects in any
special case.

Plaster, lime, stable manure and nearly all of the less expensive
fertilizers have quite variable prices, which bear no close relation
to their chemical composition, but guanos, superphosphates and
other fertilizers, for which $30 to $80 per ton are paid, depend
chiefly for their trade-value on the three substances, nitrogen,
phosphoric acid and potash, which are comparatively costly and
quite steady in . price. The money-value per pound of these
ingredients is easily estimated from the market prices of the
- standard articles which furnish them to commerce.

The following are the trade-values or cost in market, per pound,
of the ordinarily occurring forms of nitrogen, phosphoric acid and
potash, as recently found in the New York and New England
markets :

s : . : Cents per Pound.
Nitrogen in ammonia and nitrates,___._._. AL R At o Tt LS 24

“ in Peruvian Guano, fine' steamed bone, dried and fine ground

blood. meat and fish, . /oo Loon . o0 L i e O 20

“ in fine ground bone, horn and weol dust, ._..._...__.....___ 18

**  in coarse bone, horn shavings and fish serap, - -« c.covea. ... 15
Phosphoric acid soluble in water,.._______.._. e AN o 124

L " vreverted” and in Peruvian Guano,_ .- ..___.._....._. 9

u“ “ insoluble, in fine bone and fish guano, ... ..___.___._ %

u ¢ 4 in coarse bone, bone ash and bone black, ... __ )
" 1 i in fine ground rock phosphate,. ...__._.....___ 3%

Patash in high grade sulphate, ..o b 6 Lol 000l LG Tt 9
e in'kainite, as sulDRaLery ST g R T LR 3

#  in muriate, or potassium chloride, . ...... ... _._ .. ... _._...... 6
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These «estimated values” are not fixed, but vary with the .st:,ate
of the market and are from time to tim.e subject to revision.
They are not exact to the cent or its fractions, b'ecause the same
article sells cheaper at commercial or manufacturing centers than
in country towns, cheaper in large lots than in small, cheaper for
cash than on time. These values are high enough to do no injus-
tice to the dealer, and accurate enough to serve the object of the
consumer.

By multiplying the per cent. of Nitrogen, &c., by the trade- -
value per pound, and then by 20, we get phe value per ton of the
geveral ingredients, and adding the latter together we obtain the
total estimated value per ton. y

The uses of the “ Valuation” are, 1st; to show whether a given
lot or brand of fertilizer is worth as a commodity of trade what it
costs. If the selling price is no higher than the estimated value,
the purchaser may be quite sure that the price is reasonable. If
the selling price is but $2 to $3 per ton more than the estimated
value it may still be a fair price, but if the cost per ton is 85 or
more over the estimated value, it would be well to look further.
2d, Comparisons of the estimated values, and selling prices of a
number of fertilizers will generally indicate fairly which is the
best for the money. But the “estimated value” is not to be too
literally constrned, for analysis cannot always decide accurately
what is the form of nitrogen, &c., while the mechanical condition
of a fertilizer is an item whose influence cannot always be rightly
expressed or appreciated.

The Agricultural value of a fertilizer is measured by the benefit
received from its use, and depends upon its fertilizing effect, or
crop-producing power. As a broad general rule it is true that
Peruvian guano, superphosphates, fish scraps, dried blood, potash
salts, plaster, &ec., have a high agricultural value which is related
to their trade value, and to a degree determines the latter value.
B}_lt the rule has many exceptions, and in_particular instances the
trade-value cannot always be expected to- fix or even to indicate
the agricultural value. Fertilizing effect depends largely upon
8oil, erop and weather, and as these vary from place to place and
from year to year, it cannot be foretold or estimated except by
the results of past experience, and then only in a general and prob-
able manner.

- The “estimated values per pound” in the above schedule are
tbose employed by Dr. Goessmann and Prof. Atwater in their
Tecent Reports,
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The Best Sources of Fertilizer Samples are Farmers' Clubs.

As a measure towards securing samples of fertilizers for analy-
sis, the following circular letter was addressed to the Secretaries
of the twenty-seven Agricultural Societies and eighteen Farmers’
Clubs known or supposed to be in existence in this State.

Circular.
TaEe CoNN. AGRICULTURAL EXPERIMENT StATION,
New Haven, Aug. 14th, 1877.

Sec’y Agricultural Society.

DEear Sir—Doubtless the most effectual way of maintaining
the fertilizer business in a state satisfactory both to buyers and
sellers is to make and publish from time to time, and especially
during each season of active trade, several analyses of every
brand of fertilizer found in our markets. Such analyses are
obviously most satisfactory when made on samples taken by
actual consumers from their purchased stock or from lots offered
to them for purchase. Analyses of samples authenticated by an
association like yours will naturally carry more weight than any
other. The publication of analyses will tend to hold dealers and
manufacturers up to their guarantees, and will promptly expose
anything of a fraudulent or doubtful character.

There are in this State some forty-five county and other local
societies and Farmers’ Clubs. Their concerted action will easily
supply the Station with the requisite samples. Will you bring
this matter before the members of your association and take
measures to cooperate at once with the Station. It will be best
to advise with me before sending samples, in order to learn what
fertilizers have already been received 1n sufficient number.

If desired by your association I will forward to you a copy of
each commercial fertilizer analysis made at the Station, to be put
on file for the use of your members.

Very truly yours,
S. W. Jounsoxn, Director.

/

Responses by letter or in person were received from a goodly
number of these organizations, although during the summer
months they hold no meetings, and in every case their hearty

codperation and desire to profit by the work of the Station was
cordially expressed.

There are, however, some of the societies and clubs that remain
to be heard from, and it is hoped that they will come speedily to

the front and work energetically with the Station for their own
and for the general good.
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|« Fertilizer Control.”—The above circular expresses the views
of the officers of the Station as to the best mode of exercising a
« Fertilizer Control.” It is not deemed expedient for the Station
to attempt any formal and systematic inspection of maxmfactox:ies
or store-houses of fertilizers, with the idea that such inspection
can in any sense be made a guarantee of the genuineness and
good quality of whatever is sent out therefrom. It is held that
the liability of any brand of fertilizer, if exposed for sale any-
where in the State, to be subjected to the scrutiny of the Station
at the hands of consumers, and in the very condition in which it
is offered to them, will be the most easy, the most healthy, and
in the long run the most certain and effectual method of * contll'ol..”
It has the great advantages over dny other system tha?t it is
entirely fair; that it so distributes responsibility that the Statloq 3:11(1
its officers cannot enter into the temptation or incur the suspicion
of favoritism or partiality ; it keeps the producer and dealer con-
stantly alert to hold their wares up to 2 high standard of excel-
lence; and it exercises the caution and the intelligence of the
consumer in a manner that must react favorably‘on every branch
of his business. s
The Station, therefore, does not assume any direct or positive

‘& eontrol” over the fertilizers that are placed in our markets. It

does not send its agents to take samples from the stock of all
makers and sellers of fertilizers, with the intent to guarantee to
all buyers a good bargain.

It is manifestly impossible by any practicable amount of
“inspection” under existing laws and customs to exclude inferior

articles from the markets of this State. Nothing short of a special

police on duty day and night at every place where fertilizers are
prepared or stored can prevent a dishonest maker or dealer from
diluting and falsifying the articles he offers, between the time
when the Station takes its samples and the time the farmer may
buy on the Station’s analysis and guarpntee.

The system adopted by the Station. is that which for twenty
years has worked well in Connecticut, under the auspices of the
State Agricultural Society and of the Board of Agriculture,—
which has worked well although applied very imperfectly and at
considerable intervals of time. :

It is believed by the officers of the Station that when it is fully
understood that there is in each town of the State one Farmers’
Club, or at least one farmer who will take the trouble to commu-
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nicate with the Station in respect to the fertilizers which are
offered for sale, and when it is known that e work of analysis
will inevitably go on Jrom year to year, adulterations and frauds
will be unheard of, and, what is equally important, the good
articles will be sold at equitable rates,

It is believed also that a comparatively small number of analy-
ses will accomplish this result, leaving the energies of the Station
available, in'good degree, for other and higher classes of work,

Publication of Results.—The fourth and fifth samples of fertili-
zers, brought to the Station for analysis August 11th, were a
“Composition for Grass” and a « Composition for Vegetables,”
prepared and sold by Pollard Bros., 3 Custom House Square,
New Haven. The results of the analyses of these articles were so
worthy of immediate publication that the following Bulleting
were prepared and copies* were dispatched to the editors of each
newspaper in the State, so far as known to the Station, and to the
Secretary of each Agricultural Society and Farmers’ Club.

The matter of these Bulletins was widely copied by the press
throughout the country, and stands as conclusive evidence that
the Experiment Station was needed in this State this year.

Bulletin,

Conn. AericurruraL ExpERIMENT StaTion,
New Haven, Conn., Aug. 18th, 1877.
Analysis of “Composition for Grass,” sold ‘by Pollard Bros.,

Manufacturers and Dealers in Improved Fertilizers, 3 Custom
House Square, New Haven, Ct.

Analysis on. Barrels.
Organic and soluble plant food

____________________ 86 per cent.
Inorganic matter

Eaht et G B0k R CONISIE GRNERINENT, & 4 o 5
Station Analysis and Valuation.
Pounds Pounds Value Value
per 100. per ton. per lb. per ton.
b LA e 16.72 637.5
Vegetable Matter. .. ... 13.92 227.7
(Nitrogen of Vegetable Mat.) (.19) (3.1) 18 cts. 56 cts.
Sand and Earth __ S SRR 10 1067.8 .
ORI o i DN .15 2.5 6 cts. 32 cts.
SOt by VP o e TEETG 23 2.8
e i Gide i TG 1.38 22.6
Mg nesin A 0y sl .96 15.7
Phosphoric Acid._..___ .37 6.1 5 ots. 15 cts.
Carbonic Acid and Chlorine. 1.00 16.4

* Made by aid of Edison’s Electrical Pen and Duplicating Press.

LAk, L e

Inorganicmatter . .. .. ... ...

Walugiper ton, estimated ... -...--o-- G

e ins but 4 per cent. of plant food.

he sample contains P ; '

As anarlli’z?g;;'ater, ve%etable matter }?nd ?agth’dn;ts:x(:l ﬁrl:g;
96 per ¢, 7. magnesia and soda have indeed a |

reling. bur{bs?nlcl:lf},) ey f&company nitrogen, phosphoric acid and

Val“eil in all good high-priced fertilizers, their value is included in
otash 10
- ed substances. Ak
"h’,}f'h()f‘f;(;,lif;srgg ton” statement includes, as water, the differ
o .

between the selling weight of 250 1bs. per bbl. and the actual
ence

weight, 2044 1bs.

S. W. Jonxsoxn, Director.

Bulletin.
CoxN. AGRICULTURAL EXPERIMENT STATION,
New Haven, Conn., August 28, 1877.
Analysis of “Composition for Vegetf,lbles,” ng:gl by Pollard
Brothers, 3 Custom House Square, New Haven, s
Analysis on Barrels.

! : t.
Organic and soluble plant food ... ._._........._.. 73 per cen

27 per cent.

Stati ) tion.
Station Analysis and Valua
g Pounds in Pounds in Value per Value per

100 dry.  ton fresh.  pound. ton.
Water W S LR R R | 677.;
ble Matte ; 188.
Vegetable Matter_ L. ___12.04 S
N i%.rogen of Vegetable M.) (.09) (61:4?2 18 cts. 25 ¢
éand and Earth .. .. ... __68.?6 10 ?7.2 diaé, S
L AN p ;
ggga.---_-_--...---.--- 1.24 19.4
i 1.41 22.2
. 13
Lol Y S .88 ; i i
Phosphoric Acid . _ .. i 6.; 5 cots.
Carbonic Acid and Chlorine, .05 ; o
B s fon, estimated - - icooiiioicescesmesaadaicod i

Cost Ll e R e G (GG g S

Since the barrel, stated to contain 250 Ibs., Welggxe% _bu’f‘ iﬂfj 1;:3:
- owing presumably to loss of water, 1,564 1bs. (} _ t I:he fa.ctpory-
tion” ag analyzed represent one ton of it fresh 1pmd R
In the fresh state it contains 24 per cent. of plant foo ”?rt ikingl
a good compost. This * Composition f?r Vegetal}}es St,ri . gﬂg
Tesembles the “ Composition for Grass,” reported uguats dighhed
Contains in the ton of fresh substance the same ar'r(xiouﬂ.tshoa little
and earth, of lime, magnesia, and phosphoric acid, wi

: nd less vegetable matter.
; More water, potash and soda, a S. V% Jounson, Director.
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To call the attention of the press particularly to the character
and significance of the Station’s labors, the following circular let-
ter was addressed to the editors of all the newspapers of the State,
thirty seven in number, whose address was obtainable. '

Cz'rgular Letter.

Tae CoNN. AGRICULTURAL KXPERIMENT STATION,
New Haven, Conn., August 28, 1877.

Me. Eprror,—The analyses and investigations made at this Sta-
tion, at the State expense, are items of news, of interest and im-
portance to every farmer who uses Commercial Fertilizers or
endeavors to apply science to his practice. The analyses are of
especial interest because they give exact knowledge of the com-
position and trade-value of a class of articles of which little ean
be judged by appearance, and in which the gravest frauds are
practised. The analysis of Pollard’s “ Composition for Grass,”
1ssued from this Station Aug. 18, and the accompanying analysis
of a similar worthless article, illustrate the impositions to which
our agriculture is exposed. The Station sends out its Bulletins
simultaneously to every newspaper in the State. Their prompt
publication, especially in the weekly papers, will insure the far-
mers getting this information in season to be of use.

May not the Station rely on your assistance in making the sub-
Jject matter of its Bulletins accessible to every farmer in the State
by immediate publication in your columns? Should you do so,
please send a copy of your paper with the printed Bulletin, to the
undersigned, so that the Station may possess the evidence of
your codperation, and be able to judge how extensively its inves-
tigations are appreciated. Yours very truly,

S. W. Jonxsox, Director.

The response to this letter was very prompt and encouraging in
a number of cases, but not so in others, and the Station is unable
to declare how large a proportion of Connecticut newspapers
regard its Bulletins as entitled to immediate and complete repro-
duction in their columns.

The Station cannot with its present resources reach nearly all
the farmers of the State, in any way except by this help of the

local newspapers. If subscribers call for prompt publication of

the Station Bulletins, there is no doubt that their wishes will be
carefully attended to, and it rests therefore largely with the far-
mers themselves whether or no they receive the information which
is designed for their benefit.

Another widely-known fertilizer was made the subject of a
third Bulletin, which is as follows :
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Bulletin.
CONNECTICUT AGRICULTURAL EXPERIMENT STATION,
New Haven, September 8, 1877.

A sample of Soluble Pacific guano lately obtained at'Mount
Carmel, Conn., has the following composition and valuation, ac-
cording, to the Station analysis:

’ Pounds Pounds Value per Value per

‘ per hund.  per ton. pound. ton.
o R R 2.43 48.6 20 cts.  § 9.72
Soluble Phosphoric Acid._ 518 103.6 12} et 1?.32

rted K L 19.2 9 cts. 7
%;Z)fuble 4 Lk ol 2 122.4 5.1 etss 6.12
L SRS I 32.6 7% ets. 2.44
T e R 19.88 891.6

fRetat estimated value JC T T VRS D $32.96
| e et R OO A S R i B et $45.00

This fertilizer comes in 200 pound packages. Five packerxges
from which this sample was drawn weighed 1,006 pounds. The
soluble Pacific guano is represented or guaranteed to contain:

Soluble Phosphoric Acid _ ... -.-_...._... 44 -8 pel:‘cent.
Reverted Phosphoric Acid .. _........_..._. 2 -5 .
Tnsoluble Phosphoric Acid.. .. ... ........4 -6 .
LR R R R eV R i
e B GV A 24 -8% g
S AR s S s 2:5-21%

With the highest per cents the value would be $54.60; with
the lowest $31.75 per ton. This wide range of per cents corres-
ponds to a difference in trade-value of $22.88 per ton. The mean
per cents would make a value of $43.17 per ton.

' S. W. Jonxson, Director.

- It may be mentioned that a second sample of soluble Pacific
guano brought to the Station by Mr. Dickerman, the Agent, was
analyzed without charge, and the analysis was found to agree sub-
Stantially with that given abaoye. The defails of this second analy-

88 are given on a subsequent page.

Early in October analyses had accumulated to the number of

- thirty, many of which were of sufficient interest to the agricultu-
- ral public to justify their publication, It was difficult, however,

%0 put them in suitable form for comparison on single page bulle-
tins Jike those previously issued, and it was also desirable to cir-
Culate g larger number of copies than could be obtained without

elp of the printer. The Executive Committee therefore ordered:
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to be prepared and struck off 1,500 copies of a “Bulletin for Oec-
tober, 1877.” Tt will not be advantageous to reproduce this Bul-
letin literally in the Annual Report, because the matter of it will
necessarily appear with additions on subsequent pages. It
scarcely need be added that the October Bulletin was soon dis-
tributed, and that a much larger-edition might have been printed
to the advantage of the public, and would have been, had the Sta-
tion’s funds permitted the outlay.

These details as to the efforts made to secure publication of the
Station work are entered into because it is as important to put
valuable information promptly at the service of the people as it
is to prosecute the labors which yield useful knowledge.

An Organ for the Eaxperiment Station needed,—It is greatly
to be regretted that Connecticut has not an agricultural paper of
its own which might serve as the organ of the Experiment Sta-
tion, and the means of weekly communication between it and the
farmers who are to be benefited by its investigations, and it is to
be earnestly hoped that some enterprise of the kind may soon be
undertaken among us. A good practical journal would greatly
support and aid the Station and promote the agriculture of the
State. It can not be doubted also that the Station might largely
contribute to give character and circulation to an agricultural
paper conducted on sound and liberal principles. There is
certainly a field for journalism quite unoccupied as yet in this
country, viz: making accessible to American readers the fruits of
the practical agricultural science that has been flourishing so
vigorously abroad during the last five and twenty years, and the
lack of knowledge of which, daily occasions immense loss and
waste of labor and capital among us. In Germany no pains have
been spared to facilitate intercourse between the Experiment Sta-
tions and the people. Not only have all the various agricultural
papers and magazines been eager to serve as channels of publication
but special journals have been established for the purpose. Since
1859 a bi-monthly journal entitled Die Versuchs-Stationen (The

Experiment Stations) has been issued without interruption as the
special organ of the Saxon Stations, and for a number of years
the Prussian Board of Agriculture has annually published a large
voll.lme in bi-monthly parts, to embody the results of the investi-
gations made in the Prussian Experiment Stations and agricultural

;cho.ols. In Ttaly also a similar organ of the sixteen Experiment
tations of that country is issued at Turin,
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While the Annual Report serves to publish the dfatailed .results
of the work of this Station, and while by means of bulletins and
communications to the newspapers the more unp.ortant resu.lt,s of
investigation may be diffused, yet the Co.nnectlcut Expel‘.lmelr]lt
Station cannot reach its full efficiency 'untl.l every farmer in the
State is able to find in some one publication a re.ady means of
Jearning promptly what is doing in the way of testing fertilizers,

_ seeds, etc., and of asking and having answered in its columns

questions which would not be appropriate nor timely in an annual
voglazl;:nary of Station Work.—The nagure oi" the. expel'imfzqts
and investigations undertaken at the Station is briefly specified
in the following paragraphs: b :

Naturally, the Analysis of Fertilizers h?‘s been our chief occupa-
tion, because the advantages of that kind of work are -w‘flefly
appreciated by the citizens of the State, and the necess1?y' or
continued vigilance in respect to fraudulent or worthless articles,
is liable to be illustrated anew every season.

Fifty-one samples of fertilizers have been a.nalyzed and {eported
during the five months that have elapsed since preparations for
this kind of work were completed. For details, see subsequent
pa%f:.' Jenkins has devoted some time to Seed-Testings and has
“examined thirty-two samples, most of them coming from the
Department of Agriculture at Washington.

Of Feeding-Stuffs, nine samples have been ana.ly.zed. :

Mr. Armsby has worked upon some of the Relations of Soils to

Water. . At
The Methods of Fertilizer Analysis bave been the subject o

~ numerous experiments with a view to simplifying them and sav-
; '{Hg for other purposes a part of the labor and time now required

in their execution. Already some decided improvemeut.,s hzfve
been made in preparing the reagents required for the Eistnnatlon
of Nitrogen. In respect to Phosphoric acid we are _testmg a pro-
. Gess greatly simpler than these in use, and have. in m.ost ~cases
obtained highly satisfactory results, but further investigation 18
needed to make it entirely trustworthy in general application, and

~ 1ts publication is therefore withheld for the present.

In addition to this experimental work, a not inconsiderable'Cor-
respondence has necessarily been attended to. This has consisted

~ mot only in the exchange of letters on current business, but also
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in responses to inquiries respecting the organization and work of
the Station that have come from Boards of Agriculture, Official
Committees and interested individuals in eight other States, and
in answers to a great variety of questions on the value or use of
fertilizers and kindred topics from practical farmers in this State
not only, but in many others, from Maine to Texas. L)

Fertilizer Analyses.

During the six months of its existence, fifty-one analyses have
been performed in the Station Laboratory, on fertilizers or sub-
stances used as such, viz. :

2 Pollard’s compositions for grass and vegetables,
2 peat and bog ashes,

3 peats or swamp mucks,

1 pond mud,

3 native phosphates from South America,
7 bone manures,

2 tankings,

1 hair manure,

1 horn shavings,

2 blood fertilizers,

4 guanos or substances so-called,

4 superphosphates,

15 dried fish scraps or fish guano,

4 potash salts.

Of these fifty-one fertilizer analyses, twenty-five have been
made for manufacturers, importers and dealers, and twenty-six
have been made in the interest of consumers. The analyses that
have any general interest are given below, and those that repre-
sent articles in the market are accompanied with a valuation.

The Pollard Fertilizers—These are so-called fertilizers that
were sold by, or on the representations of one H. M. Pollard, styl-
ing himself Agricultural Chemist, who during the Spring of 1877,
established his head-quarters at New Haven and made a business
of visiting farmers and proposing to inform them what applica-
tions were necessary to make their fields productive. He pro-
fessed to analyze soils by smell and taste as well as by “chemicals”
that he carried in his pockets, and thereby pretended to discover
what was lacking in their composition or what needed to be
supplied in order to remedy their deficiencies. This done, he
wrote on the spot the prescriptions suited to each field or crop,
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andertook to compound a fertilizer suited to the case. He
L duced testimonials purporting to be from well known citizens
thode Island whose endorsement served to secure hlm.an
0ft,em,ive hearing. The following are specimens of the app}ma—
::ons he recommended upon a farm near New Haven. Each

formula was for one acre.

For one lot: =Y
100 pounds soda ash.
150 pounds stone lime.
60 pounds carbonate of potash.*
20 pounds copperas.
1 bushel salt. /
For a second lot:
100 pounds lime-chalk.
100 pounds ground niter cake.
25 pounds copperas.
1} bushel salt.

~ For a third lot :

The above and 200 pounds cotton seed meal.
For a fourth lot :
50 pounds sodx ash.
100 pounds carbonate of lime.
50 pounds German salts.
: 30 pounds copperas.
For garden :
The last named and ten pounds dry soda.

Ability to make such nice distinctions between contiguous
fields argues either wonderful wisdom or vast eﬁ'r‘ontery, :emd the
appearance of wisdom was very well maintained to.r a .wlnle.

H. M. Pollard having visited Naugatuck and vicinity and ex-
cited the interest of the farmers there, Mr. M. S. Baldwin, Se::zre-
tary of the Naugatuck Farmers’ Club, inspef;cted the works. of
“Pollard Bros.” in New Haven, who were prepared to furnish a

‘considerable quantity of fertilizer, adapted to the farms of Nauga-

tuck and at a low price. Mr. Baldwin informed the Station by
letter under date of August 22d, that on reaching the “purportfed
‘manufactory at 3 Custom llouse Square, he found an unloccupled
building, but nought to indicate any business except a bright R
looking sign over the door of ‘Pollard Bros. Improved Fertilizers,

* See Carbonate of Potash, p. 44.
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On inquiry found they were operating on ground formerly over-
flowed by tide water between the New Depot and Meadow Street,
On reaching their place early in the day, found no one about but
saw where the surface of the ground had been removed and under
a shed close by were heaps of. sand and mud that appeared to be
mixed from this surface soil and to be the basis of the fertilizer ;
consequently none of. the fertilizer was ordered.”

The “Composition for Grass” and « Composition for Vegeta-
bles,” whose analyses are subjoined, were taken from barrels in the
hands of a purchaser at Mt. Carmel. The samples were drawn
August 10th, by Mr. Webb, Chairman of the Executive Commit-
tee of the Station. See also pp. 22, 23.

Composition for|Composition for| Hareor
Vegetables. I Grass. Mup.
PoLrARD BRros., 3 Custom L. Wharf, N.
House Sq., New Haven. Haven, 1860,

Station Nou= . Jlr ol D0 e 4 5 H. M.
MotaGAPet oot Sl XS G 15.41 16.72 Dried at 212°
Organic and Volatile Matters__ ©12.04 13.92 10.56
NFrbgan T ) G (-09) (.19) (.52)
Sand and Insoluble._.________ 17.21%
Selnble Silica, .~ . 1L 0 T 68.12 65.27 42
Oxides of Iron and Alumina. .. 7.36
e RS VTR 1.41 1.38 i
Magniania o oato GRS T .88 .96 e
Ealaale il LU e s e .46 .15 B i
R o L G s 1.24 .23 .80
Sulphuric Acid _......__._____ trace irace .96
Phosphoric Acid......_..._.. .39 .39 .03
Chlorine and Carbonic Acid. ___ .05% 1.00% A3

100.00 100.00 100.00
Estimated Value....._._.___. $ .99 $ 1.03
OORINIT A G T R $32.00 $32.00

The analysis H. M. which is given above represents the com-
position of a sample of New Haven harbor mud dredged up off
Long Wharf in 1860. The analysis was made on the fresh mud
by W. H. Bergen, Esq., then studying Analytical Chemistry under
the writer’s tuition. On comparing the analyses 4 and 5 with
H. M., making allowance for the water in Pollard’s Composition,
it is seen that the harbor mud, if mixed with one per cent. of
bone-ashes and one per cent. of oyster shell lime would equal or
surpass these “improved fertilizers” in every respect.

* By difference.
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It is scarcely needful to mention t?lat on t'he p.ublic.atic‘m of
e se analyses, H. M. Pollard ceased his oper'(.n:.xons in this State.
o newspapers that had advertised his fertilizers without pay-
;I:;zt, advertised his character gratuitous.ly, and the last,. i'ptelll-
génce of his operations came from the Springfield, Mass., jail.

Ashes of Bogs and Peat.
9] from P. M. Augur, Esq., Secretary of the Middlefield Far-
~ mers’ Club, is the residue after burning the bogs” or hummocks
 of coarse grass or sedge that grow in swamps. ;
: o,f-44 is t}%e ashes of peat (muck) from Mr. John Davis, of North
':\"Stbnington. The swamp of 100 acres, more or less, has sever'al
small streams running through it and one outlet. It is flooded in
" wet times and is frequently dry in summer. '
" The other analyses—from my Report to the Conn. State Agri-
e cultural Society in 1858, and from *‘ Peat and its Uses as Fuel and
~ Fertilizer”—serve for comparison.

B
' B Boe PEAT OR SWAMP MUCK ASHES,
R ASHES. = o
B iddle- Nor. Ston-| Poquo- ole- uil-
Pyl : Mﬁleld. ington. |nock, '57. [bro’k,’57.| ford.
£ 242 - N
& B0 No.. - ....-------- 21 44
e ... 410 PUL T TR RSP e
B and Tusoluble ... } 750 | 9011 | 2034 | 1644 | 6485
B ot 1o i ina - 9 3.46 517 | 9.08 | 15.59
it ?ﬁ?nd:s g Al“ml_n.a.: 13:36 trace 4052 | 3559 | 6.60
B . 1.11 13 6.06 | 492 | 1.05
B 51 | none .69 80 | 346
BT .29 . .58 LE 10 verace
B oic Acid ... 2 | trace 652 | 1041 ‘i.g‘;
* Phosphoric Acid........... 55 22 30 a 85,
€~ i 'gﬁﬁ;]&&""""":: % ST traeas Ly yg.600 | 2188} ine
» 100.00 | 100.21 | 100.13 | 100.72 | 100.00

C e Tk S e

The Bog Ashes, 21, consist chiefly of sand a.nd soil (90 per
_ cent) but, with 2 per cent. of lime, 1 of magnesia, and one-half
~ per cent. or more each of potash, of phosphoric acid and of sul-
g Phuric acid, have considerable fertilizing value. .

B The Poat Ashes, 44, are almost completely destitute of plan.t-
food ; they contain but one-third per cent. of lime and phosphoric.
acid, and are practically worthless,

* By difference.
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The other analyses show that some peat-ashes are rich in car-
bonates of lime and magnesia, and sulphate of lime. Generally,
however, such richness in plant-food belongs only to the ashes
obtained from the burning of small undrained peat-basins, where
much leat mold has accumulated, or else to the result of firing
the surface of swamps that have carried a copious shrubby vege-

tation. The Guilford sample, with 31 per cent. of potash, was of

the kind last named.

Swamp Muck or Peat.

Three samples of this material, so abundant in Connecticut, have
been sent in for examination.

o
“ o g
o L]
8| 5§ |g=% 82 | | Locality.
8| 5 |»35| 42 | &
wm| B |0 Bl z
Swamp Muck, air-dried....__... 1 | 1157 |55.95 |32.48 | 1.65Westbrook.
The same, water-free.___.__. 63.27 |36.73 |1.87
Peat, newly dug, wet .__..._._____ 10 | 85.00 [13.17 | 1.83 | .30[{Ashford.
The same, water-free________ 87.80 |12.20 |2.00
Peat, dug one year ago, very moist| 11 | 71.17 | 26.66 | 2.17 | .41|Ashford.
The same, water-free________ 9247 | 7.53 |1.43

1 from the farm of H. P. Hoadley, Esq., at Westbrook, lies
close by the cattle yard and barns, and is easy to raise. It is con-
fidently recommended as an excellent material for litter in the sta-
bles, as well as to compost with white-fish and sea-weed. Not-
withstanding its large admixture with sand and soil (34 per cent.)
it is rich in nitrogen. The organic matter itself contains 2.95
per cent. of this element.

10 and 11 were sent by Mr. J. D. Gaylord, of Ashford, as of
interest to a number of farmers of that place. 10, just taken out
of the swamp, was fully saturated with water. 11 had been lying
in a heap for a year. The water had diminished by this long ex-
posure but 14 per cent., and while both samples contain a good
proportion of nitrogen in the dry substance, they are heavily bal-
lasted with water, and therefore will not bear expensive handling
or long transportation. Farmers who are considering the use of
swamp-muck would do well to figure the cost of its application
against that of plowing in green crops, such as buckwheat and
rye. The latter, under many circumstances, may prove the
cheaper amendment.
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Po'nol and Harbor Mud and Soil.

A sample of Pond Mud was sent by Mr. G. A. Penniman, of
North Woodstock, with regard to which the question was asked,
would its transportation to a neighboring farm to use as a fertilizer
and absorbent prove remunerative? A very full analysis was
undertaken with a view of obtaining data that might assist to
answer this question, and that would also contribute something
towards a knowledge of the composition of Connecticut soils.
The mud is simply the finer surface soil of the country whose wash

‘enters the pond, and its composition has a certain bearing upon

the value of the adjacent lands. For purposes of comparison the
analysis of this fresh water deposit is stategl by the side of that of
harbor mud already quoted. The composition of a sample of soil
from the farm of Smith Terrill, Esq., of Seymour, is also given.
This soil is stated to represent a considerable area of land in its
vicinity.

Lastly, the composition of a highly fertile and durable wheat
soil of Illinois is appended, made by Mr. M. A. Scovell, Chief
Chemical Assistant in the Illinois Industrial University, and com-
municated to me by Professors Morrow and Weber.

Poxp HarBoR BesT
Mup. Mup. SOIL. WHEAT

North |L. Whar, A

Wood- |N. Haven, Seymour. Sty
stock. 1860. ’, Tlinois.

L 8 H.M. | 38 W. S.
e 7000 | Priedat 4940 | Dried.
gtigtanic and Volatile Matters ... ___ 10.000 10.56 | 9.390 5.688
Sany N (.260) (.52) (-089) | undet
Sons ;«Pd'l'nsoluble ________________ 1M.024% | 97,21 | 80.591% | 89.471
" ‘ab BT .088 42 .094 .063
€S of Tron and Alumina____._:.| 4.470 7.36 4.830 3.575
B . .248 RE .522 .505
““EP R BT I RN g3 .189 .042
M‘““h __________________________ .24 i .028 .043
. .041 .80 .017 012
Pho, h‘;"}\md‘ ___________________ trace .96 .053 134
darlfn TR .066 .03 046 .232
= —21d Carbonic Acid ........ trace el o 235
B 100.00 ! 100.00 |100.000 |100.000

ofThe P'Ond mud is seen to have in most respects the composition
1A fertile goj),

It contains considerable mica, evident to the eye

* By difference.
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in the form of glistening scales. To this mineral it probably owes
its large proportion of magnesia (0.821 per cent.), and of potash
(0.242). To the leaf mold and decayed wood found in it, or
perhaps to animal matters, is due its large content of nitrogen
(0.260). Tt is not deficient in lime nor in phosphoric acid, but is
almost destitute of sulphates. It would, so far as can be judged
from the analysis, make an excellent top-dressing to most of the
lighter or coarser-textured soils of this State, but it would not
repay much handling or cartage to any considerable distance.

The Harbor mud is noticeable as having an amount of nitrogen
(0.59), equal to that of ordinary yard or stable manure. This is
in part due to the various minute animals with which this mate-
rial usually teems. With exception of phosphoric acid, the Har-
bor mud is uniformly rich in plant-food, and it forms an efficient
means of fertilizing shore lands, although it will not bear great
expense in application. The soil-analyses are given here solely
for the purpose of comparison. The Seymour soil contains but
one-third as much nitrogen as the pond deposite, and but one-
sixth as much as the harbor mud; of lime it contains a good sup-
ply, more than the prairie soil, but less than the harbor mud; its
magnesia is abundant, but less than that of either of the muds;
in potash it falls behind the mud; and yet the wheat soil contains
but one-third more of this element.

These analyses do not probably convey a just idea of the avail-
ability to crops of the plant-food present, however well they ex-
hibit the comparative amounts. In considering the soil-analyses
it must be remembered that the Seymour soil is coarse in texture
and is underlaid at a little depth by a compact yellow hard-pan,
while the wheat soil has a texture as excellent and a depth as
great as its productiveness is extraordinary. Drainage and deep
tillage would probably do more for 38 than any quantity of
manures.”™

Bone Manures.

Eight samples of bone dust or ground bone have been exam-
ined. The subjoined table gives the results of their chemical and
mechanical analysis.

# Since the above was written, Mr. Terrill informs me that the land is moist or
wet on account of its situation. In 1872 seven acres of it were top-dressed with
1,100 bushels of screenings of oyster shell lime. The land responds well to stable
manure. Recent crops, rye and timothy, have not done well, but the ox-eye daisy
(Zeucanthemum vulgare) has taken possession. Plainly, then, so far as these facts
represent the case, the soil needs drying and deepening. Further studies as to the
amount of clay, ete. in this soil are in progress. i

than

P

N

@~ (Coarser

ke
Estimated
Value.
Cost.

|

8 |12 | 17 | 36 | $31.40 $30.00
18 6 /L. | UL ] 46.30]" 38.00
4 6 | 7166 33.04 3500
6 9 | 10| 16 | 44.13| 25.00
4 6 | 3| 25| 33.54| 30.00
6 8 | 6|13 | 46.41| 30.00

jitE 18 | 16 | 18 | 38.85| 35.00
.. | 3486 ?

35
%
21| g
= = Finer than
=e e 9 g WK
8 s AR e T
S o iz | m.‘—“- m,},im.% in.
Ground Bone __| 14 |19.94 3.80| 28
Ground Bone __| 24 [24.10| 3.49 76
round Bone _.| 256 |22.60 3.48; 17
rge Bone..._| 27 |29.51 0.95| 59
r Cooper’s L
_____ 28 [19.04] 1.91| 62
ter Cooper’s
yround Bone __| 33 28.91| 1.65 67
ruble’s
_____ 34 [11.16]6.22| 37
nkings - ---- Al GRS TR T e o
___| 53 [13.68] 6.06] 42

17 14| 18| 4097 22.00

(he estimated value

s (see p. 18) in every case except 25, are
er than'the cost. Accordingly, the rates at which the nitro-
and phosphoric acid of this class of fertilizers have been
od may be lowered. The rates used in these valuations are
follows for the above articles. The sources whence the bone
nures were obtained are also specified below :

Station No.

217
28
33
.| 34
29

53

Estimated value per 1b. of Dealer. Sent by

"

13

Phos. Acid. | Nitrogen.

5 cents.

ittt 18
B € i 1h
Tt 18
7 18
bR T A8
i 454 18
.7 “ 18
i TR 18

15 cents. |G. M. Dean, . |Andrews’ Brothers,

Springfield, Ms.| Southington,
John 8. Wells, |S. F. West,

Hebron. Columbia.
|James Bird, Sec'y Farmers’ Club,
Naugatuck. Naugatuck.
Smith Terrill,
) Seymour.
' r Qooper: | \Smith Terrill,
T | | Seymour.
4 | |[Dennis Fenn,
Milford.

Wm. A. Carson, |Dennis Fenn,
New York City.| Milford.
Not in market. |Russell Coe,

Meriden.
Toby & Booth, |Burritt Eaton,
Chicago. Kent.

he estimated value of the fertilizing elements is proportioned
‘%0 the mechanical fineness of the article containing them. Bird’s

* Made by O'Neil & Co., Jersey City.
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ground bone is pure but very coarse; for that reason its value is
relatively less than that of the better ground brands. There is
reason to suppose that the designations “coarse” and fine”
applied to 27 and 28, as well as the selling prices, have by acci-
dent been exchanged. 27 is really finer and better than 28, and
should have the better price in market.

The “ Tankings” are a mixture of bone and other animal mat-
ters and connect bone manures with the blood and meat fertilizers,
which often contain some bone.

Taking together Lister’s and Cooper’s bone manures, we find
that their average cost is $30.75, their average content of nitro-
gen is 2.00 per cent., of phosphoric acid 25.4 per cent. Multiply-
ing these percentages respectively by 15 and 5 cents and the sum
of the products by 20, we have the final product $31.40. Accord-
ingly, the prices of 15 cents per pound for their nitrogen and 5
cents for their phosphoric acid, cover their cost in market. But
these brands are quite variable in composition, and for that

37

plood fertilizers, brought in by J. J. Webb, Ksq., even
aining one-fourth their weight of water, are ahead of
tion, With phosphoric acid rated at 7 cents and m‘trogen zft
. or pound. The average content of nitrogen in them is
oy I()3entp the average of phosphoric acid is 4.86 per cent.
7‘96 3 antit.i,es multipliéd by 15 cents and 5 cents, and then by
Thes? Zna produet of $32.40, ;0 that the market prices of nitrogen
;,z,dg;;;osphoric acid in blood may be reduced to 15 cents and 5
ively.

ce;ts ;(;ge:;i\ire, sent by Mr. Smith Terrill of Seymour, and
l;ér:ll shavings, sent by Mr. James Burr o.f“ Mom'(fe, we have
articles which, though containing m‘uch mo1.sture, give a valna?
tion nearly double the cost when nitrogen 18 rg.ted at 15 ceint&.
and phosphoric acid at 5 cents per pound. Their average Va 1ua\-
tion is $31.45 and average cost $16.00. In these two articles,
e nitrogen purchasable at nearly half the
in hair at 10 cents, aud in horn shavings at

- The
When ‘Ooﬂt

therefore, we hav
veceived rates, viz:

reason should sell lower than an article whose content of fer-
tilizing elements is steady and can presumably be judged of
without an analysis of every lot.

The Tankings, 29, were analyzed for a private party, and the
Station has no information as to source or cost.

7% cents per pound.

e Guanos.
chmr samples of fertilizers bearing this trade title have been
examined.

\

Sample 53 is stated to be procurable in Chicago for $13 per A 3|2 2 e
. . . D = 9 () + &
ton, and to cost some $9 for freight to this State. At that price 9 2|24 Ed |8 | 2| 58| ¥
4 f 7 4 0 T =T £3 9 Dealer,
the cost of the nitrogen would be about 104 cents and phosphoric 228 58128 |8 |5 | &% s
acid 3% cents per pound. The sample 53 contained but 5 per | mEE|TR

cent. of moisture. Most probably the material sent to fill an

_ “Sol'fibmi acific Guano”! Ol 5.18| 0.96| 6.12]1.63| 2.43| $32.96/ $45.00{J. T, Dickerman,
order would not be so dry, and might be so wet as to largely 2 L.

’ Mt. Carmel.
luble Pacific Guano”| 40| 6.05| 1.41| 5.35] 0.89 2.39| 33.92| 45.00{J. H. Dickerman,

diminish the valuation. T Mt, Carmel.
s Penm%xmo, Standard| 13| 5.47| 5.20| 4.99|4.21| 8.62| 58.22 53.50|C. L. Wlllfal‘(é,
Blood, Hair and Horn Manures. : Ftie s

Phoenix Guano________ | 20.11| ... 0.69\ 93 47| 35.00/Haven, Williams & Co.,

Four fertilizers of this class have been analyzed, viz: New London. . .

~ 9 was sampled by J. J. Webb, and 40 by J. H. Dickerman.
13 was sent by Andrews’ Brothers, Southington, and 51 by N. 5.
Dealer. Platt, Cheshire.
~ The analysis of 40 confirms the correctness of the analysis of
hich was the subject of a Station Bulletin issued Sept. 8th,
~In that Bulletin (see p. 25) it was shown that while the

Nitrogen.
Phosphorie
Acid.
Estimated
Value

| Station No.
Cost.

‘ Moisture.

Blood Fertilizer| 3 $30.00/Sperry & Barnes,

New Haven.
30.00/Strong, Barnes, Hart & Co.,

o
o
-3
Y
=t
=
b
)
o
w
=)
-3
w
=
-7
®

Blood Fertilizer| 31 | 8.13] 9.09

w
w
=)
>
—
=
=

: . ' Now Haron, ¢ Guano Co. guarantee the composition of the Pacific

Hair Manure .| 26 |24.61| 7.90|2.23| 25.93 12.00‘PeterN Coo%gr, which they manufacture, the guarantee is so made that
; ew York.

Horn Shavings | 42 | 22.33) 12.32|____| 36.96| 20.00 Staples & Davis,

Monroe.




| Cniald aanmesc Sy

38 '

the estimated value of the Pacific Guano may be as high as
$54.69, or as low as $31.75 per ton. The mean value would be
$43.17. 'They charge the mean value, or $45.00 for their fertil-
izer, but they furnish little niore than the minimum guaranteed
value, so that the purchasers of the lot represented by these
samples have paid $11.00 or $12.00 per ton for it more than the
same fertilizing elements in the same forms and condition can be
bought for in market.

The Pheenix Guano, 51, has been analyzed more completely than
appears from the above tabular statement.

Its detailed composi-
tion is as follows:

Phosphate of lime (tricalcic phosphate) - . ... 45.21
Uarbonate ot Hme S TETE NG R eyl i eaes 17.70
Sulphate of lime (gypsum) __._._____.__.___ 7.80
WWeatel expelled at't00° 007 Ll U BOE T i

Organic matters and combined water__.. ____ 11.30
Undetermined matters by difference 3.52

100.00
In the valuation its phosphoric acid has been reckoned at 5
cents and its nitrogen at 20 cents per 1b.

The “ Standard Peruvian Guano ” maintains its character in the
sample 13.

Flish Manwures.

It is well known that large quantities of Menhaden (Clupen
menhaden), also called by the names bony fish, pogie, moss bunker,
hard head and white fish, are taken during the warm season in
the waters of Long Island Sound and along the sea coast from
Maine to the Carolinas. From early times these fish have been
used by Indians and farmers on the coast as a fertilizer, applied
fresh to maize in or rather near the hill and also for making
composts.

Thirty years ago the Menhaden were also caught for the ex-
traction of the oil, of which they yield, by the process now com-
monly employed, from one-half gallon to fifteen gallons per 1,000
fish. From Virginia to Rhode Island the average is four gal-
lons, for the Maine coast it is seven gallons per 1,000. The pro-
cess formerly used for extraction was simply to throw the fish
into large tanks and allow them to decompose. The oil rose to the
surface of the putrid mass. The first attempts that I am aware of

to dry the fish and convert them into a portable and inoffensive
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i s Yonn.. as early as 1848. The
.9 ma%e'uf}eiiib ;I:‘hv: ni’.(JI(iI[t)rtjon, shoyw that in that
. Oti" d;i(:ad fish were examined in his laborato'ry,., In
}.85 Of « white fish dried for manure by Mr. Lewis, wafz
'19}([). Brewer to contain 8.53 per cent. water and 10.23
uitrogg;l‘l of Wallingford, achieved the first }?racfical
“D‘i direction in 1853. He discovered how the oil might
o he fresh fish in a few hours’ treatment, leav-
. 1"“3 . e:‘ gsorap” in such a condition of half-dryness
B s:;red or barreled and transported at once, oY
fu hef dried by exposure to the sun and convex:ted. byf
> % ﬁsh aano.” From that time the manu.factule. o
‘1!2_3‘ and ﬁsgh sorap or fish guano has g}(l)n(? gn 1;(;'25;51‘;%
he business is an important item in the indus gt
& 3. 88,200,000 Menhaden were taken on
.‘911121‘::,7 a,nd ,82,700,000 on the shores of L{)lr:)is Ij}agg.
elded 17,090 tons of serap and 601,100 ga 3

U. S. Menhaden Oil and Gua.no
for the Menhaden fisheries

1874, 1875. 1876. 1817.
64 56
64 60 :
ioved, . 2,438 2,633 2,758 2,63
employed, - - - - :

T 283 304 320 970
------------- : 46 63
25 29

"""" 492,878,000 563,327,000 512,450,000 587,3‘;%,3?
048, UerTner 1,535,885 1,998,
- perie A 92,000 2,426,589
Ellone of oil mads,  3:372,847 2,681,487 2,992, 496,
s of crude guano : ! i b
s 0,976 53,62 , ;
“ti{’ii%;’s’é?’ i '$2,530,000 §2.650.000 $2,750,000 $2,047,61

the season of 877, eight. factories. have not b.een f(1:.
and their capital is ot included in the statistics
o

i den
s and estimates in use among the Menha

«;neasurement

cturers are the following :

00 Ibs.) is reckoned the weight of 8,000 fish. o
of fish yield 1 ton (40 per cent.) of green scrap, P :
hm or crude guano.
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3 tons of fish yield 1 ton (33 per cent.) of half-dry scrap.

5 tons of fish yield 1 ton (20 per cent.) of dry scrap or guano.

The green scrap or crude guano contains 55 to 60 per cent. of
water. !

The half-dry scrap contains 40 to 50 per cent. of water.

The dry guano contains 10 to 20 per cent. of water.

The coarse ““half-dry scrap” and the « dry fish,” “dry ground
fish” or “fish guano,” are considerably used by farmers, but by
far the larger quantity of the scrap is made up into various
superphosphates, soluble Pacific guano and the like, by admixture
with ground Carolina rock phosphate, or bone black and oil of
vitriol, and often with potash salts, While the fertilizers thus
prepared are—the best of them—excellent as regards solubility and
promptness of action, as well as fineness of pulverization and con-
venience in use, there can be no doubt that the balf-dry fish serap
itself or the dry ground fish guano, is in many cases a cheaper
fertilizer than the superphosphates,

The amount of dry guano made in 1877 was 6,010 tons. The
quantity of guano held by the manufacturers, Jan. 9th, 1878, was
but 2,340 tons. At present writing (Jan. 1878), the prices of fish
are, for half-dry scrap (very scarce) $15 to $20 per ton, for dry
ground guano, delivered at railroad stations in bags, per single ton
$40, in lots of ten or more tons §35. Cargo lots bring $30 per
ton at works in bulk, unground.

Analyses of Fish Guano.

The following fifteen analyses of dry ground fish were chiefly
made for wholesale dealers, and mostly on samples representing
cargoes of considerable amount. The large transactions in this
material are based on the percentage of nitrogen it contains with-
out regard to the phosphoric acid. The analyses show the range
of variation in the moisture and nitrogen to which the “fish
guano” or “dry ground fish” is subject. The phosphoric acid in
the dry fish averages about 7 per cent.

The average amount of nitrogen obtained in fourteen samples
of Dry Fish at the Middletown Station, in 1875 and 1876, was -
7.80 per cent., the average moisture 11.78 per cent. The fish of
1877 appear to have yielded a richer scrap than in the previous

years; they were also poorer in oil, according to the reports of
the manufacturers,

41
g Nitrogen b
Station i . Nitrogen.|| in water-| Oil.
N, Moisture. Nitrog s
RS e 8.52 9.54
"""""" [ 8.21
"""""""" .35 8.81
« old 1876....| 16 | 16:69
i mevr 1877 ..l 36. | 23.96.| 0 130 9.59
“ i B 9.26
- SN a8 8.17
el 22 19.57 7.98 9.92
GRS s 43 | 9.03 | 804 || 883
SRR a0 DT 45 | 1138 8.51 9.60
T R 46 | 1074 8.43. 0.44
o AT Tl TR NS 0T 8.61 |8.94
(IO TG (R4l 0y - S e e 9.88 |17.30
T R 13.66 8.24 9.36 |8.12
g kB 1 497 | 1ons || 1132 |20
B i se ) men | oneine ) s
- e 41 | 1145 | 1024 || 11.56 |4.64
1|; -------

raction of the oil by the usual process oi: steaming and
ino the cooked fish to hydraulic pressure is by no means
" The Dry Fish Scrap still contains 7 to 15 per cent. of
 patented processes may be applied to effect a more per-
on of the oil from the scrap. One of these, the Ad-

d upon the unbroken fresh fish. The operation is said to

simple and effectual. The oil may be very completel.y
_and is of very superior quality. The residual scrap is
state admitting of easy drying. The drawback to this
nsists in the necessity for a costly new apparatus a'nd
nment of a good share of the app!iances now usefl.
ysés 36 and 39 of Fish prepared by this ryet.hod' show in
gain of 2} per cent. of nitrogen and a dlm.mutlon of .10
~water over the old process; at the same time the drier
ontains but 2 per cent. of oil. The other improved plan
2 is the invention of Hon. S. L. Geodale, of Saco, Me.,
;ectetary of the Board of Agriculture of that State. It
ed as a simple modification of the usual treatment and as
he analysis 41 gives a scrap which when equally dry is
h in nitrogen than that yielded by Adamson’s process,

.

ains but 4.6 per cent. of oil.
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Potash Salts.
Three analyses of commercial potash salts have been executed.

S d d18d]| =
AP
[Z 0 - =N = =] Sio ) 5
% % 8 %m ,@Q* g% ¥ Dealer
S| A 28|28 AT EF| 3
Muriate of Potash_-.| 197/51.9782.31 ____| ___.|$62.00$55.00 Southmayd & Gardiner,
: Middletown.
‘“ Sulphate of Potash”| 20 (42.31/21.87 30.16(35.27| 63.46, 65.00 Southmayd & Gardiner,
o | . Middletown.
Kannsiters e Dk ) A8V BA bt Ly TR, 1 S Not in market.

19 and 20 were sent by Hon. P. M. Augur, Secretary of the
Middlefield Farmers’ Club. 19 is a high grade (82 per cent.)
muriate of potash. 20 if judged simply by its content of potash
would pass for a high grade (78 per cent.) sulphate of potash. It
is in fact chiefly sulphate of potash, but is not what that name
commonly implies. There are two sulphates of potash, one of
these is the newtral sulphate, which is produced when sulphuric
acid and potash combine chemically in such proportions as to neu-
tralize the highly caustic and corrosive qualities which they sepa-
rately possess. This is sulphate of potash, properly speaking, and
is the salt which the farmer should expect to obtain when he buys
a fertilizer of this name. It has no acid or alkaline qualities, and
when properly used is harmless to vegetation. The other com-
pound is the acid sulphate or bisulphate of potash. It is in fact
a compound of neutral sulphate of potash with sulphuric acid,
and in it the acid properties of sulphuric acid are strongly mani-
fest. It has a sharp, sour, as well as bitter taste, is corrosive and
positively blighting and destructive to young vegetation with
which it comes in contact. The sample 20 yields to water 35 per
cent. of bisulphate, and this explains the fact that where it was
used, as a fertilizer, it acted as a poison to the crops, retarding
their growth and greatly diminishing the produce. Mr. Augur
writes as follows, regarding its action in his fields:

“The sulphate of potash was used last May on land naturally
moist, for potatoes principally, at the rate of nearly 200 lbs. per
acre, mixed with 250 lbs. dried blood, 250 1bs. finely-ground boune
dust, and 200 1bs. of gypsum. The mixture was applied in drills
opened with a broad sward plow, and was scattered very thinly in
the drills and somewhat over the general surface so that when the
application was made the whole ground looked white. The pota-
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ropped by hand and covered with a harrow. Where
was used the potatoes were a long time in coming up
_the rows, and for equal areas the crop was not more
ird as much as from five rows on the side of the field
otash was left out.”
ur’s planting of two kinds of squashes and six varie-
15 resulted in total failure where the sulphate was
s acid sulphate is furthermore objectionable because it
iperfectly pulverized and therefore does not admit of
niform distribution. It contains a large proportion of
which dissolve slowly in’ water, and would require
heir soiution and diffusion in the soil. If the substance
educed to the fineness of flour the ill-effects would have
ess noticeable, and might have been altogether obvia-
yplying the salt a week or two before planting, so as to
tributing effect of rain, or by mixture with an equal
ched ashes or other carbonate of lime and wetting the
By the acid sulphate is converted into neutral sulphate,
on of sulphate of lime.
s should always be taken in the use of saline fertilizers
eely soluble in water, to insure their perfect distribution
‘because even the harmless and nutritious salts, which
al to growth, have a retarding effect on vegetation unless
the plant in a state of great dilution. This acid sul-
ash has been used to sprinkle on stable floors and com-
or retaining ammonia. Its sale as a fertilizer, without
its corrosive qualities is a proceeding that will as cer-
e dealers as it does consumers, The valuation given in
’s October Bulletin was $67.68, and was based on the
value of 9 cents per pound for potash in the form of
e sulphate. The potash is equivalent to 78 per cent. of
’but in fact only 30 per cent. of sulphate is present, the
‘being muriate_and bisulphate, and it would be more
call its pota;ﬁ worth 74 cents, as in kainite. This
ke its valuation $63.46, as above given. Sold as sul-
wever, without notice of its real nature, it plainly is a
10t for valuation but for damages.
,;‘.Words as to the valuation of Potash in the Potash Salts.
valuation is based upon the estimate of 6 cts. per 1b. for
the form of high grade muriate. In fact, however, the
tash in it is but 54 cts. per Ib.
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The 28th of September last the Treasurer of the New Havey,
Chemical Co., who has for years imported large quantities of pot.
ash salts for manufacturing purposes, informed me that muriate
of potash containing 50 per cént. potash, costs to import in quanti-
ties of 50 to 100 tons, $1.50 to $1.55 gold, per 100 Ibs. He wrote,
“we sell it for 2% to 2§ cts. per pound in small quantities.” This
retail price equals 4 to 5 cts. per Ib. for potash, at New Haven,

In 20, considered as a high grade (78 per cent.) sulphate of
potash,—a more costly salt to produce than the muriate—potash
costs 74 cts. per Ib. The New Haven Chemical Company offered
September 28th a lower grade (56 per cent.) sulphate of potash
containing 30 per cent. potash at $2.00 per 100 lbs., which fur-

nishes potash partly in the form of sulphate, probably also to some
extent as muriate, at 6% cts. per Ib.

Pollard’s Carbonate of Potash.

One other Potash Fertilizer has been submitted to the Station
for analysis, by Hiram Camp, Esq., of New Haven. It was sup-
plied by H. M. Pollard, as Carbonate of Potash, to help make up
one of the formulae given on page 29, and was offered “at cost.”

This cost was $4.00 per 100 Ibs. The sample on analysis gave
the subjoined composition :

157517 1 OGN a s gm it N IO 1 1.76
Bodds:.r. ok du ol e el (5 TN i
L S o e 8 LN e e it 47.25
Carbonic acid, ....__. M g e R none
N SAA TR il 5 R0 ! RBAR AN

Water, with a little iron, lime, magnesia and
shlorinie,tl.s LIS BC s Ba RS b g gy
100.00

The above results of analysis jostify the following statement of
the mode of combination of the elements

Carbonate of potash,.. ._._.__.._..__._____ none
Bl phate’ of Povashy oL L LT e e,
MEIOhite OF ROOR ..ol Lo S i i e S Y
bisnlphate of soday el i a.) Lot SN 24.90
Ay e L o kil e e e 7.28
Water, with a little iron, magnesium, and cal-

siamy chloridesy, 2uss 1ty Sl sl di Wiisis {19780

100.00
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: bHonate of Potash” is thus seen to contain no ca}!;ngll-
il It is probably
5 t. of potash. P
ind and but 1.76 per cen . ¥
1;lkaini'ce (with 12 per cent. of potash) and “niter caélge; .
. ical, in the proportion of 15 of the fo_rmer' to1 sl
enllt yiélds to water 25 per cent. of corrosive bisulphate

Ground niter cake can be bought at 80 cts., and kainite

100 1bs. The real commercial value of the artlcloe
pe;ot more than 85 cts. per hundred, instead of ¥4.00,
fore s
paid for it.

! f l

J ’E“a“” l["lﬁ v ¢ SeEds :

m(abl()n 8 I“St)l uctions fO! SaIIlphng Seeds, are as fOllOWS
/

CUT AGRICULTURAL EXPERIMENT STATION, NEW
HAVEN, CONN.

Instructions for Sampling Seeds.

Aoricultural value of seeds intended for Fafm a&dw(i?rgig
i ed by examining a small average sample. S ghed
eg?seed is taken, the pure seeds are cu(liled o::‘c.i g:ntiﬁedg i
i i ar i
nd especially noxious seeds ¢ i ;
t;’atgspjre seed?s is tested by careful sprouting trials an
i up of the results. ; ¢ g
| ‘!t‘l;l:estigwo? g%rminating power requires some time for 1

ion, a report on samples sent 1n cannot be ordinarily ex-
i han two weeks. ! %
g:l(;frfisn;tion of grass-mixtures can only be langebrzikvsﬁich
cial cases. It requires a large outlay of time an

t often justified by the results. : i
Ogizigzs: samp]ye for examination the grealtest cafn:hgl(l)m
to have it represent accurately the whole amo

ken.
lgxwv::&%ogether with the hand and arm the contents of the

1) or packages of seed. »
, ak(ebﬁgtog?: ]:f s)ix sr‘zxall handfuls or cupfuls* fronft ‘Z;‘n:h‘?:
of the package, mix these together and take a par
e fi le. B o 3
ﬁeng)roz’hfhza?rl;a]ler seeds—red topédwlclllgc‘er eci‘lozsz, tfl(r)r:gﬂ(l{),
. of beets, turnips, T A by
Woo(f?)“glue:iesa’nd cereals, and of peas and other legumes,

ONNECTI

gent by jmail, or otherwise, prepaid, and

' 3 to
be plainly labeled and addressed
4 Coi/\r AGRICULTURAL EXPERIMENT STA'IION,‘
i New Haven, Conn.

the
‘small cup may be closed with the palm of the hand, forced down to
place, then filled and withdrawn.)
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Seeds sent in for Examination must be described on the sub.

 Eaplanations and Remarks.
joined Form.

\

i jiculture suffer more or less
ﬂi‘ag"c“lt]‘:: ?x?g holl‘tfl(i}: written in agricultural
Wmdby ToT z oats, barley, maize, clover, timothy
o 00}('1 ’but; two years, wheat and cole-seed
i remm:d gﬂax four years; and if these st,a‘tements
%%{::fyastiu express the fact that new seed is 'gr(l)od
obr. Commercial seeds are ofte'an m‘npure. ey
‘Etters like chaff and dirt, which are harmless
?;:e paid for at the same rate as pure siedl; ’El;hii
ain an admixture of old seeds, which hav B
at is worse, yield weak plants. T.hey may lcl:ont i
or varieties, as yellow clover (killed by eat %
ion) mixed with red clover. They may con :us
plants, or of weeds, in great variety a}ld po;son x
They may contain artificial imitations o see ¢
d or ground rock,* or finally they may contz:)r:] S?SL
I, but, as has happened in case of some grasses, o
flowers, not to be distinguished in appeax:n;:]e .
ne parts of Connecticut the seed of one and the s i
s vulgaris, is said to have been‘gathereq at an ela; 5;
ning and sold as “ Blue top” at $2.00, while at a late
ed “Red top,” that could be had for $1.00 per

THE CONNECTIOUT AGRICULTURAL EXPERIMENT STATION, Ny
HAVEN, CONN.

Form for Description of Sample.
Srarron No. RECD AT Sration,

Each sample of Séed sent for examination must b
by one of these forms, with the blanks below filled
legibly.

The filled out Form, if
label; but it must be ret
Station Records.

Send with each sample a s
Statement that accompanies t
Name or label of seed,
Name and address of Dealer from whose stock thi
Date of taking this Sample,

Selling price per pound or bushel,

Known or reputed age of seed,

Number of packages from which sample is taken,

Quantity of stock which the sample represents,

Was sample taken according to Station Instructions, or how ?

Signature and P. O. address of person taking and sending the
sample.

18
€ accompanied
out fully ang

sent with the sample, will serve as g
urned in good order. for filing in the

pecimen of any printed circular, or
he seed or is used in its sale.

s sample is taken,

The results of the examinations are entered in a suitable record
book, and are also reported to the parties sending,

on forms of
which the following is an example,

in identifying the foreign seeds that may be f()l‘;n(i- in
. ed, the Station is in possession of a seed collection
500 authenticated specimens of the seeds of the agri-
its and weeds of Central Europe, pr?parefl b.y P
the Botanical Institute at the Universgty of Kiel in
The Station is making additional collec.tlon.s of Amer.l-
and will thankfully receive any contributions of th.ls
s of weeds should be accompanied by the plant, in
‘rpdséible, to make their identification frefa from doubt. i

erminating power of seeds is tested in the f0110w1.ng
nner, which farmers can apply for themselves with

Report of Seed Test. ;
CoNNECTICUT AGRICULTURAL EXPRRIMENT Statron,

New Haven, Conn., Jan, 9, 1878.
Examination of Kentucky Blue Grass (Poa pratensis, 1.).
Sample No. 31. Received Nov. 28, 1878. From
smpurities, 7.59 per cent. by weight.
The foreign matter consists. chiefly of chaff. A few seeds of a
sedge ( Carex rosea, Schk.) are present,

This sample  Av. of previous

! contains examinations. rywhe btainable. Count out two hundred seeds, or
Pure Seed, per cent. by weight,. .. 92.4] 51.67 L : Ive to twenty-four
7 hundred. Soak in water for twe
Pure Seed, capable of germination, 3 i 1. The seeds are then spread
per cent. by number, ___. ____ 5. 11, Imtﬂ they cease to swell.

Time of germination, dage 20 el 13. 8. Hon is in possession of samples of five imitations of clover seed made
Perioentivale,. ... . ..o 0o idien 5.68 rock and dyed various colors, that were found in the German market.
1000 Seeds weigh (in grams) .. ... 0,174 0.148 it

manufactured at Prague and Hamburg, and offered *to the trade ? for

S. W. Jouxsox, Director. $3.50 per cwt.
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out on a common porous flower-pot saucer, three or four inches in
diameter, which has been just previously boiled in water to destroy
mould. Place this saucer in another saucer, porous or glazeq,
two inches wider. Pour water into the outer saucer, but not ag
high as the level of the seeds. and cover the whole either by g
second large saucer inverted or by an inverted flower-pot. Place
in a situation where the. temperature varies but little from 60° t,
70° Fahrenheit. Examine from time to time to maintain a con-
stant supply* of water in the lower saucer and to observe when
sprouting begins. Every twenty-four hours remove and count
the seedlings, until no more seeds show signs of life, recording
the dates and the number of seeds that germinate each day.
The points to be especially observed are to hold the seeds
uniformly within the limits of temperature above named, and to
keep them always moist and surrounded by moist air, but never
wet with visible liquid.

The sprouting of squash, pumpkin and melon seeds does not
succeed in the arrangement just described. They should be
placed in a large saucer and covered with clean sand moistened
with water, over which another saucer may be inverted.

The trials last ten to fifteen, or more days. When terminated,
one-third of the number of seeds which have not sprouted, but
remain sound and healthy in aspect, is added to the number of
those which have grown, and that sum, if one hundred seeds were
used, or half that sum when two hundred are taken, is the per
“cent. of pure seed capable of germination. ;

At the Station, two sprouting trials are always carried on
together, one in the earthen saucers, as above described, and
another in moist unsized paper. The average of the two trials,
which should not commonly differ more than five per cent. is the
result reported.

The time of germination is the time required for the larger part
of the seeds to sprout. Experience has shown that while in many
cases a few seeds sprout over a period of one week, or even of two
weeks, the large majority usually germinate within a space of
three or four days.

The “per cent. value” of a sample of seed is obtained by
multiplying its per cent. (by weight) of pure seed into the per
cent. (by number) capable of germination, and dividing by 100.
It refers the number of secds capable of germinating, from *pure
seed” back upon the sample itself, in terms of per cent.

N\
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the report of a sprouting trial may conveg a
B the quality of seed, unlless due regard is
i oy ent. value of the genuine seeds of com-
‘,ge I;‘?;e?is like wheat and the other common cereal
dsoa high, degree of purity and vitality. : Other
zsé of certain grasses, are only found in comd-
mixed with foreign matters, chaff and dirt a}t]l.
have but moderate vitality. Some data on this
‘ are given in the last columns of the‘tabular state-
of seed examinations, p. 50_‘ '1he§e data,d as
, of testing seeds in most of its de.xtalls, are ui
S of Dr. Friedrich Nobbe, Professor in the Roya
” f Agriculture and Forestry{ /and Director of the
tion at Tharand, whose admirable bo?k on se.eds
- Samenkunde) is full of mos'? valu.able information,
61&, upon every branch oi.' this subject. :
f 1,000 seeds is given (in grams for S?.lke of com-
weighings recorded in other countries) becaunse
vier seeds are the better.
as invented a special earthenware appara?us for
The funds of the Station being insufficient t.o
very moderate outlay for a few dozens of. this
arrangement of flower-pot saucers, before described,
and although less convenient, has s‘erved the pur-
well. This is shown by the following comparison
ned by use of the two kinds of instruments.

made with the common field and garden seeds, both
paratus and in unsized paper—

s sprouted in the apparatus.

B & 1" Cpaper. e

remained sound without sprouting in the apparatus.

: o« 43 o] E6€ 113 “ papel‘.

100 seeds which sprouted in paper, 101 sprouted in

—

§ out of 104.7 remained sound in the apparatus.

(1171:08.0 “ 0 “  paper.

ials made with similar kinds of seeds both in the saucer

ut, above described, and in paper—

Sprouted in the saucers.

Vg .0 paper 4N

Teémained sound without sprouting in saucers.
e 8 4 5 paper.
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Or for every 100 seeds which sprouted in paper, 99 sprouted i, -

saucers, 1y directed with
! Ao eyt . ire

10 seeds out of 103 remained sound in the saucers, it of: Bithtere’ I wasatally ttle food

10 jeksée At B U S S paper. est to the various substances employed as cattle 3

n has, therefore, provided for its winter work fromdﬂ.le
materials of this kind to be found o.n 01%1' farms &.m in
» Thanks to the laborious investlgatlons.carrled on
ﬁs-s in the Experiment Stations and University Labor?,-
E;rope, and especially of Germany, the sim}.)le ar.lalyil;s
cle of cattle food may be usefully employed in fixing its

This comparison shows that the results obtained with the appa.
ratus in use here are perfectly satisfactory and comparable with
those obtained by using N obbe’s apparatus, '

Results of Examinations of" Seeds,
: As determined

Eo_g- gg « | Time of Germination, Ir. Nobbe Y d nutritive value in the feedin g-ration, and also in decld.mg
S [R'F| =2 ® 3 ) N
i ' nuch the farmer can afford to pay for 1t, or at what price,
E 2=l ; mucl s : L
Nhms, Sttt =5 |55 8 Half A | Average per Averagy 9 xtent he can substitute i for other materials cus
=S routed. | sproute cent. of | vitality to what exte hat Mr. Armsb
o = R e pure Seed. | pure §oyq used. I am glad to be able to say that !1')'1. i
i e R U L iy : 3 Bk d in preparing for publication a
Lettuce, old,__|Prof. Johnson, 100 40.8 5 days.|I3 days.| 96.7 i to the Station, is engage iaR Eg g investiga-
Turnip, “ 100 56.5| 2 ¢ |13 « olume, in which the latest results of m0pea1rll- g
* Radish, « _ “ 100 18810 % [13° & gge 915 - : o the agriculturists of this country.
L gk Dep’t Agriculture, |100 98.3) 2 4| g « 2his ill be made avaﬂ.able . gth e results to advantage,
BT « 100 6.0/ 5 * 13 A 1T S edful, however, in order to use thes ; sy,
En’f o W k }88 ﬁ « 3 « 33'2 3‘2‘3 e have analyses of our own grasses, hay, grains, and in fa
arlayiiti el 61 s . . il % sonsi i
ot oo . 100 A L R0 740 our fodder materials, because, under considerable differences
R T L R B o s, o e el o he o
olony oo b 00 3 Soary L s or less
Gan:oti ...... i 96.2 ;1 a 11?1 bl osea 59.0 his State, or those consumed he;e, may dlﬁ:;.l‘ m(:];eme s
4 B R A i 87.6 . R e td e . 243 rom those o corresponding
Parutle % 1000 29.0 29010 « 17, « | 357 o ly in composition fro (2
Onion, ... s i s il (LB 1o Bavl h btained for
Tomato, __.... “ 100 3983 5« 110 « | gg'y | prg i . of which samples have been o
Celery, . . 7" o 100 1| 24714 ¢ gy w | grg | g0 87 feeding stuffs : p ,
Broccoli, ____. g 100 4 « 4 T S T ysis are as follows:
Cabbage, ______ 5 100 o 5 99.0 79.0 .
Cauliflower, _ « 100 “ “ | 998 | sgr0 7 samples of maize meal.
Rhubarb, ._____ £ 100 i 5 S S 4 “ €7 aob;
Oleray's i Lo “ 100 & ot i = .
Beet,’ _________ « 98.5 s DT 98.4 - 6 “« mailze fodde.r. :
RS “ 98.2 O e R RN A 5 « bran and middlings.
S Sk ¥ 99.24 S o e N ol .
ki F. S. Platt* L s i o 5o 1 sample of malt sprouts. T,
NG New Haven, 5 : 10 samples of hay. ;
Orchard Grass, £ 81.0 b g 47.6 22.0 5 —roots &
Red Top, ... .0 B. Veitoh & Son,* } 55.5 G 21.0 , % ; . d i
iR h ine have been completely analyzed and are reported in
- E. 8. Platt,* these, nine hav
Timothy, ...___ New Haven % 98.9 G iR 94.9 82.0 ¢ pages
sequent pages. .
Eng. Rye Grass 5 * 94.1 el 95.4 73.0 2 en taken to obtain representa-
Red Clover, __ # * 94.1 f# R 82.0 n selecting samples care has be fsoiliin tha St S0 muko
0 IC)ro%.) %f 1872, } § Buligse on of the various qualltles of hay, raised In ,f s
~7""|Prof. Brewer. i ol i . 3 : i i tages o
“ B it 2 R e R T Omparisons between maize fodder ;nfdlﬂ'er:ﬁt; ivesgt i gthat o;'
* 7 S ‘ : i i ize meal from
Ky. Blue Grass [y 5 i } $h6 BOLe i v lag « L sagnihien o _0 €xamine side by side ma bk e bt
! lome production, for the purpose of aiding
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repeated question—Which is the best and cheapest? The value
of maize cob has occasioned much discussion, and is a matter
which a few new analyses may probably put at rest. We already
have results indicating that the value attributed to maize-cob by
the German writers, based upon a single analysis, is much too
great, i

Among the articles -of fodder which it is hoped to examine
soon are Hungarian grass and Kohl rabi. The former has become
rather largely cultivated in the New England and Middle States.
The latter promises very favorably in some trials made near New
Haven by Mr. Webb. :
~ So little authentic information exists among most of our farmers
regarding the dess common fodder plants, that Mr. Jenkins has
undertaken to render into English and adapt to our circumstances
a small volume upon the subject of Fodder Plants and Grasses,
with the details of cultivation, curing and use, which I am certain
will prove a valuable addition to our agricultural literature.

In order to make our analyses of cattle feed directly useful, it
is needful to adduce some of the results of the prolonged study of
this subject made in other countries.

The following Table of the Composition, Content of Digestible
Nutritive Ingredients and Money Value, of a few of the most
important Feeding Stuffs, is taken from the German of Dr, Emil
Wolff, of the Agricultural Academy at Hohenheim, and repre-
sents the most recent and most trustworthy knowledge on these
subjects. *

The composition of feeding stuffs, as here stated, is the aver-
age result of the numerous analyses that have been made within
twenty-five years, mostly in the German Experiment Stations.

The quantities of digestible ingredients are partly derived from
actual feeding experiments and are partly the result of calculation
and comparison. -

The percentages of the three classes of digestible matters, viz: .

albuminoids, carbhydrates and fat, form the basis for calculating

the money-value of feeding stuffs. The values attached to them

by Dr. Wolff are the following, the German mark being con-

sidered as equal to 24 cents, and the kilogram equal to 2.2 1b. av.
1 1b. of digestible albuminoids is worth 4} cents.

1 “ [13 fat 13 4’%_ 13
e £ carbhydrates ¢ Nl ite

* From * Mentzel u. Lengerke's Kalender," for 1818,
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hese figures express the present relative money-values of the
tive food elements in the German markets. Whether or
hese values are absolutely those of our markets, they repre-
. presumably the relative values of these elements approxi-
ely, and we may provisionally employ them for the purpose
omparing together our feeding stuffs in respect to money
Jue. These money or market values are to a degree indepen-
of the feeding values. That is, if of two kinds of food, for
le Hungarian hay and malt sprouts, the one sums up a
e of $0.66 and the other a value of $1.31 per hundred, it does
follow that the latter is worth for all purposes of feeding
as much as the former, but it is meant that when both are
erly used, one is worth twice as much zoney as the other. In
rtilizers we estimate the nitrogen of ammonia salts at 24 cents
pound and soluble phosphoric acid at 123 cents, but this means
my y that these are equitable market prices for these articles,
that nitrogen is worth twice as much as soluble phosphoric
| for making crops. In the future more exact valuations may
obtained from an extensive review of the resources of our
ts, in connection with the results of analyses of the feed
d fodder consumed oa our farms.
The column headed “nutritive ratio” in the table gives the
ion of digestible albuminoids to digestible carbhydrates
ive of fat.* The albuminoids, which are represented in
1 food by the casein or curd of milk, the white of egg and
| meat, and in vegetable food by the gluten of wheat (wheat
, and other substances quite similar to milk-casein and egg-
in, have a different physiological significance from the carb-
tes, which are starch, the sugars and similarly constituted
ts. The albuminoids may easily be made over by the ani-
‘Into its own substance, i. e., into muscles, tendons and the
working tissues and membranes which are necessary parts

”51'8_, chemiéally speaking, of the same composition. The
drates, on the other hand, probably cannot serve at all for
g up the muscles and other parts of the growing animal,
Mot restore the waste and wear of those parts of mature
because they are of a very different nature. They con-
,nit}‘ogen, an element which enters into all the animal

that 1 part of fat equals 24 of carbhydrates,

e animal machine, because_they are the same kind of mate-.

% carbhydrates have, it is believed, the same nutritive function, and it.
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tissues (albuminoids) to the extent of some 15 per cent. of their
dry matter. i

The carbhydrates cannot restore the.worn out muscles or mem-
branes of the animal any more than. coal can be made to renew
the used up packing, bolts, valves, flues and gearing, of a steam-
engine. The albuminoids are to the ox or the man what brass
and iron are to the machine, the materials of construction and
repair.

The carbhydrates are, furthermore, exactly to the animal what
coal and fuel are to the steam-engine. Their consumption gen-
erates the power which runs the mechanism. Their burning
(oxidation) in the blood of animals produces the results of life
just as the combustion of coal in the fire-place of the steam-
engine produces the motion and power of that machine.

There is, however, this difference between the engine and the
animal. The former may be stopped for repairs, the latter may
run at a lower rate, but if it be stopped it cannot resume work.
Hence the repairs of the animal must go on simultaneously with
its waste. Therefore, the materials of which it is built must
admit of constant replacement, and the dust and shreds of its
wear and tear must admit of escape without impeding action.
The animal body is as if an engine were fed with coal and water
not only, but with iron, brass and all the materials for its repair,
and also is as if the engine consumed its own worn out parts,
voiding them as ashes or as gas and smoke. The albuminoids,
or blood- and tissue-formers, are thus consumed in the animal, as
well as the carbhydrates, or fuel proper. The fact that the albu-
minoids admit of consumption implies that when the carbhydrates
or proper fuel are insufficient, they, the albuminoids, may them-
selves serve as fuel. Such is the case, in fact. But, nevertheless,

the two classes of substances have distinet offices in animal nutri-

\'mon, and experience has demonstrated what science predicted,
viz: that for each special case of animal nutrition a special ratio
of digestible albuminoids to digestible carbhydrates is the best
and most economical, and, within certain limits, is necessary.
This proportion we designate as the nutritive ratio, and these
explanations make its significance evident.

To allow of directly comparing the money-value of feeding
stuffs with some universally accepted standard, the last column
gives a comparison with good average meadow hay taken as 1.

Webb, 1874,

ion, Digesti
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bility and Money Value of Feeding Stufs as given by Dr.
Wolfi* for Germany for 1878.
Digestible Money
2 matters. g value.

2 0 -

g 2 o | 2 S lu |2k
1425|2288z |28E3
s |4 |82 |2 |= |8 2w e L 2 Il
i g g §|2|™ |E|s8|1g°%

= S B 5 |27 |gE4

i 3|38 “ £

.0| 7.5/33.5/38.2| 1.5 3.4]/34.9| 0.5/10.6|0.48; 0.74

%ig 2.4 9.2/ 29.2| 39.7| 2.0| 4.6/36.4| 0.6 8.3/0.55| 0.86
14.3| 6.2| 9.7/ 26.3/41.4| 2.5| b5.4|41.0{ 1.0| 8.0/0.64| 1.00
15.0/ 7.0/11.7|21.9|41.6| 2.8| 7.4|41.7| 1.3| 6.1|0.74| 1.17
16.0| 7.7(13.5/19.3|40.4| 3.0| 9.9|42.8] 1.5| 5.1{0.84| 1.32
16.0| 5.3|12.3| 26.0/38.2| 2.2| 70|38.1| 1.2| 5.9/0.69| 1.08
: 16.5| 7.0115.3] 22.2| 35.8] 3.2110.7|37.6] 2.1] 4.0!088 1.3?
3| 4.5| 9.7]22.7| 45.8| 3.0| 5.8{43.4| 1.4 8.1/0.69| 1.09
13.4| 5.7/10.8|29.4|38.5| 2.2| 6.1/41.0{ 0.9| 7.1/0.66| 1.04
14.3| 4.1| 3.0/44.0/33.3| 1.3| 0.8/36.5| 0.4]46.9/0.35| 0.55
14.3| 4.0/ 4.0/ 39.5]36.2| 2.0| 1.4/40.1] 0.7(29.9 0.443- 0.69
78.2| 2.2| 4.5| 4.0/10.1] 1.0{ 3.4]/10.9| 0.6| 3.6{0.27| 0.42
1| 3.4/ 10.1{13.4| 1.0| 1.9/14.2| 0.5| 8.1|0.22| .36

45.0| 10| v 41| 1.6 03 01| 14 o2 103 10| 16
86.0| 0.8/ 0.8 4.8/ 7.3 0.3| 0.6 8.3| 0.2|14.4] .11} .17
2| 4.4|25.0|37.9| 1.3| 3.2{43.4| 1.0|14.4| 57| .91

3;3 ‘ég 21| 1.120.7| 0.2| 2.1|21.8/ 0.2(10.6] .29 .46‘
«8.0| 0.8/ 1.1| 0.9] 9.1 0.1] 1.1j10.0] 0.1| 9.3| .14 .?2
87.0, 1.0/ 1.3| 1.1} 9.5 0.1 1.3{10.6} 0.L| 8.3| .15 .24
81.5! 0.7/ 1.0l 1.3/15.4{ 0.1 1.0{16.7| 0.1{17.0] .19 .§0
14.4| 1.5{10.0| 5.5{62.1| 6.5 8.4|60.6/ 4.8/ 8.6/1.10| 1.73
12,9/ 1.2| 8.7 1.8/71.9| 3.5| 7.3/68.3] 2.6/10.2|1.04 1.69
14 3| 2.7/12.0{ 9.3/55.7| 6.0 9.0/18.3] 4.7| 6.1] .97| 1.53
10.1] 7.2|24.3/14.3|42.1| 2.1]19.4/45.0{ 1.7| 25|1.31| 2.06
12.9| 6.6]15.0{10.1/52.2) 3.2|12.6 42.6; 2.6] 3.9|1.04 1.633
13.1] 5.4|14.0| 8.7|55.0{ 3.8/ 11.8| 44.3| 3.0| 4.4|1.03| 1.62
11.5| 3.0{13.9| 4.8/63.5| 3.3/10.8/54.0/ 2.9] 5.7|1.07| 1.68
11.2| '7.6|38.8/ 9.2/19.5|13.7| 31.0| 18.3] 12.3| 1.6| 2.05| 3.22
Jozo2| 4.6]57.6(_.._| 41| 0.2]2.67 4.17

Ta s sl sirlaed) | 63| oa|2os 556
12.0| 4.1180.8/_.__| 2.6| 0.5/54.1] 2.6/ 0.5|....|2.39| 3:76
92.6/ 0.7] 1.0{._._|b.1| 0.6} 1.0/~5.1| 0.6 6.6 .11| .18
8%.6! 07l 3.2/_...1 5.0/ 3.6/ 3.2| .5.0] 3.6/ 44| .34 .53

AR

Analyses of Feeding Stuffs.
analyses that follow were made by the methods and: are
In the manner adopted in the European experiment stations.
g the analyses the average composition of the same arti-
31ven by Dr. Wolff, is quoted for comparison, headed W,

* Except those in italics.
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Malt Sprouts.

Station No. I. From Wm. Hull & Sons, New Haven, cost
$12.00 per ton, Oct. 31st, 1877. Erice variable, from 9 to 25 cents
per bushel of 15 pounds. Sampled by James J. Webb.

" Nutritive Matters
(digestible substance.)
13 W. L W.
i R P L PR NN WA S b A 11.565 10.1 Lamle e
BIEINC o T e A R L e 6.68 7.2 & R D
Albuminoids ._.__._ S 25.91 24.3 20.8 194
T R Tl Al T RO 9.30 14.3
CarliHvdratog s St e BRL J Rl Ll 45.47 42.1 } 43.1 i
g a0 SR - P gl S AN TR i 1.09 2.1 0.9 Y
Nutritive ratio wo i uesiogll iy 1:2.2 1:2.5
Selling price. ... ... .. e i $0.60
Qaleulated value *_ i Lo lZi0d _se il $1.33 $1.31
Maize Meal.
II. hug V. w.
W ater Sl ony L Vo 12.91 20.67 21.67 144
b S AR TR 151% 1.17 1.16 1.5
* Albuminoids -___ ... __ 8.69 7.81 7.38 10.0
Bibews i e sl 1,79 0.93 1.41 5.5
Carbhydrates....___.___ 193 66.35 65.88 62.1
1T TG T e R N e 3.51 3.0 2.50 6.5
100.00 100.00 100.00 100.0
Selling price per 100 lbs. $1.30 $1.40 $1.40
Calculated value, accord-
ing to Wolff. _’ _______ 2- $1.04 $0.93 $0.91 $1.10

The experiments hitherto made on the digestibility of maize
show that 84 per cent. of its albuminoids, 37 per cent. of its fiber,
76 per cent. of its fat, and 94 per cent. of its carbhydrates are di-
gested. Calculated on this basis, the nuiritive matters and nutri-
tive ratio of the several samples analyzed are as follows, per cent.

1L II11. ' IV. w.
Albuminoids. ... ___._. 7.8 6.5 6.2 8.4
Riher ol Ot 0.7 0.4 0.5 60.6
Carbhydrates .._.._.._. 67.6 62.4 61.9 )
Bt oo Wit ey o 4 2.6 2.3 1.9 4.8
Nutritive ratio __._____ 1:10.2 1:10.5 1:10.8 1:8.6

* Value in money, according to Dr. Wolff’'s estimates for the average German
glarket for the autumn of 1867, here adduced for purposes of comparison.
ee p. 52. &
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| by J. J. Webb, from store of D. B. Crittenden,
Oect. 31st.

gent by T. 8. Gold, West Cornwall, Nov. 27th;
home-grown yellow flint, IV, from old (?) western

III and IV contain some 8 per cent. more water than
ter cost is probably due to difference of freight.

Entire Maize.

rison the composition of four kinds of New England
und by Dr. Atwater,* and of a variety raised near
th Carolina, is here given: A, FKarly Dutton, 12-
s rather small. B, Common Yellow, or Canada
ed, large ears and kernels. C, King Phillip, or Rhode
1, brown-red, 8-rowed, large. D, Stowell's Evergreen
12 and 16-rowed, short, thick ears. E, Southern
e, 16-rowed.

A. By C. D. E.
g 8.08 10.52 ¢ 9.79 10.86 11.56
3e 1.52 1.31 1.60 1.89 1.47
= 9.62 9.712 11.87 11.10 10.58
2.52 2.40 2,21 2.63 2.67
ol f2.62 71.63 70.08 65.86 69.63
. 5.64 4.42 4.45 7.66 4.09
100.00 100.00 100.00 100.00 100.00

ated digestibility, etc., is as follows:

A. B. ¢ D. .
8.08 8.16 9.97 9.32 8.88
69.19 68.22 66.69 62.87 66.44
4.29 3.31 3.36 5.82 3.11
- T S TR 1:9.4 1:1.5 1:8.3 1:8.3
occ.l . $116 ®1.11 $1.18 $1.22 1.12

e figures show that our maize is quite variable in com-
Its nutritive ratio ranges from 1:9.9 to 1:7.5. King
eet Corn and Southern White yield the most albumin-
Corn the most fat and the least carbhydrates. The
hounts of water of the several samples must be con-
Comparing their estimated values. The nutritive ratios
dent of their state of moisture.

* American Journal of ‘Science, Nov., 1869.
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Commercial Corn Meal ‘inferior to Entire Corn. . : 1 ;
1 ; Sie actual nutritive matters on the basis furnished

For a strict comparison of the composition of meal and corn
the analyses must be calculated upon water-free substance. 'Thig
reduction gives the subjoined percentages.

t. of the fiber, 70 per cent. of the fat, and 76 per
hydrates are digested, we have the following per

Maize Meal. Entire Maize.
11 IIL IV. A. B. C. D. E. |
P W SR AR G Bn Bl VT | W. | W 'VIII_'
Yl e e 134| 148 148 1.66| 146/ 171 212 Les ! Wk R w.
Albuminoids -...--- 9.97| 9.85| 9.42| 10.46| 10.86| 13.16| 12.45| 11.96 | Coarse| Coarse Coarse| Fine | Fine | 4. ...
Bibop L il et ass 2.06| 1.17| 1.80| 2.74| 2.68| 2.45 2.95| 3.02 Bran. | Bran. ‘ Bran, [Bran, Bran,| Middlings. | Middlings.
Carbhydrates - ... 82.60| 83.63| 84.11| 78.98| 80.06| 77.69| 173.89| 78.72 |
S A L 403| 387 319 6.16] 494 493 859 464 1019 | 11.34 | 12.60 [11.76/11.66/ 11.94 g
- [ 270 | 2.65 | 2.93 | 2.52) 2.31| 1.5 :
100.00/ 100.00| 100.00' 100.00( 100.00! 100.00| 100.00/100.00 44,35 |42.48 |30.68 418 4475 47.80 4§'§§
. 915 | 235 | 2.24 | 2.66) 2.26| 2.46 2.31
It is probable that analyses IIL. and B. represent the same 1:5 | 1:45 | 1:3.9 | 1:144|1:4.5|  1:46 147

variety of corn. The difference that is observed between them is
also found between all the samples of meal on the one hand and
all those of entire corn on the other. The meal contains, on the
average, one per cent. less fiber, two per cent. less albuminoids, and
nearly two and a half per cent. less fat than the unground maize.
This would suggest that the meal has possibly undergone a sifting
process that would remove the hulls, which are relatively richin fiber
and albuminoids, and the chits which contain most of the oil, and
are also rich in albuminoids.

In no other way is it probable that these differences can arise.
The methods of analysis were the same in all cases, and it is
quite unlikely that differences of variety or of season should give
such diversity of composition. The result is a sifted meal” (?)

Wheat Feed,” from white wheat, D. B. Critten-
.
Wheat Feed,” from red wheat, D. B. Crittenden,

Wheat Bran, sent by T. S. Gold, West Cornwall.
e e(?d,” ground bran, D. B. Crittenden.
at Middlings, D. B. Crittenden.
II, VIII and IX, were brought in by J. J. Webb,

of three samples of Western bran (shorts) and two
ﬂy._Prof. Storer.(Bussey Bulletin, p. 27, 1874,) give
averages, to which are prefixed an average of the
ses of bran.

whose nutritive ratio is 1:104, whereas the entire corn has, on the » i
average, the narrower and richer ratio 1:8.7, and is worth as i e agn Bussey Institution.
cattle food an average of twenty cents per hundred more than the Bran. B Middlings,
meal. g
. . Ao
Wheat Bran and Middlings. 591 li'gg lg-fi
13.28 11.98 10.60
v. | ve | v | w |w v X W. 8.41 829 g
58.01 58.56 67.00
Coarse |Coarse Coarse Coarse | Fine | Fine | yr: 34 TR - 3.24 i 5
Bran. | Bran. | Bran, | Bran. |Bran.|Bran. Middlings. | Middlings. | 434 .11
Water ___._. 10.87 |11.14 1212 | 12.9 |13.1 [10.47| 10.56 115 AL 10000 | 100,00
1600 | B Biase i 159 %:;n’ VIIL, and middlings, IX, are worth bus
Fiber.______ 756 | 9.31 | 819 | 101 | 8| 798 535 | 48 an the coarse brans. It is not probabl i
g:‘;bhydmtes 52-33 53%515 53'32 523 52-2 52'23 Gg-gg Gz-g S them sensibly more digestiblz in 331: ::;Z::_e"‘
-------- . 3. 3.36 4 3.2t / : ‘ e
| | SRR : PParatus of ruminatin i i
Selling price, are not a iabl £anmmnl, th.an 2 the. ons
per 100 1bs.| $1.06 $1.00 |§1.00 $1.20  $1.60 . ppreciably more soluble in the acids and
alul ated .| 1.02 | 0.96 | 1.01 [§1.04 |$1.04F 1.031/ 1.07 $1.07 Separating their fiber.
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Teeding Standards.

A.—PER DAY AND PER 1,000 lbs. Live WEIGHT.

b Nutritive (di- f o .
& s |gestible) sub-i = | g
@ =4 ]
g9 staﬂg%. ‘E o =
-~ Y =1 o
SE [Buleg| |25 £
" ~ £% 25£:| 5 |88 | &
S i RN P & =
Tbs. | 1bs, | 1bs. | 1bs. | 1bs. e
T.cOxen alirest'in ghally L 2ESvIERE: oG 1756 | 0.7] 8.00.15 8.85|1:12.
2. Wool sheep, coarser breeds, __.._.___ 20.0 | 1.210.3 [0.20| 11.70 [1:9.
e t6 5 ineribeads ) 7 4 LIS 225 | 1.5(11.4,0.25 | 13.15[1: 8.
3. Oxen moderately worked, ..__________ 24.0 | 1.6 11.3 [0.30 | 13.20 | 1: 7.5
“  heavily worked, ____._._.______. 26.0 | 2.4/13.2 [0.50 | 16.10 |1 : 6.
4. Horses moderately worked, _.________ 225 | 1.8 11.2/0.60 13.60|1: 7.
i iheavily worked, o 20000 e 25.5 | 2.8(13.4(0.80| 17.00 |1:5.5
0 Mitle cowras kg e i L L) 24.0 | 2.5/12.5 ([0.40 | 15.40 |1:5.4
6. Fattening oxen, 1st period, ... ._______ 27.0 | 2.515.0(0.50 | 18.00|1:6.5
A BN, F LS o Ll s 44 1 S 26.0 | 3.0,14.8(0.70| 18.50 |1 :5.5
- A e D N e 25.0 | 2.7{14.810.60 | 18.10|1: 6.0
. Fattening sheep, 1st period, . __.___.__ 26.0 | 3.0(15.2(0.50 | 18.70|1:5.5
& e SN i B T 25.0 | 3.514.4/0.60 | 18.50 | 1:4.5
| S —
8. Fattening swine, 1st period, __________ 36.0 | 5.0 27.5 32.60(1:5.5
o e 0 R S A AR O 31.0 | 40(. 240 28.00 | 1: 6.0
i g IR T R S -1 23,6 | 2.7 17.5 20.20|1:6.5
9. Growing cattle:
Average live weight
Age, months. per head.
2— 150 Ibs > ... 220 | 4.0(13.8( 2.0 19.8 [1:4.7
3—6 BONTECT L S 234 | 3.2(135( 1.0 17.7 {1:5.0
6—12 GO0 Dol 24.0 | 2.5|13.5| 0.6| 16.6 [1:86.0
12—18 OO s 24.0 | 2.0/13.0| 0.4| 154 |1:%7.0
18—24 QOO gy, 24.0 [ 1.6/12.0| 0.3| 13.9 |1:8.0
10. Growing sheep:
5—6 8 dbacue & o 0 28.0 | 3.215.6| 0.8| 19.6 |1:5.5
6—8 Ty 26.0 | 2.7(13.3| 0.6] 16.6 |1:5.5
8—11 RATASEOU T S 23.0 | 2.1{114| 05| 14.0 |1:6.0
11—15 BRI 225 | 1.7(10.9| 0.4 13.0 {1:17.0
15—20 oL L S AR 22,0 | 1.4(104| 0.3| 121 [1:80
11. Growing fat pigs: R
2-3 athay el oh i 42.0 | 1.5 30.0 375 |1:4.0
3—>H FRORHE e o 340 | 5.0 25.0 30.0 |1:5.0
5—6 1 oA LA A e 315 | 43 23.1 28.0 |1:5.5
6—8 A g e L 27.0. | 34 20.4 23.8 |1:6.0
8—12 2 R T AN e 21.0. | 2.5 16.2 18,74 1.5 6.5

In the accompanying tables from Dr, Wolff are stated the quan-
tities and proportions of the digestible food elements which, accord-
ing to the extensive experience of the German Experiment Stations,
are to be given in the daily rations of farm animals, in order to
secure the best results of feeding, By “total organic substance”

* The German pound is equal to 1.4 1b. avoirdupois. The above weights are
therefore to be increased % to represent our weights. For practical purposes,

however, this reduction will be in most cases unnecessary as the weights are
relative and approximate, 5
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he organic matter of feed considered. free from water
The difference between total organic sub.sta.nce fmd
tive substance” expresses the quantity of indigestible
od matters of the ration,

We are told that animals

ount of nutritive matters being kept up to the figures
; but when by the use of the more highly nitrogenous
affs, such as brewer’s grains, beans, peas, cotton seed
‘meat or fish scrap, the nutritive ratio can be brougpt
subjoined standards, the results will be the most satis-

(Feeding Standards, continued from page 60.)
B.—PER DAY AND PER /HEAD.

onthe. D

300
500
700
850

150 lbs

“

Average live weight
er head.

Nutritive (di- = 5
2 gestible) sub- PR =
= .
s 9 substances. £ g >
g5 55| 2
=2Ealibe | | 2R E
SEEE| €| £ |3 | B
H |3A 8 = iz
1bs. | Ibs, | 1bs. 1bs. 1bs.
3.3 (0.6 2.1 0.30 | 3.00 |[1:4.7
] O | 0.30 | 540 [1:5.0
12013 | 6.8 0.30 ; 840 [1:6.0
16,8 1.4 1 9.1 0.28 [10.78 11:%.0
20414 110.3 0.26 |11.96 |1:8.0
1.6 0.18] 0.87 | 0.045| 1.095|1:5.5
1.710.17f 0.85 | 0.040| 1.060|1:5.5
1.710.16/ 0.85 | 0.037| 1.047 [1:6.0
1.8/0.14| 0.89 | 0.032| 1.062|1:17.0
1.9|0.12f 0.88 | 0.025| 1.047 |1:8.0
A LI T - e 1)
2.110.38 1.50 1.88 11:4.0
3.4 0.50 2.50 3.00 [1:5.0
3.9]0.54 2.96 350 11:5.6
4.6 | 0.58 3.41 4.05 [1:6.0
5.210.62 4.05 4.67 |1:8.5

‘Pasturage, or young clover, of which 30 lbs. are on
> daily consumed per 1,000 Ibs, of live weight of
.?)Teeds. 30 lbs. of young eclover or best clover hay

| Digestible.
&nb§tﬂﬂ06 Albuminoids.  Carbhydrates. Fat.
3.21 11.28 0.63
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Experiment in the stall shows that the same result can be haq
with the best meadow hay, obtained from rich ground and cut
young, in which 30 lbs. contain

i Digestible.
Organic Substance. Albuminoids.  Carbhydrates. Fat.
23.2 2.49 12,75 0.42
Feeding Standard, 24 2.5 12.5 0.4

or almost exactly the quantities of the feeding standard, and
0.7 1b. less of albuminoids than in the clover.

In the winter keep of cows the hay at disposal is usually of
only average or even of inferior quality and not capable alone of
suitably nourishing milk cows. It is therefore necessary to add
something to it in order to get a proper feed. Where hay com-
mands a high cash priee, it is often cheaper to use straw, chafl’ or
maize fodder in combination with richer maize meal, bran,
brewer’s grains, cotton seed meal, ete., than to feed hay alone. By
help of the tables we can calculate the kind and quantities of
these various feeding stuffs which may compose a ration that shall
take the place of clover hay and correspond to the feeding standard.
Suppose there is on hand and at the daily disposal of the cows,
for each 1,000 lbs. of live weight, 12 lbs. of meadow hay of
average quality, 6 1bs. of oat straw and 20 Ibs. mangolds, while
925 lbs. brewer’s grains daily can be cheaply got. By use of the
tables it is easy to calculate that all these materials together will
give a ration coming short of the standard by half a pound of
albuminoids, while by adding to it 2 Ibs. of cotton seed meal, the
requirements of the ration are fully met, as shown by the follow-
ing figures.

Ration for Milk Cows.

Dry Organic Digestible.
Matter. | Albuminoids.|Carbhydrates.| Fat.
12 Ibs. average meadow hay, 9.5 0.65 4.92 0.12
6 1bs. oat Straw, .- o cecmaan 4.9 0.08 2.40 0.04
20 lbs. mangolds, ... .- 2.2 0.22 2.00 0.02
25 1bs. brewer's grains, ... __ 5.6 0.98 2.70 0.20
2 Ibs. cotton seed meal, .._. 1.6 0.62 0.36 0.24
23.8 2.556 12.38 0.62
Stanfapdy . Ll s, 24 2.6 12.5 0.4

I have calculated the following rations as examples of such
combinations as may be made from materials in our markets. In
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_ation, bulky corn fodder such as rai§ed byy Mr. WZ)b in
n 1874, and analyzed by Mr. Jenkins (Country .entle-
77 p- T11), is a large ingredient. Ir.l the others ordma}ry
ks or ¢ stover » enters or may enter mtei"c.han geablyi with
w. since according to Wolff their nu&tnuve value is the
m;d for pound. The use of these rations must of course

upon whether the animals can be got to relish and

g 1 have not made any

o well as upon their cost. .
4 rthie(l)l:;sa:s to the latl,)ter point, but it is easy to do so with a
‘ dge of the cost of the several matenalls used. Actqal
e alone can determine whether cattle w11l. eat these mix-
The fish serap is not recommende(.l for milk cows l}nless
ould show that it communi/cates no 11.1 flavor to the milk.

Rations for Milk Cows.

2 Digestible.
Dry Organic
Substance. | Albuminoids. | Carbhydrates.| Fat.
0.20
ured corn fodder, . - - - 1847 ggi Eigg 0.00
b v 116 9.70 0.10
alt sprouts, 1, ------ X :
o, 1.6 0.62 0.36 0.24
4 2.46 13.56 0.56
ii‘ 2.5 12.5 0.4

L]
e R g e s Tt

Digestible.
Dry Organic g
Substance. | Albuminoids.|Carbhydrates.| Fat.
5.47 0.06
rye straw, ..-------- 12.2 0.12 1A b
maize meal, IT, ------ 5.2 0.43 b e
ewer's grains, - - - --- 5.6 05;2 ¥ Lo
Goodale’s fish scrap, - - 1.4 a i
24.4 2.68 12.217 0.49
Dry Organic Digestible.
Substance: | Albuminoids|Carbhydrates.| Fat.
(N o el LA Rl e
BIOVOL, ~iimncmme == 12.1 0.16 5.55 0.0‘;
il 0.59 2.21 0.1
o g 2.25 0.08
malt sprouts, I, .--- 4.1 0.97 o DA%
8. maize meal, IT, ....--- 2.5 0.22 % e
8. cotton seed meal, ... 1.6 0.62 g Wit
s il L
24.4 2.56 12.42 0.568
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In giving the foregoing tables of the composition and digesti.
bility of cattle foods, &c., the writer does not ignore the fact that
other systems of feeding are followed, and that many good far.
mers are content with a practice which apparently cannot he
reconciled with these standards. The German experimenters do
not themselves imagine that they have by any means overcome
the difficulties of the subject. Their results are simply the best
they can offer after twenty-five years of arduous labor, after
making thousands of analyses and hundreds of laborious feeding
trials. They believe that they are using the right methods, but
admit that many further experiments must be undertaken before
the investigation can be closed. In fact they are experimenting
to-day more industriously than ever, with the object to test and
sift the theories which their past experience has led them to adopt,
and to gain a nearer approach to the true science and best practice
of cattle feeding. It is to be anticipated that their views will
materially change as further knowledge is gained.

The German system is based upon the idea that underlies the
general practice of all Europe and of this country, viz: that coarse
and bulky fodder is the natural and to a great extent the neces-
sary food of ruminating animals, but that certain proportions of
concentrated food may be advantageously uSed to remedy the
defects of exclusive coarse fodder.

Eaclusive Corn Meal feeding.

The plan of winter feeding adopted by Mr. Linus W. Miller, of
Stockton, N. Y., stands in great contrast to the usual system.
Mr. Miller states that for six different seasons he has fed maize

meal exclusively to his dairy herd of dry mature animals for a

greater or less length of time, and he says that three quarts of yellow
maize meal, ground fine and fed in accordance with his rules,* is
fully the equivalent of twenty pounds of the best hay as ordinarily
fed, and that, if necessary, hay may be entirely dispensed with in
Wmtermg dry-stock or sheep. [le states that one bushel of Indian
corn ground aud tolled and yielding thirty-six quarts of meal
weighing about fifty pounds, will last an ordinary sized cow of
900 pounds weight twelve days, and is equal to 240 pounds of hay.
Corn at sixty cents per bushel is the equivalent of hay at $5
per ton of 2,000 pounds, and when it can be had at that rate,

% Given in his pamphlet on “ Meal Feeding and Animal Digestion.”
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tering an animal weighing 900 pounds will range from
sording to the coldness and length of the foddering
, system of Mr. Miller has been the subject of much
: m,d ridicule, but several cattle keepers report success
hod, and as nobody has given details of adverse
his statements deserve to be carefully considered.
of three quarts of maize meal weighs not more than
fifth pounds, and assuming a perfect digestion, yields
antities of food elements given below, and compared

15.75 3.86
7.8 S
0.63 0.40

@7.20 3.15
0.14 0.24

trast is extraordinary. We have: 1st, the entire or
ire absence of undigested matters, which in case of °
ler are held to consist largely of fiber and vegetable
abstance. The bulkiness of the ordinary winter ration
u has been held to be needful because natural, and
garded as essential to digestion and rumination. Mr.
“a committee of the Western New York Dairymen’s
that was appointed in 1875 to report upon his system,
; the animals which were fed for seven weeks on corn
each animal receiving three quarts daily, did not
th or lose flesh, or evince unsatisfied hunger, although
n was suspended.

d, that the digestible substance of Miller’s ration is
umbers but one-half that of Wolff’s standard. The
, the latter eight pounds. The digestible albuminoids
ration are but two-thirds that of Wolff’s, the carbhy-
han half and thewil nearly twice as much. Account-
excess of oil as equal to 0.25 carbhydrates does not
r up Lo one-half the demands of Wolff’s standard.
" and those who have tested his method distinctly
¢ animals have had no access to other food of any
ever, save limited supplies of water, we must restrict
Wolff’s standards to rations largely composed of
digestible food and adapted for rumination, and
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deny their universal applicability. This involves
bility of the two systems,
ferent state of things. So far as

mals, except with hay or coarse fodder as the basis of the ratiop,

The reports of trials on Mr. Miller’s system that have comg
under my observation do/not record any weighings of the animalg
before and after the exclusive meal feeding, and the maintenancq
of undiminished live weight seems to be inferred from the appear-
ance of the animals rather than demonstrated by actual test,
But even if the live weight remained essentially unchanged, oy
three quarts of meal, that fails to prove that the cows were not
really consuming their own substance. It is a fact that the inter-
nal make up of an animal may change considerably without any
corresponding alteration in live weight.

The following figures show tfe composition per cent, of a lean

and of a fat ox, both with and exclusive of the contents of the
stomach and intestines,

Entire Ox. Dressed Ox.

Fat. | Lean. | Difference. | Fat. | Lean. | Difference.
et e ol e 26.8 Tl s et 30.5 8.7 -=21.8
Albuminoids (flesh, &c.) .| 13.7 | 1568 | 4+ 2.1 | 15.6 | 19.2 | + 36
Ash (earth of bones, &c.) .| 3.9 4.8 + 0.9 4.4 (i B IS
WakartlalvctawdW | W 43.6 | 54.3 +10.7 49.2 | 66.2 07 2
Contents of stomach and

intestines’ .__.___.__.__ 12.0 | 18.0 + 6.0
100.0 | 100.0 100.0 1100.0

These figures mean that when a fat animal is put on an insuffi-
cient ration, the loss of fat which immediately begins is largely

compensated by a gain of water; or for twenty pounds of fat -

lost, there is an increase of seventeen pounds of water alone in
dressed carcase, or of nearly that amount of water and contents
of alimentary canal in entire animal.

These well authenticated facts make evident that both the
external appearance of an animal and its live weight are entirely
unsafe criteria from which to judge of its real condition or of the
effect of its rations. It is only by actual analysis of the slaughtered
animal, or by measuring the amount of carbon exhaled from jts
lungs and skin in a respiration apparatus, that we can ascertain
how well it has been nourished in any case where the ration has
been unusual in kind or quantity. If Mr. Miller should claim

no incompat;,
They are each adapted to a very dif.
I can find, no trials have beep
made in the European Experiment Stations on ruminating ap;.
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s\\"stem the diminished quantity of food is sufficient
imial is relieved from the labor needfgl. to extract

B al nutriment from sixteen pounds of md1gest113le

mat:‘:'ial, the facts would appear t? justify ?hat claim

.t at least; but the whole S!lbject requires to be

carefully, as it only can be Wlth.the methods and
of a fully equipped Experiment Station.

Potato Scab and Skin Crack.

ter bearing date of Sept. 27th, ‘Hfm. Levi S. \Ve.lls, of
called the attention of the Station to an aﬁ'e.ctlon .of
-a’ disease of the surface of t}};a tuber, result.mg in a dis-
1d scabby appearance, and to some extent in deep cav-
orm-holes. Mr. Wells mentioned that for a number 9f
s disease has caused great loss to the faﬂrmers of this
large portion of the crop being in many instances ren-
arketable. He sent three tubers which well repre-
various stages of the malady. Wy

wing reply was made to Mr. Wells’ com.mumcat,lon:
atoes exhibit two kinds of disease, which have been
¢ competent investigators in Germany, and what can be
in regard to them is mainly derived from -Dr. H(:,,rmann
t’s “ Report on the Potato Plant and its Diseases,” made
ussian Board of Agriculture in 1854, and from Dr. Paul
 Threatise on the Diseases of Plants,” published in 1874,
est of the three potatoes sent would ordinari}y pass for
tuber, being diseased in but a few places. On its su‘rfac.e,
~are seen a multitude of skin cracks, or scars of skin
ly running lengthwise of the tuber. The larger num-
cracks have healed up by formation of new skin,
the tuber quite sound underneath. Some of the wider
owever, while externally healed, or dry at leas.t, cover a
d moist mass of decayed tissuemearly half an inch .deep.
n places are not due to the attacks of insects, so it has
¢cided from careful microscopic observation, but result
skin-cracks and the decay of the tissues and juices
exposed, Very probably insects or worms, getting lodg-
the cracks, hinder or prevent healing, while dampn.ess of
~and presence of decaying organic matters obviously
‘or decay.
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The cracks are attributed to a period of quick growth succeeding
a time when the tuber was at a stand-still and had begun to ripep
off. 'When the tuber is young and is supplied with material fo,
growth from the foliage and roots’(the tuber is itself a part of the
stem), it gradually expands, and the cuticle enlarges by developmeng
of new tissue to accommodate the interior growth., If growth he
checked after the tuber has advanced towards maturity, the skip
shortly becomes firm in -texture and less capable of yielding,
Should rapid growth then recommence, the inner expansion musg
burst the skin. The cause of the cracks is thought to lie in the
weather, or in the supplies of water and plant food as influenceq
by the weather. Drought checks the growth and tends to ripen,
After drought a moist growing time brings on the enlargement
of the tuber and the cracking of its skin, and, at the same time,
usually causes some of the eyes to grow—the sprouts either run
a little way and then set to small potatoes, or more rarely reach
the surface of the ground and throw out leaves and branches.

The second best potato sent shows evidence of another disease,
called Scab or Pock.

This malady, though beginning differently from skin crack,
affects the skin and results very similarly to that disease. On
this tuber are seen but few skin cracks, but a great many little
warts or pimply points of darker tint than the rest of the skin.
These come from an abnormal growth of the cuticle. The skin,
which when healthy is a layer of cork-cells of uniform thickness,
at these points has begun to grow into the substance of the tuber,
at the expense of the starch and starchy tissue underneath, very
much as a corn on the foot appears to grow at the expense of the
flesh. As the cork growth continues the outer parts of the

affected spot decay, and the decay follows down into the.sub-

stance of the tuber. When these scabby tubers are dug and
dried the decay ceases and the pock remains, a black or brown
cavity separated by a rough layer of corky matter from the
starchy tissue. This potato scab is thought to be connected with
wetness of soil. The writer has seen it years ago in northern
New York, but never, to the best of his recollection, on mellow
up-land or well-drained soil.

If the causes of these affections are truly stated, the remedy
must consist in improving the texture of the soil, so that it shall
duly regulate the water-supply, and thereby the food-supply, to
the crops.
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the fécts as to the water-supply and circumstances of
the past season accord or disagree with the views
ssed ?
. Mr. Wells answered: “The drainage of the soil on
.w the potatoes I sent you cannot be improved. The
velly loam with a very clean gravel for a subsoil to
s of twenty feet to water. The season has been very
every condition apparently favorable for the growth of
antil maturity.”
ated another plot of ground where the disease occasioned
This was on high and dry ground, the soil sandy
‘subsoil sand (good plastering sand). On this field the
ad been tobacco, corn and potw\{oes. It had been well
time with yard- or stable-manure,” »
rvest the potato-rot as well as scab was quite prevalent.”
ooking quality of the potatoes this season has been

Vells also says: “I have observed that potatoes grown in
n New England very rarely show these defects, and when
ze with tobacco stalks the crop is freer from them.”
dd be noticed that while the soils of Mr. Wells’ potato-
“perfect drainage” in a certain sense, they are in fact
stanced most favorably for a well regulated water
y the crops they bear. A gravelly loam with 20 feet of
el intervening between it and bottom water is liable to
m extremes of drought and wet. When heavy rains fall
a soil, the surface loam becomes fully saturated with
nd this state of saturation continues for a considerable
he porous gravel permits indeed the surplus of fowing
to run away in the depths, but the finely porous loam
Ily saturated with capillary water like a suspended
upon which oil is poured from above, until it is com-
enched. If the bottom of such a wick be put in contact
s of cotton, the oil will be sucked into the latter, and
Ick will be left with its pores lined with oil, but not full
am resting on loam, i. e., finely porous to the bottom water,
remain saturated at the surface, but the rain that falls
will soak down to uniformly coat the particles and line
 of the entire mass of soil.
am underlaid by gravel remains overcharged with water
Us rains to an extent and for a time that checks

.
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growth, it being proved by experiment that too much water ig
as injurious to vegetation as too little, a certain moderate supply
being best for most cultivated_ plants. After heavy rains have
saturated the soil, continued dry weather gradually removes the
excess, the sun and wind evaporating it from the surface, as 5
flame takes up the oil of a lamp, and the water from below rises
in the porous earth as the oil ascends in the porous wick. Iy
time the proportion of water becomes favorable to growth, bug
as dry weather continues, the stock of water in the soil underlaid
with gravel may soon be reduced below the quantity best for
crops, and drought may ensue because the gravel cannot raise
the bottom water rapidly enough, whereas if the loam extended
to bottom water, the latter would ascend and maintain the sur-
face soil moist and supply the crop.

Perfect drainage implies a certain freedom of motion of the
soil-water in all directions, that of flowing water through chan-
nels, that of capillary water through pores. Bottom water should
drain upwards, through a sufficiently extensive and connected
system of fine pores, to maintain the surface soil moist in drought,
and surface water should drain downwards rapidly enough to
prevent any prolonged capillary saturation of the surface soil.

It is a matter of experience among florists and gardeners that
slight surface fvettings of the soil, whether that of pots, beds or
lawns, is of little or no use compared to an occasional thorough
drench. During along period of hot weather with frequent light
rains, but no heavy rain, the soil at the depth where the roots of
a crop are mainly situated may easily become so dry as to check
growth, when the surface soil and the sub-soil are both sufficiently
moist. The evaporation of water from the vegetation of a culti-
vated field is much greater than that from the naked soil, and this
larger evaporation must be supplied from the. earth which the
roots penetrate. It is plain that a soil separated from bottom
water by a gravel bed may suffer greatly from want of moisture
during a period of summer weather, when no heavy rains fall,
although many light showers wet the surface to a little depth,

I call attention to these details in order to show that the state
of the water supply may be really unfavorable to ‘vegetation
when no such condition of things is suspected, but must leave to
further observation to decide whether the potato scab isin fact
attributable to these vicissitudes.
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On some of the Properties of Clay.

orties of a clay soil are very unlike those: Of. a {sand,
. retentive of water, neither allowing .thls hquxd.to
+h a mass of it readily nor permitting rapid evaporation
ture which may be contained in its pores. . Clay is
i. e., when suitably moist it may be moulded.lnto any
‘i’:étains that shape on drying and burning. This quality
‘ouble in the tillage of clay lands, for if plowed beff)re
certain stage of dryness, the soil forms clods which
further drying and require much labor to break them

esion of wet clay into plastic masses is mainly no doubt
Z'S'r, of the special kind of matter which composes it, but
ears to be to some extent dependent on the fineness and
shape of the particles. :
ssential ingredient of some of the finest porcelain clays is
a1 species, known as Kuolinite which is composed in 100
W

b R P TR B 46.4
L s e R CR SRR 1
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100.0

ree the adhesive plastic quality which belongs to the
fine porcelain clay.

hief chemical ingredient of their clayey portion, but more
in admixture with otfier hydrous aluminous silicates, and

ates of iron as well as with alumina and iron hydrates.
he microscope the fine matter of many clays, even of the
‘blue and brown clays used for pottery, reveals a trans-
Or translucent substance like pulverized kaolinite, with here
‘angular fragments of six-sided crystal plates. In agri-
clays the chemical nature of the adhesive material is not
fUnderstood, but the studies of Prof. E. W. Hilgard upon the
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soils of Mississippi, and of Prof. Schlosing of the French Agricul-
tural Institute, have given valuable information with regard to
its properties. P

If a clay soil be briskly boiled with water for twenty-four hours
or more, the particles thatcompose it are very perfectly detacheq
from each other. On then stirring up the whole with a consider.
able volume of -pure water and letting stand for twenty-four
hours, the grains of sand, silt and rock-dust, down to a scarcely
measurable degree of fineness gradually settle out, and there re.
mains an opake milky liquid that requires weeks or months of rest
before the suspended particles will be deposited.

The matter diffused in this water is clay in the common and
agricultural sense of that word, or rather it is that which gives to
clay soils their peculiar properties. Much of it is matter so fine
that the microscope with its higkest powers cannot define or dis-
cover it. If to the turbid clay-water a little common salt or
strong brine is added the clay will separate from the water in
visible flocky aggregations, and within a few hours will settle to
the bottom of the vessel as a bulky gelatinous deposit. If this
clay be separated from the liquid and exposed to the air it shrinks
away on drying to a small fraction of its original bulk, if dried
on paper or cloth it crimps the latter as would drying glue.
“ After drying it constitutes a hard, often horny mass, difficult to
break, and at times somewhat resonant. Since the iron-oxide with
which the soil or clay may have been colored is mainly aceumu-
lated in this portion, it usually possesses a dark brown or chocolate
tint. When a large amount of iron is present, water acts rather
slowly on the dried mass which gradually swells like glue, the
fragments retaining their shape. Not so when the substance is
comparatively free from iron. It then swells up instantly on con-
tact with water, horny scales of it quickly lose their shape, bulge
like a piece of lime in process of slaking,” and fall to pieces.

This clay “when dry adheres to the tongue so tenaciously as to
render its separation painful. When moistened and worked into
the plastic condition it is exceedingly tenacious and sticky,’
adhering to everything it touches ”—Hilgard (American Jowrnal
of Science and Arts, Oct., 1873.)

In 1867, the writer, in conjunction with Mr. J. M. Blake of
New Haven, showed that kaolinite in a transparent and crystalline
form is a common and often an abundant ingredient of clays,
most abundant in the mealy white porcelain clay, and less abun-
dant or scarce in fire and common clays.
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Agoihptes Rendus, t. 18, 1874,) hag confirmed t}'lis
and has shown that some porcela%n clays consist
'8 of kaolinite, which in some cases is crystalline, in
' Schloesing finds, however, that the ﬁne.st and
of these clays is not kaolinite, b}lt has a d.lﬁ'erent
,omposition and is more glue-like in its properties, cor-
" to Dr. Hilgard’s description of the “clay” obtained
oils. The analysis of one specimen of the latter
very different composition from those e?zamined by
It appears in fact that we cannot cheu.ncally define -
» which pure water takes up from clayey soils and hf)lds
suspension. Itis a mixturg of all the very ﬁne.st kinds
which the earth may contain, and its properties vary
o the kinds and states of that matter. . .
ay,” however, is or largely contains a somet.hmg which
ater with great emergy and swells with it to many
pulk it has when dry. It belongs to the class of bodies
by Graham as Colloids (glue-like), and confers on the
i and valuable properties. . ;
ng to Hilgard the heaviest agricultural clays contain
L7 per cent., and ordinary loams but 10 to 20 per cent.
 clay, the rest being sand and silt. Schloesing states
mgest clay he examined contained but 85 per cent.,
strong clays contain but 16 to 20 per cent. Schloesing’s
§ freed from lime and organic matter by chemical treat-
ch Hilgard has not employed. Schloesing’s object
Yy to ascertain the total quantity of clay in the sub-
experimented on, and Hilgard’s to make a mechanical
of the various grades of sand, silt and finer matters,
pose of estimating their influence on the physical qual-

1ls
hus briefly stating the main facts known with regard to
of this colloid clay, I will call attention to its mfluence
When a dry clay soil is copiously rained upon or
the abundant pure water of melting snow its “clay”
Sumes a gummy or gluey consistency, and by enveloping
nd silt grains confers upon the whole mass its own
ities. 'When soluble salts of the surface soil are com-
; ed out of it, then the clay enters into suspension anfl

Ldown in the pores of the soil and clogs them up, as it
Pores of a paper filter or of a cloth strainer in the experi-
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ments of the laboratory. Thus it comes that clay lands are 80
muddy and impervious to rain in spring and autumn, and thg; -
the water they contain dries out slqwly, as it does from dissolveq
glue, gum, or jelly. The sprinkling of the wet and sticky clay

with a weak brine or with a much weaker solution of a lime-salt

. . 3 . )
either sulphate of lime (gypsum or plaster) or with a solution of lime
in carbonated water, or the sprinkling of these salts dry on the wet

surface, where they speedily dissolve, coagulates the clay a4

rennet curdles the casein of milk, i. e, the lime-salts separate

the clay atoms from the water in which they were suspended, anq
shrinks them together into distinct curd-like masses. Thus the
clogged pores between the sand-grains are opened and channels
formed which permit the clear water to run off,

Schloesing found by experiment, both in pottery clays and
heavy clay soils, that the matter held in suspension in pure water
was coagulated and thrown down quickly by adding to the water
a few ten-thousandths of a soluble lime or magnesian salt, as well
as by about five times that quantity of a potash-salt, and by a still
larger proportion of a soda-salt.

. The coagulation of clay by soluble saline matters assists in
explaining some facts long if not widely known in agriculture.

It has been found in some regions of Germany that the applica-

tion of lime to clay lands is an effectual means of loosening the
texture of even the stiffest soils. It is doubtless the bicarbonate

of lime which acts in this case. The effect lasts for only a term

of years, because the lime gradually dissolves away, and as it dis-
appears from the surface the clay recovers its original impervious
quality. Mr. D. G. Mitchell, of Edgewood, near New Haven, has
found that a soggy and nearly worthless hill-slope has become dry
and valuable for pasture, mainly as the result of an application of
lime. Mr. Lawes, the veteran English experimenter, informs us
that the continued use of nitrate of soda for many years as a fer-
tilizer on clay land has noticeably improved its texture and
relieved its heavy quality. The often-observed good effects of
spreading out stable manure on the ground during winter in im-

proving the texture of the soil at time of spring tillage may be

due in part to the effect of the soluble salts in coagulating the
clay and preventing the clogging and puddling of the soil.

In studying recently the question of the transmission of water
through soils, it occurred to the writer that since some colloid

(glue-like) bodies when diffused in water, such as starch in the
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‘paste, are coagulated and.sep'arated in glutinous
the freezing of the mass, it is likely that the well-
effects of strong frost on clay 'thrown up by the plow
are in part due to a coagulation of the clay by the
of the water. Advantage was at once taken of a
expose some turbid clay-water, that had beer.l stand-
"hours, to the action of frost. In the morning the
- was in fact found to have yielded a cake of .trfms-
within or beneath which was seen the clay in distinct
.gations. As the ice melted, it yielded clear water,
, §]ay remained at the bottom of the vessel. On
on with the microscope it was seen to consist largely of
ent, nearly white, material with 4 granular or cellular
while a portion of the unfrozen and turbid clay-water
nothing discoverable by the same magnifying power of
diameters. The result of this experiment brought to
‘it. often mnoticed years ago when living in a region of
loamy soils, viz: that during late autumn and early
her, water stood turbid during the warm day in low
,' e the ground was poached by the feet of cattle, but
ﬁloming was covered by clear ice, beneath which the
iinous or flocky clay sediment seen in the experiment
to be noticed.

cts on wet sandy soils to force apart the particles by the
pansion of the intervening water, which increases in
elfth in the act of congelation. On wet clay lands the
ezing condenses and agglutinates the clay, deprives it
ky cementing quality, and thus opens the pores to the
ater, and for a time converts, so far as texture and con-
are concerned, a clay into a loam.

18 probable that light loamy lands with a deficiency of
d therefore tending towards undue porosity and want of
eness, may be rather damaged in respect to their texture
'€ agencies which coagulafe clay and improve heavy clay
On such lands the uncoagulated clay fully charged and
With water is needed to give body and loamy quality to
On such lands accordingly deep fall-plowing and thor-
ng, as well as fall or early spring application of soluble
ilizers are, other things being equal, to be avoided, and
nS which furnish the only colloid substitute for clay at
8 disposal, viz: soluble humus, should be made. Sol-

\
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uble humus, the humic acid of the chemist, is abundant in we]]
rotted stable manure, leaf mold, swamp muck, peat and decayeq
vegetable matter generally. The.considerations that have beep
adduced in regard to the nature and uses of clay promise valuable
practical results when applied to the investigation of humus, ang
this is a point to which the Station will give attention in future
as it finds opportunity.

Studies on the Relations of Soils to Water.

The paramount importance of water to crops is sufficiently dem-
onstrated both by practical observation and by accurate experi-
ment. The farmer cannot increase or lessen the supplies of water
to his soil except by irrigation, but he can largely influence the
distribution and storage of water in the soil by tillage and drain-
age. Hecan dry out the soil by one mode of working it, and can
diminish the loss of its moisture by another. In a lecture on
“Some Reasons for Tillage,” printed in the Report of the Connec-
ticut Board of Agriculture for the current year, the writer has
discussed some branches of this subject at length, and the reader
is referred to that volume for details. The practical importance
of the matter has led to undertaking its extended investigation in
the Station Laboratory. Already several series of experiments
have been put in progress and no little labor expended upon them.
The work is not however sufficiently advanced to require a de-
tailed record in this Report of the results as yet obtained; and
from the complex nature of the subject, prolonged study will be
needful to explore it with tolerable completeness. The first step
in such an inquiry is to collate and put in accessible form what
has been done already by others. I requested Mr. Armsby to
undertake this collation, and he has carefully gone through the
literature of the subject so far as it is accessible to us, and has
drawn up a valuable paper which exhibits in systematic form the
present condition of experimental knowledge and of scientific opin-
ion regarding the Relations of the Soil to Water. The perusal of
Mr. Armsby’s paper (see p. 81), will I think serve a useful pur-
pose in directing the attention of thinking farmers to the import-
ant points involved in this inquiry. They will see that the mat-
ter has been the subject of much thought and experimental work,
that in some directions it appears to be fairly understood, but in
others it is yet obscure. It will not escape notice that the inves-
tigations hitherto made do not adequately touch the relations of

7

water, Something is inferred as probable reg:.zrding
y application of the facts made out from‘expenments
'¢ various grades of fineness, as. well as from gene'ral
, but the experiments on clay soils or soils approachmg
-acter, have often given contradictory results, obvi-
¢ the elements of the problem have not been suffi-
stood, or because proper modes of experiment have
und. In fact, the nature of clay has not been ade-
o by those who have worked on this subject. Now
ches of Hilgard and Schlesing have opened the
be followed in this part of the inquiry, it may be
that new investigations will prove highly fruitful.
'g step in this inquiry next to dearning what has been
o subject the old experimental methods to critical inves-
ning with the easier problems and testing the
- received, by new experiments made under varied con-
absequently, when firm ground is reached in respect to
branches of the subject, the research will move on nat-
certainly to the more difficult points.
experiments are in progress for the purpose of learning
y he simple facts of the transmission of water from
the surface of soils, and its loss by evaporation into
After various trials we have devised a simple
‘means of which a column of soil fourteen inches
) inches in diameter can be maintained for months in
base with water at a practically constant level, and
aporation of this water can take place except through
1 80 that the soil shall be always supplied with all the
ransmit upwards. This apparatus can be put upon
yet delicate balance loaned to the Station and
0 day to day. The loss it undergoes is an accurate
'}%ilﬁ, ability of the soil it contains to transmit water.
already applied for two months in various preliminary
pon the evaporatfon of watef from peat, loam and
Ty has been the main subject of observation hitherto
ferent numbers afford a sand-like material of graded
t 155 of an inch down, and since the extreme and
e sions of the particlés of each sort can be ascertained
Cope, the influence of size of particles may be
% and a standard of measure established for com-
- of evaporation from soils and mixed materials
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d from the figures of this table that in l.nz;ny cas:is.
ation is the greater the finer the materials expe
rThe fine loam loses water more than twice as
twice as much as the coarse. The closely p‘acker(:

packed flour of emery transmit and lose water mo
T ame materials with a looser texture, but th.e
ﬁ‘:z; :re not entirely satisfactory on account of their

Whose particles defy attempts at measurement. It ig necessay
carry on a considerable number of experiment
under the same conditions of temperature and ex
get comparable results, and these trials should obviously €Mbrag
many different kinds of well-defined soils or soil-like materialg ; '
different conditions of fineness, compactness and depth. They
ought to be in some cases conducted on a larger scale than th
balance at our service can accommodate, and it need searcely
hinted that the preparation of suitable materials, the fitting y
and mounting several dofens of the apparatus, and weighing then
all daily for many weeks, will require a long time and occasioy
much labor. Some of the results already obtained are worth stat.
ing here, although they are merely confirmatory of what has been
already known in a general sense before,

The clay-loam in these experiments was taken in the air-dy
state, and was divided by sifting through round holes into threg
grades of fineness, one consisting of lumps between 5 and L of
an inch in diameter, another of smaller lumps from 1% to 54 inch
diameter, and a third comprising all the finer parts from . inch
down to dust. This clay-loam in all thege grades consis's of
highly and finely porous lumps or grains. The peat, also a highly
but differently porous material, was taken in a state of moisture

nearly approaching saturation. It was employed both loose and s
packed.

)

. 0
§ simultaneoyg;
posure in ordey

"\ 'emery of different. grades we notice ’chagI th:ototlali :
. the flour, but from No. 80.
is not greatest from ot
i 80 took the lead,
‘beginning of the experiment No.
‘blfgl::apgrated the most. Then the ﬂ(?u_r went ahe:;d
i The experiment was, however, vitiated bNy tsg
OU. ;
on at the surface of the flour, and espefclaily ?f O;rhe
i tly sulphate of alumina.
. of saline matter, mos : O
: i d in order to wash the emery
had to be interrupte i
istur this writing have
i ce of disturbance, and at v i
I*iﬂed‘s OZJﬂiciently long to give results suitable for discus
11

e above was written and before going to press, a se;o:xd ls]ixzvezh::
hed emery of five numbers, has proceeded far enqug 'o sustation

the table on page 80 were essentially vitiated by the s;::hge ;I:‘cr e 3(;
series, thus far, No. 80 has decidedly surpassed t ctei no i,; g
ave kept, on the whole, very even pace, each alterr;s: A is the leal
80 and 100, the evaporation appears to have reac eN i e
0. 54 stand quite equally separated from and below Nos.

‘j:rs: :;)h;;ie?‘g;low, in three periods, and refer to one square inch

and fourteen inches of depth.
EBuvaporation Fuperiments.—New Sertes.

The emery was chosen in the extremes of commercial fineness,
“No. 46” and “flour,” and also a medium grade, “No, 80.”
Microscopic measurements of the emery showed that the angular
particles of the flour range widely in diameter from 0.00016 to
0.00066-inch, but are for the most part comprised between 0.0016

" s s . . Emery.

and 0.0038-inch. Their average dimensions may roughly be given . 4 No. 100. | Flour
as about 0.002-inch. The grains of No. 80 are more uniform in No. 46. | No. 54. | No. 80. | No. 100. o
size, ranging between 0.0075 and 0.0125-inch, most of them being grms. | grms. | grms. | grms. | g

35.38 33.99

2.19 33.90 35.68

1G.()8 18.51 20.02 20.06 ;g(’;g
6.10 20.21 22:10 22.04 L

very nearly 0.0l-inch in diameter. In No. 46 the dimensions |
mostly vary from 0.0175 to 0.02.

The table on page 80 gives the quantities of water evaporated
through 14 inches of the materials named and from an area of one
square inch,* under the same conditions of temperature and expo-
sure, and during the times specified.

9437 | 12.62 | .80 | 7148 | 73.34

*1In case of peat and loose flour
changed considerably by the shri
of the column,

of emery the surface area of the column
nkage of the material, as it dried out at the top
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‘ .
ng paper on the Relations of the Soil to Water was
the Directors’ request for the use of the Station.

ATE 0OF KNOWLEDGE REGARDING THE RELATIONS oF

.

three points in regard to'the relations of the soil to
ch are of agricultural importance :

gapiLity.—The rapidity with which the water that
e surface of the soil in the form of rain, etc., soaks
through it.

ER-HOLDING Powrr.—The amount of water which is
various layers of the soil, where it may serve to nour-

raTioN.—The rapidity with which water evaporates
ce under different conditions.* :

I. PERMEABILITY.

al way we may define the permeability of a soil as
hich water falling upon its surface passes downward

! Permeability in a wniform soil.

g on the surface, and that then the rain-fall ceases..
will flow downward through the interstices, which will
only to a certain height above bottom water, this
greater the finer the interstices, and the water being
by ¢ capillary attraction.”

ment will in many cases be nearly reached pretty
i some water would cling to the surface of the par-
low downward slowlyr This would be the case espe-
ndy and loamy soils. In a clay soil, owing to the
e of the materials comprising it, the flow would

be added—

OITY.—The amount of water which the soil can condense from
~ Recent investigations render it doubtful whether this hygro-
the soil hag any significance as a means of supplying crops with
i this paper is confined to a discussion of the points above

5/

ro Warer. By H. P. Armssy, Pu.B., Chemist to

all the interstices of the soil to be full of water and-



82

probably be modified in some respects.
the rapidity of this downward flow are:

a. The Fineness of the Soil.—The larger the interstices be.
tween the particles of the soil, the less resistance they offer to the
very small, the floy,
is governed by the laws of capillary efflux; the rapidity being ip.
versely as the length and directly as the fourth power of the diam.

passage of water through them. If they are

eter of the tubes or‘pores.
The more interstices there are in a
would flow through in the same time,

size of the particles; so that the only difference in permeability
would be that due to the size of the interstices and the conse.
quent greater or less resistance to the passage of water through

“them. This would be approximately true for all soils of uniform
grain.

If the particles were not of uniform size, we might expect that
the smaller would fit in between the larger; and that, the inter-
stices being thus made smaller, the permeability would be less
than the mean of the several sizes separately.

In a fine soil the interstices would remain filled to a point nearer
the surface than in a coarse one, so that the water would not have
so far to sink, thus giving the fine soil an advantage; but it is
doubtful if this would be of any practical account, so that we
may say @ priori, that a coarse soil is more permeable than a fine
one. .

Most experiments on this subject have been made by pouring
water on a dry soil, in which case the capillarity of the empty
interstices would tend to increase the rapidity of descent.

Von Klenze (Zandw. Jakrbicher, 6, 113) found that water sank
faster into coarse than into fine quartz and marble powders, He
kept a constant head of one centimeter of water above the surface.

G. Wilhelm (Jahresber. 4. Agr. Chem., 5, 16,) made similar
experiments, using too little water to saturate the soil, and ob-
tained the same result,

b. Texture of the Soil.—W hether loose or compact,

The fragments of a goil being ordinarily irregular in shape and
size, they may so arrange themselves that, while they are in equi-
librium, they can be shaken closer together; that is, the soil may
be loose or compact. The effect of packing would be to make the
interstices smaller and hence to decrease the permeability.

The conditions inﬂuencing

given area, the more Wwater

If the particles of the soi]
were spherical and of uniform diameter, the total area of the in-

terstices in any cross-section would be the same, whatever the
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Klenze, in his experiments already mentioned, found that
: soil was more permeable than a packe.d. In one case the
descended faster at ﬁrst. in a packed soil, but after an hour
2t in the loose soil overtook it. ; ) /
- Porosity of the materials.of the Sozl.—.In thx.s case water 1:
ent not only in the intersmces.of the soil but in the. pores o
sarticles themselves; as e. g., in peat and to a certain extent
Z};e case above supposed, viz: motion of water fiowanard
oh a soil already wet, this would probably ¥1ave little 1nﬂ1,1-
. If the soil were comparatively dry, as in von Kl'enzes
wriments, it might cause the water to.descend slower, owing to
ing up and retention of some of it by the porous particles.

If we suppose a little rain to fall on .a.comparative]y dry
‘we have in some respects different conditions. t ’
the water sinks down through the soil, some is left on the
e of the particles, and finally the whole amount may be thl.ls
ibuted. After this, the motion will be from the. surface (or, in
‘of porous materials, from the pores) of one particle to another, :
in this process the weight of the water would be a sm.all fac-
The motion of water downward would be much like the
of water upward into a dry soil. ; ‘
y any experiments have been made on this subject.
e effects of varying fineness, texture, etc., are probably as
WS :
Fineness.—The finer the soil the greater is the extent of sur-
in a given volume, and the nearer the surface is the point at
h the water ceases to fill the interstices.
W this point the downward motion would proba“bly be
“in a fine soil, on account of the more numerous points of
t between the particles.
- Zeature.—The first stage of the process would probably be
in a compact than ina loose soil” After that the effect of
texture would probably be like that of increased fineness.
.Po'rosity of Materials.—Porous materials soak up 'Water .and
it in their pores, and hence the water would fill the interstices
80il to a shorter distance from the top.
W this point the transfer of water would be largely from tl?e
f one particle to those of another, and would be more rapl.d
the particles and the closer they were packed, because in
emﬂ the points of contact would be more numerous.
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Permeability in a soil not uniform.

In a soil in which some layers are more permeable than others,
owing to greater coarseness, looseness, etc., the permeability
would be determined by that of the least permeable portion.

II. WATER-HOLDING POWER.

Not all the water which soaks into the soil from the surface
flows through: a considerable portion, as is.indicated above, ig
retained, and it is this mainly which is available to vegetation.

This capability of the soil to hold back a portion of the water
which falls upon it has been variously designated as “water-
capacity,”. ¢ water-holding power,” ‘“imbibing-power,” etc., but
all these terms have been used with great looseness.

Ad. Mayer (Landw. Jahrbicher, 3, 753) seems to have been
the first to distinguish clearly between the various meanings
attached to these terms, though his terminology still leaves some-
thing to be desired.

Generally the water-holding power of a soil has been measured
by the amount of water which a short column of it can hold;
though no standard of height has ever been agreed upon. Mayer
designates as *“ total water-capacity ” the amount of water which
a soil can contain when all its interstices are full of water and as
‘“absolute water-capacity ”” the amount of water held at some dis.
tance above hydrostatic water, without however saying at what
distance.

What is really of importance, however, is the distribution of

water in the soil. We care far less about knowing how much
water a soil can possibly contain, than about knowing how much
water the various layers of it above hydrostatic water contain,
how this is affected by fineness, texture, ete., what is the effect
of alternating coarse and fine layers, etc.

All results should express the amount of water held in a unit-
volume and not in a unit-weight of the soil.

Greatest Water-holding Power.

Almost all experiments on water-holding power have been di-
rected towards ascertaining the total amount of water which a
soil can hold, and the conditions determining it.

The method has been to weigh a short column of soil, pour ex-
cess of water on the top and weigh again after the excess of water
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TThe éa.in per unit either of :che weight or the vol-

riginal soil, is the water—holdnfg power. .

Jle to get comparable results in this way, or indeed

' definite meaning, only when we so choos.e the con-

eriment that all the interstices of the soil shall be
In this case the water-holding power can be com-

he specific gravity of the materials and the absolute

5 given volume of soil. by

ese circumstances, the only conditions that can well

ter-holding power are :—

eness of the soil.

~texture. )

ity of its materials. /

e of particles.

nperature. : ;
sments on the effect of varying height of soil column,

pingless, since this can only produce an effect by caus-
srstices at the top to empty themselves and the soil to
ne half saturated. So also experiments made by allow-
to, soak up into the soil from below are of rather doubt-

appose a soil composed of uniform spherical particles
ble to water and in the closest possible contact, then the
e of the interstices in a given bulk of the soil would be
whatever the size of the particles, and consequently
holding power would be the same. If the particles are
shape, the law will probably be still approximately

rticles themselves were porous so’that they could soak

or if they were not in close contact, the water-holding
d be greater.

were not all of the same size, the smaller would pass

the larger, partly fill up the interstices, and diminish

olding power. '

then we can say :—

arying fineness has no effect on water-holding power, pro-
particles are impermeable to water. If they are por-

ime-sinter or peat, pulverization may destroy the larger

decrease the water-holding power, as has been shown

er and Wilhelm.

loose soil will hold more water in the same volume than
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3d. The more porous the materials, the greater is the watey.
holding power. .

The following are the printipal experimental results as Vet
obtained. : ]

a. Effect of Fineness.—Itis difficult to make exact experiment
on this point. Most of those accessible show an increase of the
water-holding power with the fineness.

Ad. Mayer (Landw. Jahrbicher, 3, 759) found the absolute

weight of a unit volume of mineral powders to decrease, and the
water-holding power to increase with inereasing fineness, with the
exception of the finest powders.

Von Klenze (Landw. Jahrbicher, 6, 124) found the same

thing, calculating his results on unit-weight of soil.

Haberlandt ( Wiss. prakt. Untersuchungen, ete., I, p. 9) found
that peat and sand gained in water-holding power by pulveriza-
tion, but that a garden soil passed a maximum at a certain medium
fineness. The water in these experiments was soaked up by a
column of soil six to eight centimeters high. The results are on
unit volume.

These results seem to contradict the theory, but they may be
due, as Mayer thinks his are, to the difficulty of packing the fine
materials closely, or in part to the porosity of some of the mate-
rials used.

b. Effect of Texture.—Von Klenze (loc. eit., p. 124) found that
when a short column of soil was used, and the water poured on
the top, a loose soil held more water per unit-weight but less per
unit-volume than a compact one. If the materials were very coarse,
the compact powder held the most per unit-weight as well, prob-
ably because the interstices of the loose powder were too large to
remain filled to the top. With a long column also the packed
soil generally held the more by weight.

Haberlandt (loc. cit.) found that loose materials soaked up more
water per unit-weight than compact ones.

These results are the reverse of what theoretical considerations
would lead us to expect, but the experiments give no guarantee
that all the interstices were full of water, and that consequently
the results truly give the greatest water-capacity.

The increase of water-holding power with the fineness (see above)
on the other hand, is explained by Mayer, as probably due to the
difficulty of bringing the particles of a fine powder into close con-
tact, 1 e., to the greater looseness of texture in these cases.
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Materials.—Ad. Mayer (loc. cit. p. 762)
held more water than was calculated
ific gravity and absolute weight. The' grfealtl
held by peat and similar substances 18 “(13.
B bs water into its microscopic pores and swells.
4 a—bSOI‘ing size and shape of particles.—Ad. 'Mayer
o found that the different cleavage of thﬂe mmeral's
e reciable difference in the water-holding power.
N ap% above that the water-holding power of his
ut::: less than that of the next to the finest he ex-

Porosity of
rous powders

ther powders were tolerab_ly unifon.n, the ﬁntestzi(;r;-
es ranging irom 0.3 millimeter dlametel" t‘o Sﬁce;
the very fine particles would fill up the mt er ¥
arger and thus reduce the space left for wa er.t ik
't Wi ixture of two other powders of different fin
g ht of a given volume of the mix-

the absolute weig : .
ater than the average of the two, proving that there

between the particles.

ahresber. . Agr. Chen.,
of different substances,

n - power than the average of t

13-15, 1, 102) has found
show in most cases, a less
he two materials sepa-

dy ¢ 1[6 ature. on Illenze lCC. cet. p' 125) a“d
; ( ? b
C. GZt., p. 14) botll agl ee tbat 1eSS Watel 18 held at

i

it low temperatures.

L

« Absolute water-capacity.”

t water-capacity, as above defined, is of.little pra(;:m-
An arable soil is never saturated with water for

hich falls on it is distributed
but the water w gk 44

of time,
‘whole ,mass, and only a portion is held by 44
questions of interest to every farmer .are, w.vhffxt P .
the total amount which a soil can contain, Wll} it ho¥

circumstances of drainage, &c., and how rapidly W.l'“

of equilibrium be reached. 5 i

/ e:'l'Wit,h w‘lllich equilibrium is attained is d'ete?'mu}e@
ility of the soil. In considering the dlStI‘lbllt:lO?;
ed, it will be simplest to take first the case of a soi
e surface down to hydrostatic (bottom) water.
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1. Uniform Soil.

a. Hffect of Fineness.—Suppose the soil to be composed of Unj.

form fragments of impermeable materials, :

To a certain height above hydrostatic water the interstices
be filled with water and the soil will show its «
holding power.” This height we may call with

interstices may be called the limit of saturation.

is the capillary height.
This is shown by numerous experiments, e. g.
Nessler (loc. ¢it.) on sands of different fineness, and

pared with fine powders.
Above the limit of

the particles and in
particles the greater
ous are the points of contact in a unit-volume, and consequently
the more water will be held. This is shown by the experiments
of Ad. Mayer (ZLanduw. Jahrbicher, 8, 771), and probably by those
of Von Klenze (Landuw. Jahrbicher, 6, 124).

the angles where they touch. The finer the

In Haberlandt’s experiments ( Wiss. prakt. Untersuch., &e., 1,p.

18) fine soils took up more water; but the column of soil was com-
paratively short, so that the capillary height may not have been
exceeded, and in any case the lower end of the column must

have been saturated with water, a fact which would influence the ‘

result. His results are on unit-weights of soil.

Nessler (loc. cit., p. 51-52) found that, when water rose into a
soil from below, the layer moistened above the limit of saturation
was higher the finer the soils.

This is the only experimental result on this point except the
general one that water rises farther into fine
soils, even when pretty long columns are used.

than into coarse

As to whether the per cent. of water held at different points of

the moist but unsaturated layer is the same, very few experiments
have been made. Ad. Mayer (loc. cit., p. 773) says it is the same,
but gives no experimental results,

wil]
greatest wate).
Nessler (Jaheg.
berichte w. Agr. O'bem., 16 & 17, 1, 50) the « capillary height»
of the soil, and perhaps the point to which the water fills the
Evidently thg
finer the particles the smaller are the interstices and the greatep

by those of
those of Aq,
Mayer (Zoc. eit.) on the greatest water-capacity of coarse as com.

saturation (supposing water to have passed
downward through the soil) water will be held on the surface of

is the extent of surface and the more numer-
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 (Jakresber. i Agr. Chem., 9, 51, and 10';}127)552;;2(2
'drostatic water Wasdcompara:ilvely near the
s il increased downward.
oli.tflelz;:gbler. . il)gr. Chem, 16 and 17, I, 98) found
i in tubes. :
ﬂl?:a{zegtlsd Liebenberg and by Br?itlohne.r (Jahres-
Them., 10, 28) the lower layers of soils bearing plants
I i n the upper.
'&,‘2 };em‘i:;l:el.‘ih’;he eﬁ'ecI‘:pof packing would be to make
of the soil smaller and consequent.ly the ‘capillary
r, though the amount of water held in a unit-volume
ted soil would be less. See p. 86. ]
"(loc. cit., p- 800) found that water rose farther into
h into loose powders, ;
nze (Landw. Jakrbicher, 6,102) in experiments on the
er into dry soils, found that the Watfar rose farthe.r
es in packed, in other cases in loose soil. His experi-
on the rapidity of the rise, however, and he does not
er the experiments were continued till the water ceased
also found in experiments on water-holding power
cases a long column of packed soil held more W'ater
oose soil. This is probably due to the greater height
ﬁof saturation.
thing was observed with short columns of coarse
robably for the same reason. ‘
It (loc. cit., p. 17) found that water rose faster into
It does not follow, however, that it would finally
eater height. :
loc. cit., p. 52) found that water rose farther into
nto loose soil.
e limit of saturation it seems probable that the packed
e inoister, there being more small cregices between
in which water could be retained. .
Porosity of Marerials.—1f some or all the p:‘irtlc.les
¢ finely porous or swell up with water, the distrxbut:,lon
uld be greatly modified above the limit of saturation.
ores of the particles once filled with water retain it,
- short and open into the comparatively large inter-
80il, and in many cases the amount of water thus
be greater than that held on the surface of the
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The effect of fine porosity then would be to equalize the dist;.

bution of water above the limit of saturation and to make thy

amount held greater.

Very likely also the height to which water would rise into
dry soil would be greater in such 1 case, as Mayer (loc. cit., p. 796)
observed in one instance.

An effect somewhat similar to those just mentioned is produceq
when a soil compacted by rain, &c., is broken up by tillage,
The compact mass is broken up into small porous fragments ang
made to occupy more space. These fragments retain the water
they held before, but the large interspaces between them do not
fill themselves with water, and so the amount of water held in
unit-volume is less. At the same time the distribution of water
is probably more uniform in such a soil than it would be in the
same volume of a compact earth, for the reasons already stated.

2. Soil not uniform.

Nessler (Jakresber. ii. Agr. Chen., 16 & 117, 1. 49) has worked
up this subject. The fundamentsl consideration which Nessler
proceeded from is as follows. “If a narrow tube whose ends are
of unequal width be placed with the wide end in water and then
inverted after removal from the water, the water which it holds
by capillarity will flow down to the narrow end.

If the narrow end is filled andthis held uppermost, the water
will indeed fall somewhat toward the wide end but will not reach
it, if the length and difference in the width are great enough.”

a. Fine soil above coarse.—If wehave a fine or compact soil over
a coarse (or loose) sub-soil, water filling on the top will be held in
the pores of the fine layer in much the same way as if it were in
contact with hydrostatic water at the point where the coarse sub-
soil begins, no matter how coare the latter may be. A soil
thus situated is not so well drained as if the sub-soil were as fine
as itself. The reason why such a soil is drier than one on a fine
sub-soil is that the water held by it soon dries out in fair weather
and the sub-soil cannot raise water fast enough to supply the loss.
In such a soil the water in the fire and that in the coarse layer
would be distributed independently and as in a uniform soil.

The retention of water by a packed layer has been shown ex-
perimentally by Nessler (loc. cit., p. 50). When water was poured
on a column of soil having the upper one and a half inches packed,
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was held by this layer and only a little of it reached
part of the soil. Nessler remarks that a crust would
same way.

se s0il above fine.—If we have a coarse soil over a fine
will flow down into the latter, merely moistening the
vers, the interstices of which can remain filled only as long
water falls than can pass through the fine layers.

s materials.—If the materials of the soil are porous tl'le
ent of the two layers would probably be to a certain
qualized, since the particles would soak up about the same
n each. As was noted on p. 90, tillage may produce a
n gimilar to this, especially/ in a stiff soil.

evaporation takes place, the upper layers of the soil yvill
o a greater or less extent, depending on the power of the

transmit water. See below.

i

III.

‘ s rapidity of evaporation from the surface of a s?i} depends,
rupon external and partly upon internal condmo.ns. T'he
r are temperature, exposure, &c., and do not require m?tlce
" The internal conditions are essentially the two following:
'he amount of moisture in the upper layer; this depending
rapidity with which water can rise from below to supply
by evaporation, it having been shown by Schulze (Jakres-
Agr. Chem., 3, 31), W. Wolf (Landw. Jahrb., 2, 384),
y (same, 5, 441) and Haberlandt (Jahresber. . 497‘.
, 9, 49) that the drier a layer of soil the less the evaporatl.on.
tise of water from below to supply the loss by evaporation
he surface is due to capillary action, and hence we may
ly designate the capillarity of the soil as oge of the factors
termine evaporation. :

Lhe extent of surface exposed,to evaporation. :
Se two conditions, capillarity and extent of evaporating
¢e, we will consider in their order.

EvAPORATION.

1. Capillarity.

the capillarity of a soil we understand the rapidity with
11t permits water to rise in it to supply a deficiency at any
and 7ot the height to which water will fill its interstices,
there is very likely a relation between the two.
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Most experiments on this subject have been made by allowin
water to rise into a dry soil; but in the first place the adhesioy

of air to the surface of the particles of a dry soil renders the -

value of such results doubtful, and in the second place a knowledge
of the rapidity with which water will rise into the empty intersticeg
of a dry soil is of little practical value since the conditions in nature
are entirely different. There the tendency is simply to preserve
the original distribution of water by a motion through the already
filled or partly filled interstices toward the point from which water
is being abstracted—generally the surface.

In order to get an idea of the capillarity of the soil under nat-
ural conditions we need to determine the amount of water evapo-
rated. This will in most cases be a measure of capillarity since
it cannot evaporate for any length of time faster than it is sup-
plied from below.

If we have a soil subject to no evaporation and in contact below
with hydrostatic water, the water will distribute itself as already
explained. If evaporation begins, two cases are possible.

1st. The amount evaporated is less than or equal to what can
rise through the soil. In this case the moisture of the upper
layers and consequently the evaporation will remain the same.

2d. The evaporation is greater than the amount that can rise
through the soil. In this case the upper layers of the soil will dry
out and the evaporation will consequently diminish till it and the
supply come into equilibrium, and so the evaporation is determined
by the supply and becomes a measure of it.

Sometimes the top of the soil may become air-dry and evapora-
tion take place from a point below the surface. In this case the
access of air to the evaporating surface would be largely decreased
and the evaporation greatly diminished.

The conditions affecting capillarity and hence evaporation are:

a. In uniform soil.—(1.) Fineness of particles.

Non-porows materials.—It is necessary to distinguish between
the motion of water in that part of the soil where the interstices
are full of liquid and the motion from the surface of one particle
to another above the limit of saturation. The former ‘motion is
probably the easier.

' If experiments were made on columns of equal height, the effect
of increased fineness would be two-fold.

93

;-, place the capillary height would be greater and
be a less distance for water to travel on the gurface
deles. This would probably tend to increase the ease
Above the limit of saturation, too, there would be
: g of contact between the particles and very likely the
uld be easier on that account.

cond place, the finer the interstices the greater would
friction below the limit of saturation, this tending to
the ease of ascent.
y there may be a medium fineness which would give the
capillarity. Von Klenze (Landw. Jahrd., 6, 104) says
Dbut his experiments, like most others on this subject,
on dry soils, and are hardly gonclusive even for those.
yer (Landw. Jahrb., 3, 1 94) found that water rose
fine than into coarse non-porous powders.  Von Klenze
, p. 96) found the same. Haberlandt ( Wiss, prak:.
1, pp. 17-20) obtained in general the same result, hut with
ptions. He found that water rose fastest into sand of a
neness, while it ascended most rapidly after the first few
in the finest peat or garden soil. :

Materials.—If the particles of the soil are themselves
ve have a second system of capillary tubes acting to a cer-
1t independently of the interstices between the particles,
ed with a soil of non-porous materials of the same
‘porous would raise water faster because there are more
or the liquid to move in. Mayer (loc. ¢it., p. 196-7) fopnd
true of the rise of water into dry materials,
bh porous substances, the rise of water, especially at a con-
e height, may take place chiefly in the pores of the particles
be so, making the grain finer (which has no effect on the
ald not check the rise of water as making non-porous
.‘ﬁner does, by increasing interstitial frietion. Greater y
of porous particles tends to increase their points of con-
thus far to favor motion of watér from grain to grain,
W has been suggested by Haberlandt (loc. cit.,p. 20). If
tﬁeet,« capillarity in porous-grained soils would increase
ﬁne‘ness of their particles, instead of being greatest at a
| grain, as is probably the case with non-porous materials.
the results of Haberlandt on sand as compared with
garden soil mentioned above indicate this.
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(2.) Zewture of the Mass.

Non-porous materials.—The effect of packing is to make the
pores smaller and so to decrease the space for the passage of Watey,
The effect in general Wpuld probably be the same as that of in
creased fineness, and the capillarity may show a maximum in thig
case also. :

LPorous materials—The chief effect of packing would seem ¢,
be to bring the particles into closer contact and so to render the
passage of water from particle to particle easier, thus increasing
capillarity. If, on the other hand, we cultivate a somewhat stif
- soil when at a certain stage of dryness, we break it up into sma]|
porous fragments, and the mass has less capillarity than before,

Mayer (loc. eit., p. 800) found that water rose fastest into packed
mineral powders except in case of the somewhat porous clay-sand-
stone.

Von Klenze (loc. ¢it., p. 102) found that in quartz powder and
in a “humus lime-sand” water rose faster into the packed than into
the loose material. With a loam he found the reverse, but thinks
this due to the capillarity having passed a maximum at a certain
fineness of the interstices. He made no further experiments on
the latter point. -

Haberlandt (Zoc. cit., p. 17) found that water rose slowest into
packed soil and fastest into loose. |

Nessler (loc. cit., p. 52) found exactly the reverse, both with the
soil in contact with water and after it was removed from it.

He also experimented on evaporation by exposing portions of
wet soil in glass cylinders with no further water supply. Two
series of experiments were made, in one of which the soil was
covered with thin filter paper and in ‘the other was exposed freely
to the air. _

The packed soil evaporated more than the loose, and in one case
was found to be moister at the top and’ drier at the bottom after
the experiment than the loose, showing that capillarity was
increased by packing,

As long as the loose soil was quite wet it evaporated water
faster when covered than the packed. Later, after the upper lay-
ers had dried out, the reverse was the case; showing that the 1083
could not be so easily supplied from below.

The experiments of Wagner (Jakresber. . Agr. Chem., 16 &
17, 1, 56), show also a greater capillarity, as indicated by evap®
ration, in a compact soil, and a drying out of the upper layers gim”

at in Nessler’s experiments. Equal weights and not
hts of soil were used. ' '

(Biedermann’s Central-blatt, 7, 84) found that water
into a compact than into a loose soil. In evaporation
: hté with a supply of water but not at a constant leve.l, he
ai; a compact soil evaporated more water than one with a

r on top.

onditions influencing capillarity, and hence, evaporation,

b. In soil not uniform.—(1.) A loose layer above.

; ler has shown (loc. cit., p. 53), the general opinion that

e soil dries faster than a compact one is not always correct.
“are two processes to be distinguished; in the first place
 the evaporation from the top of the soil, and in the secon.d
from layers below the top. Loosening the top of the soil
the second process by exposing more surface to the air, but
jinder the first process by decreasing capillarity. With
“‘erials, like a sandy soil, cultivation, while increasing the
ight not decrease capillarity very much, and so might
poration.

majority of cases, however, loosening the upper layers
o far as experiments have been made, to decrease the rate
ion by decreasing capillarity. Not only would the
transmitted less readily by the loose portion, but it
s with difficulty from the fine interstices below to the
above.

ing the upper layer would seem likely to affect especially
posed of porous materials, or one which like a clay is
p by tillage into porous fragments, by decreasing the
points of contact.

* (loc. cit., p. 55) found evaporation to be decreased very
loosening the upper layer of the soil, and that the soil
nained moister than when the surface was compact. A
ly loose lost still less by evaporation.

T and Schleh obtained essentially the same results.

- (2.) A compact layer above.

108t common case is the formation of a crust when the sur-
A€ 80il is ““ puddled” by the action of rain. No accounts of
%8 on this point are accessible. It seems probable that
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: ical Baxamination of J)rinking' Waters for Organic
Contamination. 3

tion of officers of the Station was called to this sub-
o following letter, addressed to the Secretary by Mr. J.

the effect on evaporation would depend largely on the texture of
the soil below the crust, whether loose or compact.

In some cases evaporation might be increased, the fine intey.
stices of the crust withdrawing water from the larger ones beloy,
to give it up again to the air; while in other cases evaporatio,
might be checked by decreased access of air, or even by a decreage
in capillarity, owing to over-fineness of the interstices.

“ MippLeTOWN, CoNN., Dec. 26th, 1877.°
' T1. BREWER: '
T write to ask if you can render me any assistance

2. [Extent of evaporating surface. iy sample of well-water for substances deleterious to

In all cases the extent of evaporating surface is an important
factor in determining the amount of evaporation. By evaporat.
ing surface is meant not only the upper surface of the mass of soi]
but all points from which evaporation takes place. In a loose soil
large quantities of water may evaporate at points below the gene-
ral surface of the mass.

Commonly the coarser and looser a soil is, the more surface it
exposes to evaporation. When, after wetting, evaporation begins
anew, a soil of coarse or open texture is likely to lose water more
rapidly at first than one of a finer or more compact quality, but
since the coarse or open soil has usually inferior capillarity it
would speedily dry out at the top and then might lose less water
than a finer or more compact one. This is shown strikingly in
the experiments of Nessler and of Wagner mentioned on p. 94.

The latter found that a loose soil evaporated water rapidly at
first, but that it soon fell below a packed soil, and that as the -
weather grew warmer it evaporated still less, while the evapora-
tion from the compact soil increased ; showing that the capillarity
of the latter was sufficient to supply the increased evaporation
due to a higher temperature, while that of the former was not.

’EY’ neighbors of mine, which have used .water from
e past summer, have been sick /with typhoid fever for
three months, only one person—an infant—out of
- escaped an attack. None have died, and all but one
red convalescent and out of danger. The well which
the family with water was originally dug to supply
, and is still used for that purpose. It has seemed to
that the well may have been contaminated from the
s have originated the fever.”

utive Committee of the Station having decided that
proper subject for investigation, instructions were sent
bbard for taking a sample of water, which was duly
d examined.

of the analysis were communicated to Mr. Hubbard,
lly the following remarks:

¢ has no means of deciding whether a sample of water
phoid infection, nor is the nature of that infection cer-
wn. It is, however, pretty well established that
er results {from a special poison, and is communicated
intestinal evacuations of typhoid patients. What
n do is this, viz: it can show with very great proba-
er a sample of water containg or does not contain
pool, privy, or barn-yard contamination. This is
L by determining the quantities of: 1, total dissolved
ganic and mineral ; 2, chlorine (i. e., common salt); 3,
€€ or as carbonate; and 4, “albuminoid ammonia,”
Mmonia yielded by albumin and various nitrogenous
under certain chemical treatment.®

8 of chemical analysis have been recently so refined that the esti-
16 and ammonia in waters are made with comparatively great ease

delicacy by the methods of Chapman and Wanklyn.
6

e



98

Urine and intestinal evacuations always accompany each Othey |

in privy-vaults, sewers and barn-yards. If blended directly wig,

water they occasion by their decomposition almost immediatq :

formation of free ammonia, and they yield by chemical treatmeng
what is called albuminoid ammonia, in addition. Urine containg
most of the salt (chlorine) of the food of animals. . If, then,

water be free from these substances, or give no greater quantitieg -

of chlorine, free and albuminoid ammonia, than pure waters, the
absence of sewage or privy contamination is reasonably certaiy
If much chlorine be present, but no ammonia, then (unless some

other special source of chlorine be obvious) it is made probable '
that the salts of urine have filtered through the soil into the

water, but that the organic matters, and with them any disease-
infection have been retained or destroyed (oxidized) in the soil,
5o that contamination has not occurred.

It is imaginable that typhoid infection might be separated from

the fecal matters by which it is communicated and be used to make
water poison, which our chemical analysis would pronounce pure,

but the chances of such an occurrence must be regarded as infi-

nitely small. Again, analysis may indicate gross sewage or privy

contamination, and yet the water be free from the specific typhoid :
contagion, and only capable of producing diarrhcea or malarial

fevers, or even be not sensibly deleterious to vigorous constitutions.
The analysis of the water from Middletown is given below, in
comparison with some other waters, pure and impure.

Analyses of Waters.

Grains in U. 8. gallon
=58,372% grs. Parts per million.
Total Free Albuminoid
Solids. | Chlorine, | Ammonia. | Ammonia.
New Haven city water, from Lake
Wl Y.t o s DL T 4to5 |.13 to.22 |.000 to .008| .02 to .033
Thames water, England, where
taken for supply of London _.. .01 to .04 .28
Thames water, efficiently purified
and supplied to London___.__. 15.6 1.20 .00 to .01 | .06 to .08
Thames water, imperfectly purified
and supplied to London.._.__. 15.6 1.20 .03 to .06 | .10 to .16
Water sent by J. M. Hubbard,
Middletown, Conn..._....._..- 4.2 .32 None. .006
Water from well on Howard ave.,
New Haven, very near water-
closet ¢ess-pool. .. -oooao-- 73.8 6.89 .001 .016
Sewage from ditch of Canal R. R.,
New Havenutlil Col et ivse 186 3.4
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figures indicate that the water received from Mr. Hub-
extremely pure. The total solids are unusually small,
orine and ammonia are present in quantities so minute as
lude the idea of any contamination. The water is in fact
in these respects than the very pure water supplied to New
I city.
1 a letter dated Jan. 2d, 1878, Mr. Hubbard gives particulars
ding the well, which has been in use for two and a half
The well stands close upon the highway, between a barn-
now used and an old one for some time disused and filled up
9 or 3 feet, to level the ground. The well is not more than
from the boundary of the barn-yard now used. The well
through 2 to 3 feet of rather heayy loam, and thence
oh some 18 to 14 feet of clayey subsoil, its bottom being
urface of the sandstone rock. The water stands at present
6 feet, and in wet seasons rises to within 2 feet of the

e attending physician does not consider the well to be in
but believes that the fever was brought to the family by
of its members, who had been living away from home for
y a year, and was the first to suffer.

‘has been intimated already, the weight of evidence with re-
o outbreaks of typhoid is in favor of the view that ordinary
drinking waters or in food does not produce that disease,
gh such filth probably predisposes to attack, and may pro-
febrile disturbance. If the sample of water analyzed faith-
Tepresents that which the family have all along consumed,
ts of this case substantiate the doctrine that typhoid is the
of a specific virus, as is known to be the case with small
rlet fever, ete.

purity of water so near a barn-yard is in accordance with
ts of soil-absorption which have been so fully studied of
rs. The clayey matter of soils not only very completely
/es water filtering through-it, of organic coloring matters,
nia, potash, and phosphoric acid,* but a something in the
pidly destroys ammonia and organic substances by oxida-
'he former process of absorption operates most effectually

il has little or no retentive power for lime, soda, chlorine, sulphuric
onic acid and nitric acid, so that common salt, sodium chloride and cal-
8, as well as calcium sulphate (gypsum) and calcium carbonate, are
in the water of wells when abundant in the adjacent soil.
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in clayey or loamy soils. The latter process of oxidation goes o,
energetically in sandy soils. The well in Howard avenue, New
Haven—see table of analyses—is sitiated between two cesspools,
one distant twenty-two feet, the” other eleven feet, horlzontally
The latter has for five years received the water—closet waste of g
small family. The well however is deep, and the liquid contentg
of the cesspool have to traverse diagonally about twenty-two feet
of earth before reaching the well. The water contains abundance
of solids and of chlorine, which evidences the passage of salt from
the cesspool, but the animal matters are effectually destroyed in
the intervening soil, and their nitrogen is converted into harmless
nitrates, which were abundant in the water, though their quantity
was not estimated.

The soil thus purifies impure water which filters through it, buy
there is a limit to its power in this respect, and when the mass of
earth through which the water has to pass is small and the mass
of impurity is large, experience shows that after a time the water
may carry poison with it through a considerable thickness of
earth.

It is especially to be cared for that contamination does not
enter wells at the surface of the ground. Wells situated near

sources of danger from this cause should always be banked up, i

best with clay or clay-loam, so high and so éffectually that no sud-
den rain or flood can enter them from above.

Preparation of Soda-lime for Nitrogen Determinations.

In 1872, the writer found that the mixture of caustic soda and
caustic lime known as “ soda-lime,” which had long been used in
chemical analysis to determine nitrogen quantitatively, might
be replaced by a much more easily prepared mixture of equal
volumes of dry carbonate of soda and slaked lime.
can Chemist, vol. iii, p. 161. On beginning Station work in July,
we experienced difficulty in obtaining carbonate of soda suitable
for this use. The super-carbonate which could be readily dried
contained nitrogen, and the crystals of sal-soda that after washing
were free from nitrogen could not be quickly dried to a fine pow-
der.
effective soda-lime was devised. Equal parts of sal-soda in clean
(washed) large crystals and of good white and promptly-slaking
quick lime are separately so far pulverized as to pass holes of 1's

See Ameri-

After various trials the following process of preparing a7
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1 mixed together, placed in an iron pot which should
» than half filled and smartly heated, at first without
e lime soon begins to combine with the crystal water
: onate of soda, the whole mass heats strongly, swells
2 short time yields a fine powder which may then be.
to effect intimate mixture and to dry off the excess of
' When cold it is secured .in well-closed bottles or fruit

read}’ for use.

se of Iron tubes in Nitrogen Determinations.

ber of comparative trials made in glass and iron tubes,
found that the use of the latter/commonly gives 0.2 to 0.5
of nitrogen than the former. The same deficiency
one combustion made in a glass tube containing a
r of small iron tacks anterior to the mixture. All our
imations are consequently made in glass tubes.

Beet Sugar.

t of sugar production from the beet is one which
re conversant with the facts consider to be highly wor-
e serious attention of farmers and capitalists in the Mid-
England States. Beet sugar industry flourishes in
Austria, Belgium and France, against all competition
1gar cane cultivators of tropical regions, and in spite of
rnment taxation.
C. Humphrey, of Stamford, who has made a practi-
sugar manufacture and refining, and during the last
138 successfully put up and operated an experimental
‘works in New Jersey for Joseph Wharton, Esq., of
, has kindly furnished the following statistics on this
has at my request prepared the subjoined paper,
definite instructions as to the cultivation of sugar
ﬁtatlon 18 ready to assist parties in Connecticut who
experiment in this direction in procuring suitable
undertake to analyze next autumn, free of charge,
; may be produced. Immediate application should
0 the Station by those wishing to secure its covperation
t practical trials of the adaptation of their lands to
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kS.'ugar Statistics. . , Cane. Beet.

In Germany and Austria every 110 pounds avoirdupois of beetg 1,700 lbs. at 8 cts.=$136 2,400 1bs. at 8 cts.=$192.00
pay shout nineteen cents tax. In France 114.4 pounds sugar 75 galls. at 28 cts.= 21 4.00
(=2,200 pounds beets) pay $2.66 tax. The annual production of (root.pulp, cattle-food) 3.7 tons at $5 — 18RO
beet suigar in Europe is as follows: and tops, : 5.00

German Empire ... ____:...............346,666 tons. ) 4.00
Brihce . - i S BACa e o 0 0 R A6DID69 - A

A $157 $223.50
Russia and Poland .. .. ... .----...-..-245,000 , 3

; i production, 60 49.00
Anstria and Hungary.............--..--153,922 B facture 35 100.00
Dol tan . 2ol suniibu A ok 79,796 i ; :
Holland’ and elsewhere ... - .. oooo .- 30,000 $95 ) ' $149.00

$62 $74.00

Total boet sugar ... ... .i.ooo.o-... 1,817,000 ¢ 4 /
The totallicane eropis L Lalizn L o lnay 2,140,000 “
Gl talal s e T SRR, CunrivatioNn oF THE Suear Brrr. By Hexry C.

a7 HumprrEY, Esq., of Stamford, Conn.
In 1874-5 the average prices in Germany were, for new sugar Aoy ;

six toseven and a half cents, for better grades of refined sugar
eightand four-fifths to ten and two-fifths cents per pound. The
quotstions in American markets, February 1st, 1878, were, for raw
sugarsix and a quarter to eight and a quarter, for refined seven and
a quater to ten and a half cents, notwithstanding a considerable
decline within nine months, so that beet sugar is not more costly
in Ewope than cane sugar is with us. In fact, beet sugars have
been imported to some extent into the United States of late years. -
The consumption in this country during 1876 was—

cet, from which sugar can be profitably extracted contains

per cent. of sugar. Kighty per cent. and over of the total
ontents of the juice should be sugar. A beet of this quality

ually long, smooth and tapering in form, grows very much

st ground, weighs from one to two and a half pounds, and dur-

e season of growth has a large number of healthy leaves.

) obtain such a beet, the following conditions should be

ed:

absolutely necessary to have reliable seed. Deep tillage is

nsable, in order that the beet may easily force its way into

(a f foreig 1005 e S ; .
“ne su‘g‘ar ?‘ lf:;:egn pl‘Od‘l‘lctIOIl 53;’:’;3; t(z‘ns h. Beets should be placed at the proper distance, that
L A A 13’000 i 1ay obtain sufficient nourishment from the soil and yet not
i el b niain b e en s ot ot 2 uch. Beets weighing over two and a half pounds are

/ poor in sugar. Lime has always been found in good beet
- Fresh nitrogenous manures have been shown to cause a
in the amount of sugar. Beets succeed best after a well
crop of rye, wheat, “corn, ete. A rotation of crops is
, beets being planted every third or fourth year. Pot-
ts and phosphates appear to exert a beneficial action upon
oduction of sugar.

Te can be no fixed rules laid down as to the best method of
ation. In each locality there must be a variation induced
ferences of climate, soil, etc. Each farmer must use such
4 as his farm will allow, to bring about the desired result.

The average annual cost of our imported sugars at ports of
shipment for five years (1871 to 1876), was $89,400,000 gold; to
this must be added ten per cent. for cost of shipment, making 2
yearly expenditure of nearly $100,000,000.

The comparative cost of producing cane and beet sugar, under
favomble circumstances, is given by Mr. Humphrey, as follows)
per aere :
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The following are some general directions as to the proper method
to be used :

Select a well cultiv ated light, sandy loam, with a permeable
subsoil.  If possible, choose land which has been well manureq
the year preceding and on which a crop has been grown. This
should be plowed in the autumn, and if the land is heavy the fur-
rows should be exposed to the action of the frost. Plow as
deeply as the nature of the soil will allow. The Germans often
plow to the depth of eighteen inches. In the early spring broad-
cast two hundred. to three hundred pounds of sulphate of potash,
and five hundred pounds 6f some good phosphate to the acre,
Plow, harrow and roll the ground.

The planting of the seed should take place as early as possible
after the frost is out of the ground, about the first of May. Sow
the seed at a depth of three-quarters to one inch, in rows of from
two feet to two and a half feet apart, according to the richness of
the ground. Fifteen pounds should be used per acre. After the
plants ave of sufficient size they should be thinued out so that a
space of five, six to ten inches separates them.

Keep the weeds down by continual cultivation until the beet is
of such size that it cannot be injured by their growth. Hoe the
earth around the top.

About the middle of October the leaves turn yellow and flabby,
and are ready for harvesting. Before the heavy frosts, the leaves
should be cut off and the roots buried. Six or more beets repre-
senting an average of the crop, should be wrapped-in paper and
forwarded for analysis.

Full information should be sent in on the following points, viz:

1. Condition and quality of land. What and how large crops
have been raised during the last two years. What manures were
used ? ;

2. When was seed planted ?

. How were beets cultivated ?

‘When harvested ?

Weight of crop, without the leaves ?

. Amount of land planted ?

. For how much could an acre of such beets be raised ?
- The time of the first killing frosts.

. Number of days on which rain fell.






