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REPORT

OF THE

1

SECRETARY OF AGRICULTURE.

DEPARTMENT OF AGRICULTURE,
OFFICE OF THE SECRETARY,

. : Washington, D. C., October 25, 1890.
To the PRESIDENT: \

I have the honor to submit my Second Annual Report as Secretary .
of Agriculture.

I deem it to be my first duty in making this report to congratulate
you and the country at large upon the generally improved outlook

‘in agricultural matters. At no time in the history of -this country
has there been so much agitation among the farmers as a class as
during the period which has elapsed since I had the honor to submit
to you my first report. The causes of this widespread agitation have
been so varied and so numerous that to attempt to specify them all
wonuld be as tedious as it would be unnecessary in a report of this
character. I will only refer to such of the most prominent causes

" as for various reasons seem to require special mention here.

' Naturally the first place in this brief enumeration belongs to a de-
pressed condition of agriculture prevailing at the time that you as-
sumed office, the result of a slight but steady diminution of the prices
of most of our staple agricultural products, a reduction which had
been going on for some years, and which, therefore, has amounted
in the aggregate to a considerable percentage of the average crop
values. Severely as such a depression must necessarily have been
felt by a class who measure even their prosperity by ‘a very moder-
ate standard of profit, it has not been without its good results.

The attention of the country was thoroughly awakened tothe farm-
er's condition, and agricultural matters were very properly made
the subject of special consideration by Congress. The subject was digs
cussed in the press, the views of the farmers themselves were made -

‘ N
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known, and it is gratifying to be able to point out that to-day the
cloud which for some years seemed to rest gloomily upon American
agriculture has been lightened, while the wise economic legislation.
already secured holds out still brighter promise for the future. As

an earnest of this statement, I subjoin a brief table, showing prices -

of some of our staple agricultural products to-day and a year ago.

*Prices of leading agricultural products at Chicago, October 18.

Articles. 1889, 1890.

..} $0.30F to$0.31 | $0.50t0 $0.50%
0....f . %ﬁ 813 1,00 1.00%

cie .18% . 191 42 .43
cee .63 _— .78 —_

xseed 1.27 1,274 1.45% 1.46
Buckwheat ...... do .88 - 45 .55 .65
Hog8. i vuiiseuuan ..per 100 pounds 3.85 4.20 3.85 - 4.50
Cattle, choice .. e eeeeeetereeeeiea it do 4.00 5051 4.9 5.3
Sheep, WESLOITL - oenve e vees s s e e do....| 850 4.20 8.00 4.60

- The recent legislation lookmg to the restoratlon of the bimetallic
standard of our currency, and the consequent enhancement of the
value of silver, has unquestionably had much to do with the recent
advance in the price of cereals. The same cause has advanced the
price of wheat in Russia and India, and in the same degree reduced

- their power of competition. English gold was formerly exchanged

for cheap silver, and wheat purchased with the cheaper metal was
gold in Great Britain for gold. Much of this advantage is lost by
the appreciation of silver in those countries. It is reasonable, there-
fore, to expect much higher prices for wheat than have been received
in recent years.

In my last report I ventured to appeal most earnestly for a larger
measure of tariff protection for the farming industry. ‘For all
such articles as our own soil will produce, the farmer justly asks that
protection which will insure to him all the benefits of our home
market.” Such was the language with which I concluded my-appeal -
onhisbehalf. Iamthankfultosaythatithasbeenina verylargemeas-
ure heeded; and, admitting to the fullest extent the place to which
‘natural causes are entitled in assigning reasons for the higher prices

. now prevailing for agricultural products, it is impossible not to see

the beneficial influence of the tariff protection awarded to the farmer
under the present law. A comparison of the duties under the pres-
ent law on some of the agricultural products héretofore imported in
considerable amounts with the rates of duty imposed on them under
the old law will illustrate this in a stmkmg manner,
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Agricultural imports, fiscal year ending June 30, 1890, with change in tarif duties,

Value. - | -~ 0Old duty. New duty.

Animals and animal products : !
CaBIB . .eereereereeieennreneeeeneeens $244,747 | 20 per cent.ad val.| { JTer one year, §10,
HOFSeS. .. civiviieaaannaadannes wedianaaaas 4,840,485 | 20 per cent.ad val.| $30, or 30 per cent. if
: value over $150,
131 TET )+ T 1,268,209 | 20 per cent.ad val. { 8;?11;1? ggg ;%ra:r;slsoﬁ() 75,

6c. per lb, .
.} 8c. per dozen.

Class'1 (above and below 30c. per 1b.) .| 11 cents.
Class 2 (above and below 30c. per 1b.) .| 12 cents.

Class 3 (above and below 12¢.per 1b.))............ gjc.and5c......... { O e oL B Dt
Flax . ..iiiiiiiiiiiiaaaas Ceeeeeserceectnianad ) 2,188,021 .

.| le. perib.

.! 8e. per 1b.

.| ljc.perlb.
30c. per bush.
$4 per ton.
.| 15¢. perlb,

"'5,699, 845"

...| 1,053,818
| 17. 605, 192

Unstemmed (lea,f) .| 75¢. per 1) er Ib.
Stemmed (leaf) .. .. .J $tperlb.. 5 per 1b. I
Allother ................. ... 3. per b %";fsmﬁmedm ]m&,“” Do .
PObAt0ES .ttt iieiriiioniiiere e iinian ..| 1,865,808 | 15¢. perbush...... 25¢. per bush.
WHDES tvviaevaieiaenuennnenncansnnsseneinn 8,859,956 | eeveieriaieianaiann
Champagne : .
- Bottles between Eint and quart ..... .| $?perdoz... .1 $8 per doz.
Bottles between half pmt and pint,. .. . g per doz.
Bottles less than half pint . per doz.

‘We have a strdfig assurance in the recent increase of values of meat
products, and the circumstances which now environ production, of
continued prosperity of stock raising. New industries now in process
of development will increase the ability of consumers to purchase
meats; and better protection of wool will open larger domestic mar-
kets, as it has already advanced prices. There is an increasing inter-
est in the production of mutton in the central West, and of early
lambs in the populous East, indications of progress that promise
increase-of profit in sheep husbandry. Of chief jnterest naturally to
the stock raisers of this country are the export trade in animals and
their products, and the possibilities of still further relieving our home
markets of these products by extending our markets abroad.

THE EXPORT TRADE IN ANIMALS AND THEIR PRODUCTS.

Step by step as it were with the vigorous prosecution of the work.
of exterminating pleuro-pneumonia and controlling Texas fever, and
with a more general appreciation of the benefits derived from a judi-
cious exercise of the powers conferred on this Department, we find a
gratifying improvement in the export trade in live animals. The
total value of animals and fowls exported for the fiscal year ending
June 30, 1890, was over $33,000,000, an increase of some‘chmg over

$15,000,000 as compared with the year previous. The increase in the
number of cattle was from 205,786 in 1889 to 894,836 in 1890, while .
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the number of hogs exported increased from 45 128 to 91, 148 over
100 per cent. In horses there was a slight reduction of exports far
more than counterbalanced, however, by the large increase in the
number of mules exported. In the number of sheep exported .there

' -was a decrease.

A very large increase is shown in the export tra.de in beef a.nd hog
products, while in dairy products the export trade in b1_1tter ‘was
especially gratifying, the figures for 1889 being 15,504,978, and in 1890
29,748,042 pounds.. The increase in the value of meat and dairy prod-
ucts exported between 1889 and 1890 was over $32,000,000. At atime
when our domestic markets are overcrowded with animals and their
products, this increase in the export trade ig very éncouraging. The
prices realized abroad have as a rule been good, and but for the un-
just restrictions placed upon both animal and meat products abroad,

_the increase in the amount exported would have been much greater,
Experimental shipments of cattle to Germany and Belgium were
made during the year with favorable regults, but excessive.duties
and the quarantine restrictions which were immediately imposed at
once destroyed this trade. A careful review of the trade shows how
urgent it is that we sBould secure more favorable regulations in the
chief European countries in regard to our exports of animals and
animal products. The first step towards the accomplishment of this -
object was necessarily to secure as far as possible the absolute im-
mumty of our own cattle from digease.

ERADICATION OF PLEURO-PNEUMONIA,

The regulations for the eradication of contagious pleuro-pneumonia
have been vigorously enforced during the entire year, and rapid prog-
ress has been made. In New York no cases have occurred during
the year ending June 30, 1890, except on Long Island. There have .
been no cases in Maryland since October, 1889. Pennsylvania has
remained free from the disease during the entire year. In both Mary-
' land and Pennsylvania constant inspection has been maintained and -
the complete eradication of the contagion thereby assured. During’
the two months of May and June, 1890, but 18 affected animals were
purchased in the whole infected district ag compared with an average

" of 714 per month during the preceding ten months. At this writing
it would seem that the disease is practically banished from American
goil, though the length of time which has elapsed since the last case
of the disease was noted by the inspectors has been hardly sufficient
to warrant a formal official declaration to this effect,

INSPECTION IN GREAT BRITAIN.

The vigor with which the work of exterminating pleuro- pneumonia
was carried on would nevertheless, as far as our export trade was con-
cerned, have been compa.ra.tlvely ineffectual unless suﬁulta.neously :
- with its eradication in this country we were able to convince Great
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Britain and other Kuropean governments of the progress made in
ridding the United States of this disease. . Early last winter, there-
fore, I solicited the aid of the State Department in opening negotia-
tions through Minister Lincoln with the British Government, look-
ing to an arrangement which I deemed extremely desirable with a
view to putting an end to the frequent allegations that cases of con-
tagious pleuro-pneumonia ex1sted among American cattle shipped to
British ports.

The circumstances under which these allegations were made con-
vinced me of the absolute necessity that this Department should be
represented at the inspections made of our cattle on landing in Great
- Britain. Thanks to the cordial co-operation of the State Department
and the intelligent activity displayed in the matter by Minister Lin-
coln, Ifinally obtained the privilege of appointing veterinary inspect-
ors representing this Department, to be resident in Great Britain,
who were to be allowed every facility in participating with the Brit-
ish inspecting officers in the work of inspecting American cattle
landed in British ports. As soon as this privilege was secured I
appointed three competent officers for this responsible duty and dis-
patched them to Great Britain in charge of the Chief of the Bureau
. ot Animal Industry, Dr. Salmon, who remained with them until their
duties were clearly defined and the best means decided upon to enable
them to carry on their work effectually and in harmony with the British
authorities. This transatlantic inspection has been in force for the
past two months, and I am happy to be able to state thatsinceit was
instituted not a single case has been reported of contagious pleuro-
pneumonia among American cattle landed in Great Britain. Indeed,
I am now informed that not a single case has been reported by the
British authorities themselves since March last.

At the same time that I presented this matter to the attention of
the Secretary of State I also placed before him facts bearing upon
our meat export trade, showing conclusively the utterly groundless
nature of the charges made by other European governments in’
regard to the unwholesomeness of our meat, but especially of our pork
products. Iam happy to state that this matter was taken up by the
State Department with the same cordiality that characterized its

action in regard to our export of live cattle, and that the facts sup-
plied by me to that Department were laid beforethe foreign govern--
ments by our respective ministers so clearly and with such force as
will, I am sure, carry considerable Welght in the further considera-
+ tion of this subject by the governments in question.

~ INSPECTION OF EXPORTED ANIMALS.

The act of August 30, 1890, provides for the inspection of all ex-
ported cattle, sheep, and swine. The amount of work required to
accomplish this is indicated by the fact that during the year ending
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June 30, 1890, the number of these animals exported was as follows:
cattle, 394,836 head; hogs, 91,148 head; sheep, 67,521 head. Rules
and regulatlons for thls service have been prepared and the inspec-
tion is now being made. The necessity of this inspection is shown
by the exclusion of American cattle, sheep, and swine from
European markets on the plea of the danger that disease will be in-
troduced by them. ‘While thisinspectionalonemightnotbe accepted

as in all cases giving a complete guaranty against the appearance -

of disease during the voyage, it is an important step in this direction,
and will give us the means of knowing officially the condition of the
animals as they leave our ports. In connection with the inspection
recently established by me at the foreign animal wharves of Great

Britain, it will also enable us to trace back animals which may be -

found affected there, so that the nature of their malady may be

determined, and if found contagious the proper measures will be ‘

enforced for its eradication.
REGULATIONS REGARDING TEXAS FEVER.

" The regulations regarding Texas fever, which went into effect on
March 15, though carefully formulated so as to allow the free move-
~ ment of Southern cattle to market, have been on the whole well ob-
served, and the result has been a marked decrease in the number of
cases of Texas fever occurring on farms, in stock yards, or on vessels
carrying export cattle. One of the largest buyers and exporters of
cattle in the United States reports that, whereas a year ago he dared
not buy cattle for feeding or export in the stock yards, but was
obliged to go to the farms where he could get evidence that they had
not been exposed, this year, on the contrary, he has purchased such
animals at the stock yards without fear. Last year his losses from
~ Texas fever, in spite of his precautions in buying, were considerable;
the present summer he has not lost one from this cause. He further
states that, owing to the immunity from this disease, insurance rates
have been reduced from $8 to $3.50 on every $100 worth of cattle,
this alone representing a saving of over a million dollarson export
cattle.  Owing to lack of authority under existing laws, I have, how-

ever, been unable in some cases to enforce these regulatlons, and’

there is at present no penalty which- can be applied in such cases.

- Owing to such disregard, some eases have occurred of Texas fever

imparted to valuable thoroughbred cattle, and these have since died
from the effects of the disease.
Proper facilities for separating the two classes of cattle are still

lacking at the ports on the Atlantic seaboard, and as a consequence )
the disease has occasionally appeared among export cattle on their

voyage to foreign countries. The influence of this upon the trade is
very bad. It is béing cited in Great Britain as affording good reason

for their continuing the prohibition of the introduction of live cattle
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from this country. Amplepower to compel immediate remedy of this
condition of things is therefore urgently needed. If the regulations of
this Department can be properly enforced, the appearance of Texas
fever in this country outside of the affected areas will be very rare,
and not a single case should occur among cattle after leaving our
ports. I have therefore suggested amendments to the act establish-
ing the Bureau of Animal Industry, which are now pendingin Con-
gress. If enacted, these will fully provide for the prevention of the
spread of this and other communicable diseases of animals from
State to State or from the United States to foreign countries. These
amendments are essential to rendering the work of this Department
effectual. If there is to bé control of animal diseases at all, it must
be so thorough as to prevent their spread, and thus remove foreign
objections to our cattle and meats, give confidence to stock owners
and shippers, and secure full protection to farmers.

INSPECTION OF PORK PRODUCTS.

It is with great gratification that I have assumed the duties im-
posed uponme by the passage of the act of August 30, 1890, in which
provision is made for the inspection of salted pork and bacon. The
unjust war waged upon our pork products by some of the European
governments rendered this provision absolutely necessary as a pre-
liminary step towards any action looking to a removal of the obsta-
cles which now impede our export trade in these products. The
absence of inspection on this side provoked an argument on the part
of the representatives of for eign governments, to which we were
really not prepared to reply. It was that no inspection being held
by ourselves, while a rigid inspection was conducted by them: of

* American pork products landed in their countries, they were in a - -

" position to know better than we ourselves the actual condition of
these products. The present law will enable us 'to warrant the
wholesomeness of our pork products under the seal of official inspec-
tion. Having then satisfactorily established the injustice of these
foreign discriminations, we shall be in a position to demand their
withdrawal, or at least to insist upon a retraction of all charges
made on the ground of unwholesomeness or impurity.. Armed with
a certificate of inspection guarantying wholesomeness on the one
hand, and with the retaliatory clause wisely interpolated in this law
on the other, we shall, it seems to me, be in a position to provide
powerful support to further diplomatic negotiations on behalf of
American hog products,

MEAT INSPECTION.

In my report of last year I urged the gfeat desirability of ‘a na-
tional inspection of cattle at the time-of slaughter, and also an
inspection of meats, which would enable this Depal tment to guaranty
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that the animal products exported from this country were unta,inted
by disease, and which would reveal at once the presence of any dis-
eases affecting our meat-producing animals. The call for such in-
spection was not because of ‘any unusual prevalence of disease, gince
- the animals of the United States are probably at present more exempt
" from such influences than those of any other nation, but because of
the unfounded statéments of disease which have been made the pre-
-tense for the restrictions and prohibitions which the governments of
other countries have enforced against our animals and their prod-
ucts: None of these restrictions upon the sale of our meats have been
removed, and it appears from the statements of shippers, confirmed
_ in some cases by the reports of our consular agents, that there iz a
tendency to make them more stringent and irksome. It is suffi-
ciently evident that any assistance which the Government can
properly render to such trade, at a time when our home markets are
overstocked as at present, should be freely accorded.
A bill providing for a general inspection law of this character was
passed by the Senate September 18, 1890, and has been referred to

the Committee on Commerce of the House of Representatives. This:

~ bill provides for all necessary regulations, and if passed will enable

the Secretary of Agriculture to cause the inspection of animals and

\ meats at slaughter, and to give a guaranty of their wholesomeness

and freedom from taint of every kind. Such a law is urgently
needed and should be enacted without delay.

'QUARANTINE AND INSPECTION OF IMPORTED CATTLE.

Regulations for the quarantine of neat cattle from the countries
-not located. on the American continent continue to be enforced. The

period of quarantine—three months—is regarded as amply sufficient

under the regulations to prevent the introduction of disease; and no
additional restrictions will be imposed, notwithstanding the fact of

the restrictions imposed by Great Britain on cattle from this coun-

try, and the further fact that pleuro-pneumonia is much more preva-
lent and widespread in Gireat Britain than it ever was here.

There has long been danger of the introduction of foot-and-mouth
disease by the importation of sheep, swine, and other susceptible
animals that have heretofore been allowed toland without either
quarantine or inspection; indeed, this disease has several times been
brought to this country by cattle from (Great Britain, but it has for-
tunately been detected in time to prevent its dissemination here.
Notwithstanding this fact, our sheep have been excluded from Great

Britain for more than ten years, owing to the alleged existence of -
this disease in the United States, where it is never seen except: in

British cattle that were affected before landing.
~I'have concluded that the adoption by this Department of regula-
tions for quarantine and inspection of all neat cattle, sheep, and other
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ruminants, and all swine imported into the United States under the
authority given to me by the act of August 30, 1890, is necessary for
the full protection of our own live animals. Regulations have ac-
cordingly been perfected to carry this provision into effect, and it is
believed that the result will be not only to fully protect our herds
and flocks, but, in view of the assurances to that effect secured from
the British authorities, that it will moreover result in the revocation
by the British Government of the regulation excluding our sheep
from Great Britain. This inspection and quarantine of all cattle,
sheep, and swine imported into the country will add seriously to the
work of this Department. During the twelve months ending June
30, 1890, cattle were imported to the number of 30,695; sheep to the
number of 393,794; but the figures of the Bureau of Statistics of the
Treasury Department fail to give the number of swine imported.
Increased duties levied under the present law will no doubt greatly
diminish the number of animals-imported, although during the year
just mentioned 8,935 head of cattle and 16,303 head of sheep were
admitted duty free, on the ground that they were imported for
breeding purposes.
" In this connection I would point out that the average value of the
10,865 horses imported for breeding purposes during the year was but -
$270 each; that the cattle imported for this purpose averaged but
- $18.60, and the sheep but $7.26, showing conclusively that by far the
greater number of these animals were not of such a character aswould
improve our native stock, and that they could only be sold in compe-
tition with the animals produced by our own farmers. The new law
provides ¢ that no such animal ‘shall be admitted free unless pure
bred of a recognized breed, and duly reg'istered in the book of record
established for that breed.” This wise provision will no doubt re-
strict the importation of animals free of duty to those which have
special merit and which will prove beneficial to the agricultural
interest.
THE SUGAR INDUSTRY.

Encouraging progress has been made within the past year in the
development of an indigenous sugar industry. Under the impetus
given by the investigations of this Department, improved processes
of manufacture have been intyoduced on many of the more promi-
nent plantations of Louisiana. In Florida large tracts of swamp
land suitable for the cultivation of sugar cane have been reclaimed,
and the culture and manufacture of cane have already been -begun.
In Nebraska a large beet-sugar factory, capable of using 300 tons of
beets per day, has been erected with the best approved modern ma-
chinery, and is now in successful operation. The finest quality of
granulated sugar is produced, which finds a ready local market, thus
avoiding all expenses of transportation to and from a distant refinery.
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A careful study of the soil and climatic conditions of the country
favorable to the production of sugar beets has been made, and those
localities in the United States best adapted for this purpose have been
pointed out. This area includes a zone of territory extending from
the Atlantic to the Pacific, with a breadth of from 100 to 200 miles.
It includes parts of the New England States, Northern New York,
Northeastern Pennsylvania, Northern Ohio, Indiana, Illinois, Wis-
consin, Southern Iowa, parts of Nebraska and the Dakotas, and large
portions of the Rocky Mountain plateaux and of the Pacific slope.
Within these areas it is confidently believed—and this belief has been
verified by actual production of good beets—will be found an ade-
quate acreage for the production of sugar on a large scale, and from
beets as rich as can be grown in Europe. It is not an idle prophecy
to speak of the production of a quantity of beet sugar in the near
- future sufficient to supply one half or more of all the sugar consumed

in the United States.

The investigations in sorghum culture have also been Vlgorously
‘prosecuted, and the Department will soon be ready to offer to the sor-
‘ghum growers of the country a few varieties of that plant which

have been already developed to a high degree of excellence as sagar
. producers. - At least one sugar factory in Kansas has been operated
" the present year with profit to the owners, with an output of three
quarters of a million pounds of sugar, demonstrating that with the
~ best agriculture, the best soil and climate, and the best machmery, :
sorghum sugar may be made at a profit.

- Under the fostering provisions of the new tariff bill, it is believed
that the patient and laborious investigations of the Department will
soon bear fruit and result in the production of our sugar at home.
To further secure this end I have established three special experi~
mental stations for the scientific study of the problems underlying

“the promotion of an indigenous sugar industry; one each for sugar
cane, sorghum, and the sugar beet. Through these stations #he
farmers of the country will be taught the principles of the successful
growth of the plants producmg sugar, and the manufacturer the best
methods of securing in marketable shape the products of the fields.
‘With the administrative changes in the tariff law which I recom=
mend, it is my sincere belief that the efforts of this Department to
secure home sugar for home consumption will prove successful.

EFFECTS OF RECENT LEGISLATION,

It becomes my duty to call attention in this report to certain pro-
visions under the tariff law which went into effect on the 6th instant,
relating to the bounties on sugar from beets, sorghum, or sugar cane
grown within the United States. Under Schedule E, paragraph 231,
it is provided that the bounty on sugar, according to the polariscopic
test, shall be paid “under such rules and regulations ag the Commis-
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sioner of Internal Revenue, with the approval of the Secretary of the
Treasury, shall prescribe.” Paragraph 232 provides that to the same
officer, namely, the Commissioner of Internal Revenue, sugar pro-
ducers shall give due notice as to the place of production, equipment,
and an estimate as to the amount of sugar they propose to produce
in the current or next ensuing year, and that they shall furthermore
apply to the Commissioner of Internal Revenue for alicense, accom-
panied by a bond. Paragraph 233 provides that the Commissioner
of Internal Revenue shall issue such license; paragraph 234, that no
person not so provided with a license, etc., can receive bounty, and
that the Commissioner of Internal Revenue, with the approval of the
Secretary of the Treasury, ¢ shall from time to time make all need-
ful rules and regulations for the manufacture of sugar from sorghum,
- beets, or sugar cane grown within the United States, or from maple
sap produced within the United States, and shall, under the direction
of the Segretary of the Treasury, exercise supervision and inspection
of the manufacture thereof;” and so on throughout the entire Sched-
ule E, relating to sugar, does the law provide that the entire regula-
tion and pontrol of sugar making in the United States shall devolve
upon a sybordinate officer of the Secretary of the Treasury. ,

It seems impossible that the law should have been so drafted, save
by an oversight. The entire work relating to the development of
the sugar industry in the United States, from the chemical super-
vision of 'sugar making established in Louisiana to the sorghum and
beet-sugar experiments throughout the country, has been, from the
first, part of the work of the Department of Agriculture, under the
special supervision of its chief chemist. . Under the direction of this
officer there have been issued from time to time bulletins of the
utmost importance to both growers and manufacturers. - They are,
indeed, the only official sources of information relating to this im-
portant industry issued by the National Government; and during the
1 session of Congress a special appropriation was made by that
body of $50,000, to be expended through the Chemical Division of
this Department under my direction, in promoting the cultivation
of sugar-making plants and the manufacture of sugar. Moreover,
the very essence of the supervision necessary, with a view to an
equitable award of bounties, namely, the testing of the sugar by the
polariscope, is a strictly scientific operation, coming within the
sphere of the Chemical Division, and one with which a considera-
ble experience has made the chief and his assistants thoroughly
familiar, o

If it is really the intention of Congress to withdraw the “super-
vision and inspection ” of the sugar industry from this Department,
such intention should be formally expressed, and the efforts of this
Department in relation to this important matter, involving the

AG 90——2
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expenditure of much_time, labor; and money, must be restricted to
such lines of labor and investigation in connection with this indus-
try as relate directly and exclusively to the sphere of the tiller of the
soil. Tt is perhaps not generally understood that heretofore all the
scientific supervision of work done in the various manufactories of
sugar throughout the country has been exercised by the Chemical
Division of this Department. Officers of this division have been
detailed by me for this purpose, and a number of them are so
engaged under my orders at the present time. It is unquestionably
duse to this Department to recognize the fact that whatever improve-
ment has been made in methods of sugar manufacture, and what-
ever progress has been accomplished in the development of the -
gorghum and beet-sugar industry, has been due to.the scientific
‘investigations conducted under its auspices and the practical appli-
‘cation of the results under the supervision of its officers.

Again, under free list, paragraph 482. provides that ‘‘any ani-
mal imported specially for breeding purposes shall be admitted
free.” It is further provided, in accordance with a suggestion of
my own, that no such animals shall be admitted free unless pure
bred, of a recognized breed, and duly registered in a book of record
established for that breed. The provisions referred to are followed
by the statement that ¢“the Secretary of the Treasury may prescribe
such additional regulations as may be required for the strict enforces-
_ ment of this provision.” Kven before this Department was an exec-
" utive department of the Government, its Bureau of Animal Industry
had supervision of the importation of live animals into this country,
and the head of the Department was held responsible in matters of -
quarantine of live animals, and for the supervision of the live-stock - -
industry and the contagious diseases of animals. Recent legislation
enlarges the powers of this Department, lodging in the hands of the
Secretary of Agriculture the control of all importations of aniaﬂs,
whether free or dutiable, imposing upon him the duty of inspectthg
the same, as he is charged also with the duty of regulating the inter-
state commerce in live animals and the proper inspection of all live
animals exported. :

Under those circumstances, the provision I have quoted, making
it the duty of another officer to prescribe regulations for the enforce-
ment of the provision admitting animals free under certain condi-
tions, is incomprehensible to me. In section 20 of the said law itis
provided— ‘ ‘ ‘

That the operation of this section~

Prohibiting the importation of neat cattle and hides of neat cattle
from any foreign country-— ;

shall be suspended a8 to any foreign country or countries or any parts of such
country or countries, whenever the Secretary of the Treasury shall officially deter-
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mine and give public notice thereof, that such importation shall not tend to the
introduction or spread of contagious or infectious diseases among the catile of the
United States, and the Secretary of the Treasury is hereby authorized and empow-
ered, and it shall be his duty, to make all necessary orders and regulations.

Inasmuch as there is no officer of the National Government whose -

duty it is to have authentic information as to the existence of dis-
eases among cattle in foreign countries and as to the contagious or
.infectious character of such diseases, and the probability of the intro-
“ duction or spread thereof among the cattle of the United States,
save only the Secretary of Agriculture, the provision in gquestion
which makes it the duty of another officer to declare officially as to
such facts is, to say the least, an instance of glaring inconsistency in
the law. . ‘
REORGANIZATION.

The act providing the necessary appropriations for carrying on the
work of this Department became a law but a few months ago, and
until this was done I was naturally much hampered in my efforts to
carry out fully and thoroughly the measures indicated by me in my
last report as essential to an efficient reorganization of the Depart-
ment. During the past winter and spring I was obliged to do the
best I could in this direction under these discouraging circumstances.

Since the 14th of July, when the appropriation act became a law,
I have, with such appropriations as Congress saw fit to place at niy
disposal, pushed the work of reorganization with all possible energy.
Under that act several new divisions were created, but as the work
for these divisions had already been duly considered and carefully
outlined; and as the persons designed to take charge of them were
already in the employ of the Department, their reorganization was
effected, I may say, immediately on the passage of the law.

A review of the work of the several divisions, which T now have
the honor to lay before you, indicates the activity and energy with
wilch _the work of the Department has been pushed; and with a
well-deserved tribute to the intelligence and good will exercised by
all the members of my large force, in the performance of the duties
assigned to them, I will now call your attention to the most salient
features of the work of each division.

BUREAU OF ANIMAL INDUSTRY.

. I have already alluded in this report to the exercise of the admin-~
irtrative powers of this Bureau and the generally satisfactory results
which have followed, as well as to the additional powers which are
in my opinion needed to make the work absolutely efficient.

INVESTIGATION OF DISEASES.

The scientific investigation of the communicable diseases has been
carried on for the purpose of elucidating the many points in connec-
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tion. W1th the cause and nature of these maladies which must be
understood before they can be economically prevented or eradicated.
The diseases to which most attention has been given are hog cholera
~and Southern fever of cattle. ‘'With both, discoveries of great
importance have been made which are not only of value from a
scientific point of view, but which promise important results in the
- way of prevention and treatment, and will accordingly be treated at
length in the report of the Bureau of Animal Industry. »
A thorough knowledge of animal plagues is becoming more and
more necessary, both because of the great increase in the number of
animals in the country and the multiplication of the transportation -
routes by which contagion may be carried, and also because of the
. recent legislation already mentioned looking to a Government guar-
anty that the animals shipped abroad and those from which our
meat products are obtained have been unaffected by disease. The
excellent results which have already been reached with pleuro-pneu-
monia and Texas fever demonstrate the possibility of controlling
and even eradicating the most virulent diseases when our knowledge
of them is sufficient to indicate the proper measures. That the

most destructive 'diseases of swine and other animals will be ulti- -

mately controlled or eradicated is almost certain, and to hasten this
result the scientific investigations should be maintained and made
" more comprehensive,

A short time ago, I regret to say, there was an announcement
made under the authority of a State official, referring toan outbreak
in a Western State, which was characterized as ‘ foot-and-mouth
disease.” Issued under such auspices it was given extensive pub-
lication, but fortunately my atténtion was called to it at the start,
and I immediately telegraphed the governor of the State in question,
requesting him to do all that was in his power to repress the spread
of a rumor which I felt sure must be groundless, and announcing
my . intention to have the matter immediately investigated P a
competent authority. I at once dispatched one of our veterinary
inspectors to the spot and received from him a report confirming my
anticipations to the effect that it was not the disease known as
¢ foot-and-mouth disease,” and, furthermore, that it was not a con-
tagious disease at all. Immediately on the receipt of this reassur-
ing report, I cabled the facts to our consul-general’s office in London,
in order that he might make it public there, the unfortunate rumor
to which I refer having already been reproduced in British journals.

I desire to emphasize here the danger of giving out statements of
this kind without a thorough investigation. Immediate communi-
cation with this Department will always find me willing' to co-oper-
ate in an investigation of this kind, and, until the exact facts are
ascertained beyond a doubt, no statement alleging the existence of

. & dangerous contagious disease should be given to the public. Itis '
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no exaggeration to say that the losses to our cattle growers from
unfounded rumors of such diseases have been infinitely greater than
the actual losses occasioned by the diseases themselves.:

COLLECTION AND DISTRIBUTION OF INFORMATION

The information obtained from year to year by the scientific in-
vestigation of diseases must necessarily form but a small portica of
the existing knowledge on the subject of* disease, and must be used
in connection with what has been previously acquired in order to
give satisfactory results. For this reason I have deemed it of great
importance that reliable reports should be issued, treating systemat-
ically of the common diseases of animals with special reference to -
prevention and treatment. Taking these as a basis for comparison
with the results of investigations issued annually, the farmer will
be enabled at all times to obtain full information in regard to any
disease with which his stock may be affected.

The first report of this series on the Animal Parasites of Sheep has

- recently been issued, and asecond report on the Diseases of the Horse

is now in press. - Other volumesare in preparation andswill be issued
as rapidly as possible. The favor with which the announcement. of
these publications has been received shows that they will supply a
variety of useful knowledge which has been greatly needed by the
agricultural community.

Various lines of investigation are being vigorously prosecuted with
the design of showing the actual condition, means of improvement,
. and future prospects of various branches of the animal industry. A

full report on the Sheep Industry is in preparation, well advanced
towards completion, and will probably form the first volume of this
. series. Reports on the American Trotter and the Thoroughbred
‘Horse of the United States will be ready for the press at about the
same time. This brief statement of the reports now nearly com-
ple®d will serve as an indication of the character and scope of this
section of the work of the Bureau of Animal Industry.

Last February I received an invitation to attend an interstate con-
vention of cattlemen, to be held the following month at Fort Worth,
Texas. Though unable to attend, I was impressed with the character
and scope of the work indicated in the call for this meeting, and
detailed a special agent of this Department to be present. I also
sent a stenographer from this Department, with instructions to take
a full report of the proceedings for my information. One of the
subjects which was thoroughly discussed at the important conven-
tion in question, at which thirteen States were represented, was the
urgent necessity to cattle growers for more extended information on
the subject of the cattle supply of the country, the condition of the
cattle markets, and the relation of quality to price in the cattle
marketed. I have given this subject considerable attention, have
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invited an exchange of views on the subject from prominent eattle-
men, and have concluded that-an earnest endeavor to secure infor-
mation of the kind desired must be made by this Department through
the Bureau of Animal Industry and its agents. It is merely carry-
. ing out the convietion which I have frequently had occasion to
express elsewhere, that the peculiar circumstances of our agricul-
tural people and their lack of facilities such as are enjoyed by people
whose ocoupations require’them to live in cities, within easy access
of all centers of information relating to their business, make it the
imperative duty of this Department to supply this lack as far as .
possible, and I have determined that an earnest effort in this direc-
- tion shall be made during the coming year.

DAIRY AND POULTRY INTEREST.

In my last report I announced my determination to establish in
the Bureau of Animal Industry a special division devoted exclusively
to the service of the dairy interest. The act of appropriation,
_with the changes made in the appropriation for the needs of this
bureau, making it possible to carry this determination into effect,
was passed so lately that the thorough organization and equipment
of an important division of this-character has not yet heen possible.
The present encouraging condition of the dairy interest, its vast ex-

~tension throughout this country, and the general appreciation of
the necessity for the successful conduct of the dairy business, of the
strict application to the feeding of dairy cattle of the most scientific
principles, and of the application to the business of perfect methods,
make necessary the establishment in this Department of a division
which shall be in these matters the natural leader. Such a divi-
sion should moreover be able to extend material benefit to the
dairy interests of this country by lending its aid to the extension of
our export trade in dairy products and to the development of the
manufacture at home of every dollar’s worth of dairy prodwcts
which we consume, an object which will be still further facilitated
by the recent increase in the duty on cheese, a product which eon-
stitutes almost our entire dairy import.

Regarding the poultry interest, I am inclined for the present to
place it in the special charge of the Dairy Division. Even though
it may not be essential that this interest should be represented at
present by a special division, the magnitude of the interest requires
that some one division be charged with its supervision. = The poultry
products of this country represent in the aggregate a vast sum ; and
the industry is one whieh exists, or should exist, on every farmin
this country, and which, consequently, interests a larger number of
the constituents of this Department than any other single industry.
In this connection, I congratulate our poultry raisers on the recent
change in the law, which instead of admitting imported eggs free,
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now levies on them a duty of 5 cents per dozen. The large imports
of eggs into this country in past years, which it seems have come -
not only from our neighbors in Canada but even from across the
ocean, amply justify the imposition of this duty.

DIVISION OF CHEMISTRY.

A review of the work of the Chemical Division during the past
year shows that it has been carried on with diligence and success.
New and commodious quarters have been acquired for the use of the
division, and many mechanical facilities have been provided which
it was impossible to find in the old quarters in the basement of the
main building.

Work in connection with the adulteration of foodshas been heartily
sustained by Congress, and an increase in the appropriation has
been made therefor. This is a work which should have the sympa-
thy of every legislator and the help of every honest man. The
adulteration of human food is an evil whose proportions are grow-
ing, I am sorry to say, from year to year. It is an evil destined to
undermine and destroy health ; and its practice not only interferes
with the sale of products honestly manufactured, but also casts dis-"
credit upon our goods in foreign countries, corrupts morals, and
places a premium upon dishonesty. I hope to be enabled, through
the Chemical Division, to analyze specimens of every product placed
upon our market in competition with pure goods and products of
the farm, and the co-operation of Congress in these efforts is
earnestly solicited. Investigations during the past year have related
particularly to the adulteration of tea, coffee, chocolate, and other

table beverages. These results are now nearly ready for dellvery" :

to the printer.
These investigations show that the adulteration of such artlcles is -
not very extensive, and, except in the case of tea, is easily distin-
guishable. The most frequent one is the introduction of substances
to give additional weight, such substances as will attach themselves
_readily to the leaves and yet not be easily distinguished by the eye.
These substances are mostly of a harmless character, although some
of them have been found to be deleterious. In the case of coffee the
chief adulterations have been found in the ground coffees, the diffi-
culty of adulterating the berry, whether roasted or unroasted, being
go great as to almost exclude this kind of fraud. With the green
berry, the chief adulteration seems to be in exposing it to a moist
atmosphere that it may absorb moisture and thus increase in weight ;
but this is a species of fraud which is easily distinguished, since the
gimple drying of the berry and the estimation of the water con-
tained therein is sufficient to determine whether or not it ha.s been
thus exposed. ,
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~ Extensive investigations have also been made in regard to the
adulteration of sugar, molasses,' honey, and confections, and the
publication of this work will speedily follow that of .the work en
the adulteration of table beverages. »

~ A thorough study of the materials which prevent the crystalliza~
tion of the sugar in sorghum juices has also been made, these sub-
stances have been identified and studied, and the best methods of
removing them from the sorghum juices have been investigated.

Coupled with this work has been the continuyation of the experi-
mental station work for the development of varieties of sorghum
which are as free as possible from these deleterious substances, and
containing as high a percentage of sucrose as can possibly be
obtained by years of patient selection of seed and careful cultiva~
tion of the cane. Some remarkable results in cultivation of this
kind are now on record. ’ 7

In 1889 four varieties of cane were studied for thirty-five days,
giving in that period an average of 14.15 per cent. of sucrose in the
juice, 1.15 per cent. glucose, and having a purity coefficient of 77.5.
The present year seven varieties of cane, for the same length of
time, showed an average of 14.48 per cent. sucrose, .77 per cent.
glucose, with a purity coefficient of 76.40. The best varieties of
cane this year showed, for fifty-one days, from August 25 to October
15, 15.48 per cent. sucrose, .51 per cent. glucose, with a purity
coefficient of 78.36. ‘

It is proposed to continue these culture experiments for the. pur-
pose of developing and introducing all varieties of sorghum cane
which give any promise whatever of becoming useful. = In all, the
~ Department has experimented with about 800 varieties and subvas -
rieties of cane. Many of these, on investigation, proved to be dupli-
cates of others which had come to us under separate names. From
this extensive list, after three years of careful investigation, all have
been eliminated except ten or twelve distinct varieties which possess
the essential qualifications of sugar-producing plants, viz., high su-
crose content with a low content of other substances. Work will be
continued with these selected varieties until their excellent qualities
are rendered permanent by continued selection and by improvement
due to careful cultivation. It is believed that the sorghum plant
will then be able to compete successfully with the sugar cane and
the sugar beet, but only in those localities where soil and climate are
best suited for the production of the sorghum plant in its highgst
perfection. : '

The investigations so far completed show that the localities in
which sorghum can flourish are confined to the semi-arid region of:
the country, notably beginning in Central Southern Kansas and
extending southward indefinitely. The investigations have also
shown that sorghum of excellent quality can some seasons be pro-
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duced in other parts of the country, but the uncertainty of suitable
climatic conditions would seem to render it advisable to attempt the
preduction of sorghum for sugar-making purposes only in the locah-
ties indicated.

Investigations by the Department in respect to the product1on of
sugar from the sugar beet have also been of the most extensive na-
ture. ~ During the early spring 5,000 packages of sugar-beet seed of
the most approved varieties were obtained from European growers
and sent to all persons in the country who had applied for them.
Arrangements were also made by which the beets, after maturity,
could be sent to the Department for analysis. As a result of this
arrangement beets have been received from about one thousand dif-
ferent localities in all parts of the country, and these have been
- analyzed in the laboratory. The results of the analysis are, for the
most part, extremely favorable, especially with those varieties which
have come from the northern and central portions of the country.
It is not uncommon to find beets containing 15 per cent. of sugar,
while in exceptional cases the percentage of sugar has risen as high
as 20. 'We have also found many beets of a strictly typical charac-
ter, combining a perfect shape with the proper weight and a high
content of sugar. A typical sugar beet is conical in shape, smooth .
" in its external contour, with a white, solid interior, weighing about

1 pound, and having a content of sugar of about 14 per cent,
Many samples of such beets have been received, showing that it is
possible to produce in this country sugar beets of the highest type.
In Bulletin No. 27 are given the results of a careful study of the
soil and climatic conditions of the country suitable to the production
- of sugar beets, and a map has been prepared showing a zone within
which the most favorable results will probably ensue from the culti-
vation of the sugar beet. .Alarge beet-sugar factoryhas been erected
at Grand Island, Nebraska, equipped with the most approved modern
machinery, and this factory is now working sugar beets at the rate
of 300 tons per day. There is every reason to believe that the en-
couragement which has been extended to the sugar-beet industry, by’
the investigations of the Department and by act of Congress, will
result ere long in the establishment of many additional sugar facto-
ries in those portions of the country which the data obtained by the
Department show to be best suited for the purpose. 'When it is con-
sidered that 250 beet-sugar factories of the size and capacity of those
now in operation in California and Nebraska will be sufficient to
make one half of the total sugar consumed in the United States, it
is not idle to expect that in the course of a few years a large propor-
tion of the sugar consumed in the United States will be made therein
from the sugar beet.
Further investigations of the Chemical Division have had relation
to matters more specifically conneeted with the agricultural experi-
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ment stations and the best methods of analysis to be used therein.
Investigations have been made of these methods in the laboratory,
and they have been carefully compared with other methods, so that
the best could be secured. ~ In this work the co-operation of the agri-
cultural chemists throughout the whole country has been enlisted in
an organization known as the Association of Official Agricultural

* Chemists, whose annual conventions are held in Washington under
the auspices of the Department of Agriculture and whose proceed-
ings are published as bulletins of the Chemical Division. Bulletin
No. 28 of this division, containing the proceedings of the association
meeting held in August, is now ready for the press.

DIVISION OF STATISTICS.

The operations of the Statistical Division have been replete with
activity in various directions. The necessity of statistics in the work
of legislation is becoming more and more imperative, as attested by
‘the demands upon this office during the extended session of the pres-
ent Congress. The discussion of industrial and economic questions
in the hallsof legislation, in polemic discussion, in literature and

- journalism, makes constant demand upon the resources of the Statis-
tical Bureau for the facts of production and distribution, prices of
products, wages of labor, development of resources, and status of
agriculture. ' : ‘

The year has been somewhat peculiar in its statistical record. ~An
abnormally mild winter, characterized by verdure and vegetable
growth until late in the season throughout all but the higher lati-
tudes, was closed with a period of low temperature and frosts, which
extended southward to the orange belt of Florida. Theeffect of con-
ditions so extreme was injurious to all the winter grains and to all
the orchard fruits, forecasting the reduction in area of winter wheat
which followed, the unequal rate of yield for the breadth remaining,
and the unexampled dearth of nearly all kinds of fruits. Even the
Pacific coast had an exceptional experience, consistent in its pro-
verbial unlikeness to Atlantic coast conditions, for while the country
from the great mountains to the eastern geacoast was singularly mild
and summer-like, the Pacific slope was cold and stormy, with heavy
rainfall and -an unusually late spring. ]

The spring weather of the East was unfavorable to early planting,
being too cool and wet at many points. These conditions were favor-
able to the hay crop, which is very valuable everywhere, and in the
South becoming vastly more important every year as the improve-
ment of farm animals progresses in that region, promising to make
stock growing a very prominent rural industry of the cotton belt,
which is in many respects peculiarly adapted to profitable extension

of the various forms of animal industry.
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The great arable crop of the country, corn, has had an unfavora-
ble development. Starting in July with a condition expressed by
the average of 93.1, which was less promising than the record of the
previous year, but by no means discouraging, the effect of drought
reduced the average in sixty days to 70.1; and on the 1st of October,
when the crop was matured, the record stood at-70.6, against 91.7,
indicating a prospect for 23 per cent. decrease in the rate of yield
compared with that of last year. This foreshadows a reduction of
something like half a billion bushels ¢f corn. Still there is a fragment
of last year’s crop remaining, and there will be ample supplies for
consumption of high-priced corn. The amount consumed depends
much upon price, and the export demand is influenced far more by
this consideration than the domestic consumption.

The winter wheat crop was reduced by spring frosts, and the spring
wheat in its drier areas by drought, so that the average condition
when harvested was expressed by 75.5, against 87.5 last year, indi-
" cating a yield materially less than that of 1889, upon areduced area.
The oat crop has met with serious disaster, reducing its product more
than 200,000,000 bushels. - It has alsobeena year of partial failure
of the potato crop. The reports of condition have been growing
worse since July, and as the time of harvesting approached the

vield was still further reduced by the prevalence of rot. The South-
ern crops are generally above an average in production. The cotton
crop of last year was the largest ever grown and brings a good price,
and the prospect isnow good for another large crop. Thesugar prod-
uct is also large, probably the largest grown for many years. Rice,
tobacco, and vegetables have generally yielded well, and among the
results is a high degree of prosperity in nearly all branches of South-
ern agriculture.

The despondency which was caused by the low prices of the begin-
ning of the year has already been measurably dispelled by the ad-
vance in agricultural values, and good grounds exist for the belief
that our farmers-are entering upon a new era of proﬁta.ble culture
and general industrial prosperity.

DIVISION OF ENTOMOLOGTY.

Though the year has not been marked by any very serious insect
injury of a general character, the work of this division has been
gteady and unremitting. During the past few years the boll worm
of cotton (Heliothis armigera) has been a source of more than usual
damage to the cotton planters, particularly in Texas, Southern Ar-
kansas, and parts of Mississippi and Louisiana, doing more harm
than even the cotton worm (Aletia zylina). The edition of the fourth
report of the U. 8. Entomological Commission, treating of the cot-
ton worm and boll worm, is exhausted, and there has been a general’
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demand from the States interested for a supplementary investigation
of the pest. Congress appropriated a small sum for this purpose,
. and the investigation has been begun. Agents of the division have
been stationed at College Station, Texas; Pine Bluff, Arkansas;
- Holly Springs, Mississippi; and Shreveport, Louisiana; and the work
of study and practical experiment has been apportioned so as to
bring about the best results. The appropriation became available
too latein the summer for efficient work, but the work this season
will prepare the way for more thorough work next year, and if there
is any possible way of giving our planters more effective and practi-
cal means of overcoming this enemy than those now at command, I
have confidence that the way will be discovered. N
During May there was a local outbreak of the army worm (Leuca-
nia unipuncta) in certain portions of the State of Maryland, and an
agent of the division was sent to investigate it. There were some
features about this outbreak that appeared abnormal, and the ento-

mologist will consider it in his report in connection with another

insect that is often mistaken for the army worm and which is much
subject to an epidemic disease, a fact which acquires importance be-
cause of the possibility of artlﬁclally conveying this disease to the
boll worm.

During July and August alarmlng rumors of the destmctlve ap-
pearance of the Rocky Mountain locust, or western grasshopper
(Melanoplus spretus), were received from Idaho and Utah, and an
agent of the division was sent to investigate them. He found that
the locust in question was not the western migratory species, but a
comparatively local form known as Camnula pellucida, information
most reassuring to farmers in the Mississippi Valley. The means
adapted to combating this last mentioned locust. are identical with
those which were found efficacious in the case of the first mentioned.
The report of the Entomological Commission, containing the neces-
sary instructions, is unfortunately out of print; but for the benefit
of farmers situated in the district threatened by the present pest, I
have directed the entomologist to prepare a summary of these in-
structions for distribution throughout the section of country subJect ,
to the present visitation,

Further experiments have been made with the use of hydrocyanic
acid gas under tents as a remedy for the red scale. In my last re--
port the statement was made that the cost of this remedy had been
greatly reduced by experiments made by one of the California
agents, and further experiments have developed means by which the
process may be easily rendered more efficacious and the expense still
further reduced.

.~ ‘Thehorn fly of cattle, which attracted so much attention last year,
- seems to have been much less abundant during 1890, and complaints
from stockmen have been comparatively rare. Observations con-"
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firmatory of the results recorded in my last report have been made,
and late fall and winter observations show that this insect hibernates
in the preparatory state in the ground.

The question of the damage of the grape by phylloxera in Cali-
fornia has been taken up, and certain vine-growing regions of the
State have been visited by an agent, who is making tests and obser-
vations.

The division has been appealed to in reference to the possible dan-
ger of the importation of the destructive Florida scale insect into
California, a matter which has attracted a great deal of attention
the past season in the latter State. It seems that frequent acci-
déntal importations of these scales, particularly of the burple scale,
the long scale, and the chaff scale, have been made; but in no case
have the insects become destructive. It is therefore argued by
many that the climate of the Pacific coast is not favorable to their
increase, while others hold opposite views and are much alarmed.
The entomologist is of the opinion that, while there are some grounds
for the former belief, we can not exercise too much care in prevent-
ing the carrying of these destructive scale insects from one section
to another. I have therefore been particularly careful to have the
plants received from foreign countries and to be shipped to the dif-
ferent States carefully disinfected before such shipment, as I am
very anxious that the Department shall not be the means of further
disseminating such noxious species. I earnestly recommend that
similar precautions be taken by all nurserymen and hortlculturlsts
shipping plants to other States.

In view of the success that has attended the 1mportatlon of the
Australian lady-bird to prey upon the fluted scale in California,
public attention has been specially drawn to this manner of destroy-
ing 1D.J111‘1011S insects through the instrumentality of their natural
enemies, but success in any instance is not likely to follow without
the most complete, thorough, and intelligent direction. The ento-
mologist, fully realizing the importance of this question, has made
various efforts during the year, so far as they can be made with the

‘assistance of foreign correspondents equally interested in the subJect

to import desired species, and to rec1procate by sending ' others
abroad.

The increased appropriation to this d1V1s1on will justify renewed
attention to the subject of bee culture, and plans are being formed
to carry on whatever investigations will tend to advance this impor-
tant industry. The investigations already made under directisn of
the entomologist had for their dbject the control of the fertilization
of the queen, whereby bee keepers would be able to improve the
disposition and the honey- producmg qualities of their bees by selec-
tion, in the same manner in which the stock breeder and the fruit-
grower have for so many years so successfully improved our domes-
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tic products. There is reason to believe that this can be accom-
_plished with reference to the bee; but there are many other ways in
which the Department can help the bee keeper in investigations on
a scale which neither individuals nor associations can afford to
pursue. This is especially true in reference to the study and intro-
duction of bee plants from sections of the country or other parts of
the world where they are valuable into sections where they are not
yeot known. - This applies also to the introduction of bees known to
have desirable qualities, as, for instance, the Apis dorsata of Ceylon.
Many other insects of less importance have been carefully studied
and figured, notably the rose chafer, concerning which a complete
article has been published in the periodical bulletin of the division.
The publications of the division have occupied more of the time of
the office force than usual. The issue of Insect Life, the periodical
“bulletin, has been continued, and most encouraging comments con-
cerning the usefulness of this publication are constantly received.

DIVISION OF MICROSCOPY.

The following is a brief abstract of the work upon which the
Division of Microscopy is engaged for the current year: Original
investigations in the jnterest of pure food stuffs, including medicinal
and food oils and condiments. - In food stuffs the skillful use of the
microscope is constantly demanded to meet the new methods and
- combinations practiced in the adulteratjon of butters, lards, and
branded substitutes for butter and lard, ag well as in the examina-
tion of .the various other food products A microscopical examina-
tion, of gertam lard compounds in relation to the lard bill of the
Flfty- st Congress was made by this division for, and at the request
_ of, the House Committee on Agriculture. ®.

The study of -economic textile fibers is also, a pagt .of the work of
the year. The various structural characteristios of textile fibers,
which represent their felting properties,.dn respect to which they

"+ greatly differ, will be illustrated.

A further and more comprehenslve 111usti'at1on of our natxve edible
mushrooms, as well as of p01sonous varieties, and of those which may
be classed as doubtful is in progress as part of the,year’s work,

_DIVISION OF ECONOMIC ORNITHOLOGY AND MAMMALOG’¥

Durmg the past year the work of this d1v1s10n has béen cqntmued

in tﬂe two lines of research mentioned in prev1ous reports. =

( ) Thé work on ge%graphlc distribution of species has received as
much attention as the means at the command of the division would
permit, and considerable progress has been made both in the study
of the faunal areas of- the country and 11’1 m@»g;ng the dlstn"butmn |
of species. ;
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A report of the work done in Arizona during the summer of 1889
has been published as North-American Fauna, No. 3. It gives in
detail the results of a biological survey of about 5,000 square miles
in the northern part of the Territory, and is accompanied by accurate
maps of the forests of the region. The practical scientific value of
such a survey is self-evident, and ‘it is hoped that the division may
be enabled to extend this work to other and larger areas.

The study and mapping of faunal arcas—those fitted by nature for
the existence of peculiar associations of animals and plants and con-
sequently for the production of certain crops—has progressed far
enough to warrant the issue of a provisional map. Such a map,
showing by different colors the principal life areas of North America,
has been prepared and accompanies North American Fauna, No. 3.

In order to obtain more complete data respecting the breeding
range of various species of birds, a special schedule was prepared
and sent out early in the year, and already reports have been re-
ceived in reply from nearly four hundred localities. These reports
contain much valuable information, which is bemg tabulated and
mapped as rapidly as possible.

The most important field work accomplished during the present
year has been that done in the Salmon River Mountains in Idaho,
under the personal supervision of Dr. Merriam, chief of the d1v1s1on,
assisted by Mr. Vernon Bailey and Mr. Basil H. Dutcher, field agents
of the division. This work, which is stillxin progress, has already .
brought to light many facts of economic and scientific value concern-
‘ing this almost unknown region, and has resulted in the discovery
of several species new to science. Important work has also been .
carried on in the arid regions of the West, especially in Texas, Wyo-
ming, Utah, and Waghington ; in the latter State an effort i 1s being
made to determine the northern limits of the “ basin region.”

(2) The economic work of the division, that devoted to the study
of species directly injutious or beneficial to agriculture, has been -

mainly confined to investtgations connected with the preparation of "
four distinct bulletins, namely, (a) an illustrated bulletin on hawks

and owls, now almost completed, which, it is hoped, will be ready
for distribution soon ; (b) a bulletin on the gophers of the Mississippi
'Valley, on which work has been continued duringthe year and much
valuable information secured concerning the distribution and rav-
ages of the several species; (¢) a bulletin on the common crow,
already far ad.vanced and (d) a bulletin on crow blackbirds, now
well under way.  In connection with the work on these bulle$ing
more than elght hundred stomachs have been.examined during the
past year, while about two hundred more, mamly those of ‘bobolinks
- and meadow larks, have been examined in response to spec1a1 Te-
quests for information as to the food of these birds.

A httle tlme has been devoted to the collection of pubhshed notes
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by other workers in this little-known field, but the records are so
few and so widely scattered that as-yet only a beginning has been
possible.

In connection with the stomach examinations the utility of the
reference collection of seeds has been demonstrated almost daily,

~and although very considerable additions have been made during

the year, this collection is still lamentably incomplete. The facil-

- ities for the determination of stomach contents have been materially

increased and a competent biological clerk has been added to the
force of the division.

More than 4,000 specimens have been sent in for identification by
field agents and others, and a large and increasing correspondence
has been conducted since January 1, 1890,

DIVISION OF FORESTRY.

Although there is evidence of a growing appreciation throughout
the country of the importance of the interests which this division is-
designed to serve, there is still need that the scope and character of
its work be explained and illustrated. The day when forest planting
and the application of scientific principles to the management of our
natural forest areas will be generally recognized as a necessity, is
certainly approaching. While our forest resources are still immense,
signs of approaching exhaustion in certain directions are already

* apparent.. Carriage timbers especially are becoming scarce. The

scarcity of walnut has long been known, and trade papers are be-
ginning to discuss the difficulty with which first-class White-pine

"stock can. be secured and to note the abundance of culls in the

market, a sign that this staple resource, often represented as in-
exhaustible, must have been considerably reduced. ‘

‘Without, therefore, entertalnlng alarmlng apprehens1ons of timber
famine in the near future, it is a wise policy to keep watch over our

~ forest resources, to show how unnecessary waste can be avoided and

-

the means of economy developed, and to teach those principles by
the application of which the natural forests may be so utilized as to
recuperate and reforest themselves with valuable timbers, and also
to teach how to create new forests artificially. It is the duty of this .
division, furthermore, to point out the consequences upon water and
soil conditions of imprudent and undue deforestation.” Although
better endowed than formerly by the appropriations for the current
yeap the Division of Forestry is not yet equipped for field work, or,
indeed, for any but scientific investigations that can be carried on
in the office or laboratory, or by studies in the natural forests.

- The two lines of investigation which will continue to be foremost,

* and for which the present appropriations insure more effective pros-

ecution than formerly, relate to the life history of our important
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timber trees and to studies into the relations of the quality of timber
to the conditions of its growth. , Monographs dealing with the former
subject are in hand for publication during the coming winter, The
latter investigations will require careful selection of study material,
laborious laboratory work, and a large number of tests, and prom-
ise to afford results of marked interest to the forester and of great
practical value to the engineer, the builder, and indeed to every
worker in wood.

During the year there has been published in the interest of forest
conservation a very exhaustive report on the experiences of the world
in regard to metal ties. This publication is full in mechanical detail,
and will serve, it is hoped, to stimulate our railroad managers to give
further trial to this substitute for wood material, since it is said to be
of improved efficiency and ultimately most economical. Whenever it
has been practicable, the chief of the division has been detailed to
attend the various forestry conventions and other meetings where it
has been believed that interest in forestry matters might be stimu-
lated or advanced.

To accompany distribution of tree seeds, which, to satlsfy the de-
mands of the law, is made in small quantltles proportionate to the
appropriation, a circular giving detailed instructions for handling
the seeds was prepared and distributed. It is thought best to restrict
the distribution of plant material, as far as possible, to such kinds
as are not readily obtainable, or to such as for some other reason are
not likely to be tried by the would-be planter, and to engage the ex-
periment stations in the trial of new species rather than leave this
work to inexperienced hands. Excepting an importation of Austrian
osier rods, which were sent to the experiment stations, only native
seeds have been distributed.

RAINFALL EXPERIMENTS.

An amendment to the act of appropriation for this Department
was adopted at the last session of Congress placing at my disposal
the sum of $2,000 “for experiments in the production of rain-
fall,” it being understood that such experiments were for the pur-
pose of ascertaining whether such a result could be attained by the
use of explosives. The difficult and problematical nature of these .
experiments, and the necess1ty of undertaking them only under the
direction of a person possessing thorough qualifications for conduct-
ing the work, has made it thus far impracticable for me to give the
matter proper attention. The experiments will, it is expected, soon
be inaugurated. ’ :

DIVISION OF EOTANY.
As stated last year, two distinet lines of research are carried on
by this division—the scientific and the practical.. ‘Under the first,

gratifying progress has been made in the collecting, classifying, and |
AG 90——3
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mounting of plauts growing in all parts of the United States, as
well as of others secured by exchange or otherwise from foreign
countries.

The herbarium of the Department of Agrlculture has become of
national importance and of great money value, and some of its parts
could never be duplicated if lost or destroyed. Its location in the

Department building, which is not fireproof, is a source of great

anxiety, not only to those who have charge of it, but to the scientific
world. The American Association for the Advancement of Science
at its last meeting passed a strong resolution urging the Department
of Agriculture to furnish fireproof quarters for it.

The Department has lately commenced the publication, in a spe-
cial series, of the information which it is enabled to gather from
study and comparison in the herbarium. This information is em-
bodied chiefly in scientific papers, designed more especially for bot-
anists, and intended to supplement the more practical work of the
bulletins. The special series is not a periodical, but numbers are
issued as often as sufficient matter accumulates. Three numbers
have already been distributed. Nos. 1 and 3 relate to the flora of
Southern and Lower California, and No. 2 is a catalogue of Texas
plants, which is preliminary to a manual of the flora of that State
soon to be published by this Department

In the collection special note is made of all economic plants So
far as concerns forage.plants, bulletins are issued, illustrated by
plates, describing their characteristics and value for forage purposes,
and setting forth the soils ahd climate to which they are adapted.
During the year two such have been issued, one a new, revised edi-
tion of the “Agricultural Grasses of the United States,” the other,
Bulletin No. 12, entitled ¢ Grasses of the Southwest.”. Both bul-
letins have received the highest commendation from farmers and
from botanists. They exemplify in the best sense the value of scien-
tific work applied to practical uses.

The experlments undertaken by the Division of Botany with a
view toincrease the grass production of the arid lands of the West
have thus far demonstrated that a decided improvement in this mat-
ter is practicable; that the introduction of certain methods of culti-
vation and of certain forage plants not before used renders possible
great advance in the grazing industry of those regions. Congress
at the last session, appreciating the importance of the experiments,
increased the appropriation therefor, to enable this Department to
arrange with all the Western stations for co-operative experiments
under our supervision. The chief of the division has about com-
pleted an extended tour of the West and South, made for the pur-
pose of arranging the plan of the work and more carefully studying
the conditions of soil and climate. The operations at the Govern-
ment grass station, at Garden City, Kansas, have been very satisfac-

”
i
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tory, and for that locality the results have been fully equaI to our
expectatlon

DIVISION OF VEGETABLE PATHOLOGY.

Since my last report Congress, in accordance with my recommenda-
tion, has made the Section of Vegetable Pathology a division, and
it is now thoroughly organized and equipped with an efficient corps
of workers in both the field and the laboratory.

A special effort has been put forth during the past year to make
the field work as thoroughly practicable as possible, and with this
end in view the chief and several of his assistants have spent consid-
erable time making experiments which I believe to be of great prac-
tical value. To show the importance of this work I will cite the case
of one series of experiments personally conducted by the chief, the
results of which are based on very careful records. The remedies
used were those whose efficacy have been established by this division,
and the object of treatment wasa large nursery whose proprietor had
offered his entire stock to the Department for experiment. This work
extended over two years. The expense involved was a little over $125,
and the amount saved was $5,000.

This division was the first agency in this country to introduce the
use of fungicides for grape diseases, and it is estimated as a result of
its work that nearly five thousand grape growers in all parts of the
country treated their vineyards for mildew and black rot in 1890,
and the amount of fruit saved in this way will vary from 50 to 90
per cent. of the crop.

In addition to the foregoing, experiments in the treatment of pear,
apple, quince, and numerous small fruits have been conducted in
New Jersey, Maryland, Virginia, Wisconsin, and Missouri. The
diseases of other crops, such as cotton, tomatoes, potatoes, etc., have
been under treatment in numerous widely separated localities, each
of which was selected as being particularly adapted to the Work in
hand.

The laboratory work has been pushed forward with vigor, the
principal subjects under investigation being peach yellows, the Cali-
fornia grape disease, pear blight, cotton diseases, a bacterial disease
of oats, and the co-called * rots” of the sweat potato.

The laboratory investigations of the California grape disease have
been mainly in the line of bacteriological study of diseased parts of
the vine, supplemented by inoculation experiments, with a view to
determining the contagious and non-contagious nature of the mal-
ady. Numerous facts bearing on.this subject have been accumu-
lated, and these will be shortly embodied, together with a result of
the field observations and experiments, in a report soon to be pub-
lished. In May of this year the special agent engaged in this work
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asked and was granted leave of absence without pay for six months,
in order that he might visit France, Spain, Italy, and Northern
Africa, in search of information that will aid him in his work.

Tor many years the vineyards of these countries have been rav-
aged by a disease which, according to the published account, is very
similar to the one in California. It was claimed that within the past
two years the disease had almost entirely disappeared from certain
portions of Italy, and it was principally to getsome definite informa-
tion in regard to this matter that the agent desired to personally in-
spect the Kuropean vineyards. Itis hoped that his investigations
will enable him to throw some light on the best means of combating
the “California trouble, which has already devastated thousands of
flourishing vineyards, causing losses almost beyond calculation.

The peach-yellows work is being prosecuted with vigor along
practically the same line followed last year. Some important results
bearing on the treatment of this disease have been obtained, but as
yet they are not sufficiently conclusive to warrant their publication.

The publications and correspondence of the division have assumed
such proportions, that to give:them the attention they deserve re-
quires about one third of the time of the regular office force. Two
special bulletins and four numbers of the J ournal of Mycology have
been issued since my last report, and the fact that the editions of
these are now entirely exhausted is, I believe, a sufficient guaranty
of the interest in the work.

DIVISION OF POMOLOGY.

The development of the fruit industry throughout the country and
in parts of the country where not long since it was thought no fruits
could be grown, has been steady and encouraging. It must not be
forgotten in estimating the value of pomological work in the United
States that we Americans pay to foreign fruit growers more than
$20,000,000 per annum for fruits and nuts which we import. I am
convinced that one of the ultimate rewards of scientific pomology
will be to see very nearly the whole of this vast sum turned into the
pockets of American fruit growers, so wide is the range of climatic
variation in different sections of our vast country. To accomplish
this result necessitates a special study of and experiment in the study
* of fruit culture ; and it-is my hope that the Pomological Division of
this Department will contribute an. important share to this great
work. ‘

Special agents have been appointed to obtain information regard-
ing fruit culture in their respective localities, and to repert to the
pomologist as to their wants and resources. A system of reciprocity
between the division and the various national, State, and local socie-
ties of a pomological nature has been inaugurated. The identifica-
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tion of fruits sent from all parts of this country is becoming more
and more useful as a part of the work of. this d1v1s1on, and during
the past year there has been a very great increase in the number of
samples sent for this purpose. It is evident that this portion of the
work of this division is highly appreciated by the fruit growers of
the country.

I am glad to be able' to state that in pursuance of the work of this
division, which involves the effort to introduce foreign and untried
varieties and species of fruits into this country from abroad, a suc-
cessful importation was made during the year of the date palm from
Egypt and Algeria. Sixty-three trees, representing eleven of the
choicdest varieties, were received and were found on arrival to be
without exception in good condition. This is the first instance of
the successful introduction of rooted suckers of any variety of the
date upon this continent, a notable event in the pomological history
of the country. Their transportation has frequently been attempted,
but the plants have never survived the voyage. There are good
grounds for anticipating their successful introduction into the arid
regions along our extreme southwestern border.

The division has in course of preparation a special report upon
nut culture, and it will be based upon the practical experience of
those who have already given this subject attention, and such in-
formation and advice will be given as may prove of benefit to those
who desire to engage in it. Many choice varieties of wild nuts,
especially of the chestnut and pecan, have already been discovered
in the course of the investigation of the subject, and these will be
obtained and placed in the hands of careful experimenters. Choice
kinds 6f the filbert will also be brought from England and placed
where it is likely they will succeed in this country.

One of the important features of the work of this division is an
investigation of our wild fruits. This investigation should be more
thorough than the means at hand enable me to make it, but no field
of pomology is more promising of good results than this, and I
trust that by enlistiug in the work the cordial co-operation of the
various experiment stations throughout the country much good may
be accomplished even with the limited means on hand.

SILK SECTION.

I stated in my last report that, in regard to silk culture, the real
question to be determined as to the possibility of establishing this
industry in the United States is that which concerns the reeling of
silk, the conversion of the cocoons into a marketable thread.

‘While I have looked for assistance in the solution of this problem
to the improvement of machinery for reeling silk, I have neverthe-
less become, quite convinced that, even with such machinery per-

-
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fected, it would be necessary for manufacturers to have some en-
couragement, either in the shape of a duty on imported raw silk or
a bounty for such as might be produced in the United States. The
importance of this subject and the desirability of establishing such
an industry are beyond dispute, and, as though to strengthen the
claim on behalf of home-grown silk, we find a great increasegnearly
25 per'cent., in the imports of unmanufacturéd silk during the last
fiscal year over the preceding one; the imports of this product for
the fiscal -year ending June 30, 1889, being in value $19,333,229, and
for the fiscal year ending June 30, 1890, $24,331,867. Under those-
circumstances I confess that it would be a source of great regret
to me to see the abandonment of all efforts looking to the estab-
lishment of silk raising in the United States, but I can not but reiter-
ate my conviction that to all the improvement in mechanical devices
which American ingenuity can bring about must be added the benefit
of legislative encouragement. Should some bill embodying this
idea become a law during the coming winter, it will afford me great
pleasure to be the instrument for executing it and creating for this
industry a brighter outlook than at present exists. '

TEXTILE FIBER INDUSTRIES.

The fiber investigations commenced in 1889 have been steadily
pursued with encouraging results. Much valuable information has
been collected showing the present status of different branches of
the fiber industry in this country and in Europe, a portion of which
has already been given to the public in Bulletin No. 1 of the fiber
geries. Since the beginning of the year nearly 400 specimens of
fibers and fiber plants have been received, many of them from farm-
ers and others seeking information regarding possible new fiber -
interests, or exhibiting to the Department results in cultivation,
preparation, or manufacture of known fibers.

‘Among the examples of American flax received by the Department
are several fine samples grown in Wisconsin, Minnesota, Iowa, and
on the Pacific coast, one of which, from the first named State, is
declared by a leading manufacturer to be ‘good enough for even
fine linens.” A fine sample was also received from Texas. A beau-
tiful example of linen thread, grass-bleached in New Jersey, demon-

" strates that this branch of the linen industry can be carried on in the
United States as successfully as in Europe; while the entire linen -
series proves conclusively that even fine flax, in any quantity, can
be produced in this country with skill and careful culture. The new
tariff law raises the duty on dressed line from 2 cents to 3 cents per
pound, and gives to the manufacturer of crash and the coarser linens
an immediate additional protection of 15 per cent. ad valorem. This

“makes an American flax industry possible. The early establishment
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of large linen factories in this country will assure a market for
American-grown flax, and the duty of 3 cents per pound on the
dressed line, it is thought, will enable the American grower to pro-
duce flax fiber with profit to himself.

As flax culture is a new and untried thing with many farmers, the
Department will render all aid in its power toward re-establishing
the cultural side of the linen industry. Already there is great inter-
est in new machinery and processes for cleaning flax, and some of
these give promise of good results.

Hemp culture has been largely extended in States north of the Ohio
River, and a perceptible increase in the employment of native hemp
in binding twine (in preference to the higher-priced imported sisal
and manila hemps) has been noted. Considerable areas of sisal hemp
are growing in Florida, and it is thought that with a little encour-
agement at the outset sisal hemp might readily be produced within
our borders. New Zealand flax is growing in California, from which
strong fiber has been experimentally produced. Seeds of this plant,
and of the manila hemp plant, have recently been imported and dis-
tributed for experiment in southern localities.

Several indigenous plants producing bast fiber, growing through-
out the South, are under investigation and will be reported upon
when the investigations are completed.

In regard to the ramie industry the chief progress of the year has
been in the direction of manufacture rather than that of decorticat-
ing machinery, though the interest in this fiber continues. ‘

ARTESIAN WELLS INVESTIGATIONS,

By a provision in the urgent deficiency act, approved April 4, 1890,
Congress appropriated $20,000, and directed the Department toinves-
t1gate the proper location for artesian wells and their use in irriga-
tion in the semi-arid region lying between the ninety-seventh degree
of west longitude from Greenwich and the eastern foot-hills of the
Rocky Mountains. The area includes the States of North and South
Dakota, portions of Montana, Wyoming, Colorado, New Mexico, and
Texas lying east of the Rockies and the lower Rio Grande River,
with those portions of Nebraska, Kansas, Oklahoma, and the Public
Land Strip that are west of the ninety-seventh degree. The appro-
priation was made available the 15th of April, and by the 20th of
that month organization was perfected and field work begun by a
- large and competent staff of division geologists and field agents work-
‘ing under capable chiefs. «

The field and official work was heavy, as the law requlred a report
to be made as early as possible after the 1st of July. The supervis-
ing engineer and chief geologist made an intelligent though rapid
reconnoissance of the whole field, each of them traveling in doing so
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about 12,000 miles. The entire field force covered at least 70 000
miles of travel during their work. A report of operations was made
on the 22d of August to Congress. The reports of the special agent

in charge, of the supervising engineer, the chief geologist, and of the

‘several division geologists and field agents, are accompanied by valu-

able maps, diagrams, plans, and illustrations drawn from photographs
taken for this investigation. Besides the three principal reports,
there are four from division geologists, covering the Dakotas, West-
ern Nebraska and Kansas, Eastern Colorado and Southwestern Texas.
These contain a mass of valuable data, locating and describing over
1,300 artesian, a large number of bored or gang wells, and several
hundred springs, besides presenting impottant evidence as to the ex-
istence of other earth waters in quantities sufficient for economic
application to agriculture, when the same can be restored to and dis-
tributed over the earth’s surface. The reports presented, under the
provision of the law of April 4, 1890, are confined directly to the loca-
tion and availability of artesian waters, all other references and data
being incidental. It was found necessary to make for the use of the
investigating staff a definition of ‘““artesian water.” This was done
in the following terms :

To include all subterranean waters, which, on being reached or opened from
above, are found to flow to a level higher than the point of contact, and from some
permanent and general source rather than from a local and temporary one. All
bored wells in which the water rises and all natural waters, such as springs, rising
from below, are included in this definition, as artesian in character. These supplies
may be divided into positive and negative, the first to include wells the waters
whereof flow above the surface of the earth, the second to embrace waters rising
with force, but not flowing above.

Taking into consideration the time employed, this series of reports
must prove to be of decided economic value. They form a positive
contribution to®the science of hydrognosy, or the phenomena of
earth waters, besides illustrating the possibility of an extensive agri-
cultural utilization of such valuable supplies. A supplementary re-
port relating to earth waters, other than artesian, as defined by this
investigation, is now being prepared, under a resolution adopted in
June last by the Senate of the United States. This report will deal

largely with the evidences of water underlying the river valleys and : H
uplands of the Great Plains region, as under-sheet or underﬂowz, and -

by percolation, seepage, and drainage.

The brief preliminary reports made to Congress of the artes1an‘

wells investigation, resulted in the passage of the following provision
of the general deficiency act, approved September 30, 1890 :

IRRIGATION INVESTIGATIONS.—To enable the Secretary of Agriculture to contmu(’ -

to completion his investigations for the purpose of determining the extent and
a.vallablhty for irrigation of the underflow and artesian waters within the region
“between the ninety-seventh degree of longitude and the eastern foot-hills of the
Rocky Mountains, and to collect and publish information as to the best methods of
cultlvatmg the soil by umgatlon, forty thousand dollars : Provided, That no, part of -

f“' 5
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said sum shall be expended unless the entire investigation, collection, and publica~
tion contemplated herein, including the report thereon, can be fully and finally
completed and finished before July first, eighteen hundred and mnety-one, without
a.ny additional expense, cost, or charge being incurred.

The extraordinary nature of the above proviso made the formula-
tion of plans for carrying out the investigations enjoined upon me
under the act amatter of very serious difficulty. Indeed, atoo literal
adherence to the language of the act, embarrassed as it is with this
provision, would make it well-nigh impossible to undertake the work
at all. Assuming, however, after due consideration, that the inten-
tion of Congress was that these investigations should be continued,
I at once proceeded to organize an irrigation inquiry, and to prepare
to carry on the work of artesian and underflow investigation as far
along toward completion as was possible by the exercise of the
utmost diligence within the period provided. At the same time, I
felt called upon to instruct the gentlemen in charge that all reports
must be completed and handed in on or before the 30th of April,
1891. The date at which the act was approved, and the early period
at which I am obliged to call in the reports, necessarily curtail the
time available for field service to a few weeks of field activity, and '
hence curtail the usefulness of this investigation.

Edwin 8. Nettleton has been appointed as chief englneer bf this
department, and Robert Hay ag chief geologist. The engineer at
once entered on fleld work in the Dakotas. He is also preparing
plans for the prospective utilization in irrigation of the waters of
certain artesian wells. These plans are to be the basis for construct--
ing reservoirs, distributory ditches, etc., the cost of which is to be’
bbrne by land owners willing to meet the burden of such experi-
ments,

It has been represented to me that underflow waters can be made
available for purposes of irrigation by means of pumping at a less
expense than that entailed by the building and maintenance of ex-
tensive reservoirs, dams, and ditches. Inasmuch, moreover, as the
former plan, should it be found equally effective and economical,
would place this matter of supply in the hands of the individual
land owner, a feature which is in itself favorable to this plan, I have
directed the chief engineer to make a special investigation with a

. view to supplying reliable information on this point, with such de-

tails in regard to the relative cost of the work as will substantlate or
controvert the representations in question.

In Qctober Prof. Robert Hay proceeded to Northwestern Nebraska,
where, being soon joined by the chief engineer, a series of observa-

tions were at once made, both investigations moving southward. as

rapidly as possible, examining Western Nebraska and Kansas, the
adjacent section of Colorado, and the important drainage basins of
the Canadlan and Pecos Rivers w1th1n Eastern New Mexico. Levels
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are being run across this mid-section of the Great Plaing, and inves-
tigation of the underlying strata, their position and relations to the
wells, springs, and other ev1dences of earth waters, are in progress,
the results of which I hope to submit to Congress at an early day.™
It is hoped by these levels and field investigations to quite definitely
locate the sources, nature, and extent of the subterranean water
supplies. Similar field work will be continued in the Southwest
throughout the winter, and at the earliest date that the season will
permit active labors will be resumed along the whole line.

The Irrigation Inquiry Office, under the direction of Special
Agent R. J. Hinton, is preparing by my orders a concise but com-
prehensive progress report on irrigation, its development, and the
cultivation of the soil thereby. Monographs and reports will also be
made through this office by specialists and experts, who will examine
and report on such divisions of the arid region as they are most
familiar with. This series of papers will include, among others,
monographs on irrigation and water supplies in the mid-plains sec-
tion, Colorado and Wyoming; the basin division, including Northern
Arizona, Utah, and Nevada; the Northwest, or Montana and Idaho,
with Oregon and Washington east of the Cascade range; also Cali—
fornia and Southern Arizona, and the Valley of the Rio Grande.

A

AGRICULTURAL EXPERIMENT STATIONS AND OPPICE OF EX.
PERIMENT STATIONS.

The Office of Experiment Stations serves to connect the agricul-
tural experiment stations in the several States and Territories with
each other and with this Department, to bring to them the fruits of
accumulated experience, to indicate lines of inquiry, to assist them
in co-operative effort and in research, to co-ordinate their work, and
to collate and publish the results.

During the past year the work of the office has 1ncluded corre-
spondence; visiting stations; attendance on farmers’ meetings, and
conventions of college and statlon officers; the collecting and index-
. ing of statipn and other literature; the collectlon of statistics, and
the promotion of co-operationamong the stations. A most important
part of its business has been the preparation of publications, includ-
ing a record of the current publications of the stations and of this
Department; the proceedings of the Convention of the Association
of American Agricultural Colleges and Experiment Stations; organi- -
zation lists of the stations and colleges; circulars and letters of
inquiry and information on topics relatmg to station work; and,
finally, Farmers’ Bulletins.

The correspondence of the office is large andﬂ’_ has doubled in the
past year. It relates not only to the scientifi¢, administrative, and
general interests of the stations, but also to numerous and varied
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problems in agricultural science and practice, and extends to all
parts of the world.

The increase in the amount and improvement in the quality of the
work of the stations and the establishment of new ones have caused
corresponding increase in their publications. The editorial work of
the office is consequently enlarged, and the Experiment Station Rec-
ord for 1890-91 will include twelve numbers instead of six, asin the
previous volume. The Record, with its index, makes it easy to as-
certain what the stations are doing in any givenline of investigation,
what are the main results, and where the published details are to be
found. It will thus be increasingly valuable. Further provision
for collating and disseminating information is made in the Digest of
Station Reports and other technical publications of the office.

Each station distributes its own publications freely in its own State,
but can send very few outside, although the results reported would
often be equally useful in other States. To provide for the general
distribution of such information to the farmers of the whole country

a series of inexpensive popular bulletins has been planned. Of the

first of these an edition of 50,000 was speedily exhausted, and its
statements were widely quoted by the agricultural press. A second
bulletin illustrated the results of inquiries pertaining to topics of
practical interest. An edition of 150,000 was issued, of which 75,000
were distributed through members of Congress. The nature of these
publications led to the name ¢ Farmers’ Bulletins.” The work and

connections of the office are such as to bring to its attention a great |

amount of information of the highest value to the farmer, and I earn-
~ estly hope that the printing fund of the Department may be so en-
larged as to enable these popular publications to appear more fre-
juently and in larger numbers than heretofore. :

One direction in which the sphere of the office should be enlarged
is the collating of the fruits of agricultural inquiry in Europe, where
during the past forty years numerous experiment stations and
kindred institutions have been studying the laws that underlie the
right practice of farming, with results that are constantly increasing
in volume and value. Our station workers need this information to
enable them to avoid going over old ground and making old mistakes
and to suggest to them the most advantageous methods and lines of
research. The Department needs it for its own investigations and to
enable it to give to the stations the advice and assistance which they
desire. So urgent is the need that this work must be undertaken at
once, but that in order that it may be carried on effectively and with
sufficient thoroughness, an addition to the appropriation for the office
is imperatively demanded. "Well done, this work would save years
of experimental investigations in this country; without it the loss of
labor, of money, and of needed information will be great.

Plans have been suggested and are under consideration for coﬁp-
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erative investigations on the soils of the country; fertilizers; sugar-
beet culture; dairying; foods and feeding stuffs; the improvement
of native grasses, forage plants, and wild fruits, and the introduction
and acclimatization of new economic plants, the successful culture of
which will substitute home-grown for foreign products. For the
‘most advantageous carrying out of these plans there is need of more
ifrequent visiting of the stations by the representatives of this Depart-
rment, especially of this branch of it, and of the occasional calling to
!Washington of the directors and leading workers of the stations for
consultation. ' :
. A review of the work and condition of the experiment station en-
terprise in the United States is on the whole decidedly encouraging.
During the past year eight new stations have been established, viz.,
in North and Southeast Alabama, Arizona, South California, New
Mexico, North Dakota, Utah, and Washington. Experiment sta-
tions are now in operation under the act of Congress approved March
2, 1887, in all the States and Territories except Montana, Washing-
- ton, Idaho, Wyoming, and Oklahoma. In several Statesthe United
- States grant is divided, so that 52 stations in 43 States and Territories
are receiving money from the United States Treasury. In several
States branch or substations have been established. ' If these be in-
cluded the number of stations is 70.

These stations with this office expend in all about 785,000 per an-
num, of which $660,000 is appropriated from the National Treasury.
They employ over four hundred persons in the work of inquiry, and

‘are conducting a large amount of research in the laboratory and
greenhouse, and of practical experimenting in the field, the orchard,
the stable, and the dairy. During the past year the stations have
published about 300 reports and bulletins, aggregating about 10,000
printed pages. At a low estimate 3,000 copies of each of these pub-
lications have been distributed, making a total of 30,000,000 pages,
containing information on agricultural topics, directly disseminated
among the people by the stations during one year, and thousands
of newspapers and other periodicals have quoted from these pub-
lications the results, and to some extent the processes of the experi-

- ments described. It is believed that no means for popularizing the
teachings of scientific research has yet been devised which in scope
and far-reaching effectiveness surpasses this for the diffusion of agri-
cultural science. ) '

A marked feature of the enterprise is the close relation already es-
tablished between the stations and the farmers. In many of the
States members of the station staffs have been either organizers of
farmers’ institutes or among the foremost workersin them. The calls
upon the station officers for public addresses are numerous and in-
creasing. The station correspondence with farmers is very large,
and touches almost every topic connected with farm theory and prac-
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tice. Moreover, thé results worked out by the stations are applied
and enlarged by farmers who conduct trials upon their own farms
on plans indicated by the stations, and the proof thus brought of the

- capacity of our intelligent farmers for experimenting is most gratify-
ing. In short, the station and the farmer are working together and
to the advantage of all concerned.

Another encouraging fact is the aid given the stations by State
legislatures, local communities, agricultural agsociations, and private
individuals. From these sources the stations have received dur-
ing the past year about $125,000 in money, in addition to other gifts
of land, buildings, and equipment. This indicates that the generous
policy pursued by the General Government is acting already in the
case of the stations, as it has done for a longer time in that of the
land-grant colleges, as a proper stimulus to generosity on the part of
the States, communities, and individuals, and thaton the foundations
laid by the General Government are to be built large and strong insti-
tutions.” ;

The union with the agricultural colleges by which the stations have
secured the advantages arising from the use of libraries and labora-
tories, and from connection with specialists, teachers, and students;
the influences exerted by the Association of American Agricultural
Colleges and Experiment Stations, and, finally, the earnestness and
enthusiasm of the station workers, all conspire [to give the promise
of constantly increasing usefulness.

DIVISION OF RECORDS AND EDITING.

‘While this division, like several others, was actually called into
existence last July, when the act of appropriation which included a
provision therefor became a law, the work was practically dope under
another division in such a manner as to necessitate no reorganiza-
tion of the work when it became an independent division. For con-
venience it will therefore be referréd to in this report as a division,
even with regard to the work done before it was properly raised to
that dignity.

Since my last report this division has transmitted to the Public
Printer the manuscript for eighty bulletins, besides supervising the
printing of the Annual Report of the Department. With reference
to the majority of these bulletins it has also prepared the usual
synopses on the plan indicated in my last report, whereby as was
anticipated the circulation of the bulletins has not only been greatly
increased, but it has been effected far more promptly than was usual
heretofore. The advantage of prompt distribution is especially ap-
preciable in regard to the bulletins of this Department, relating as
they do to the practical work of agriculture, which itself depends
upon times and seasons with such regularity that 'delay in the distri-
bution of a bulletin of a few weeks or even a few days in some cases
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~ may render it unavailable to the farmer for practical use until another
season. An effort has been made to exercise greater discrimination.
in the distribution of bulletins, by which those relating to particular
branches of agriculture should reach only those engaged therein. - A
great waste of bulletins hasthus been avoided, and the circle of those
who are benefited by the Department bulletins has been enlarged in
far greater proportion than the number of copies distributed.
The work of publication of the Department has been much aided
by the establishment of the division. Indeed, this work has attained
“such proportions that it is eminently desirable that ‘there should be
one office serving as the channel of all communications between this
Department and the Public Printer, and the result has, T believe,
been as satisfactory to that official as to ourselves. It is only just
that I'should here give due credit to the efficient management of the
present incumbent of that office for results which have given us dur-
ing the last twelve months; at an expense slightly less than.that of
- the twelve months previous, publications aggregating in number of
copies 1,183,000, as against 566,000 for the twelve months previous,
At the same time a due share of the credit for the excellent results
and good administration of our printing fund during the past twelve
months belongs to the new division. In spite, however, of these ad-
vantages, I regret deeply to have to report that for want of a suffi-
cient printing fund useful publications have had to be unduly post-
poned, while some have had to be abandoned altogether. The amount
at the. disposal of the Department for the previous fiscal year was
$39,235.45, a sum even less than that of the year preceding, which
was $40,914.37, and both these years this amount was secured only
by obtaining a deficiency appropriation. Notwithstanding the im-
mense increase in the number of divisions over two years ago and
. the fact that the accumulated experience and efficieucy of divisions
long established increase the number of publications, the appropria-
tion for the current year is only $40,000, a sum less than that expended
two years ago.

The measure of the efficiency of the Department of Agriculture is
largely its ability to supply practical, useful information to the pub-
lic, and I can not but deplore in the strongest manner any policy
which shall weaken the power of the Department for good in this its
most useful field of labor, because that which is essential to the prac-
_ tical results of every other. To concentrate the time and ability of
the chiefs of the several divisions and their assistants upon the in-
vestigation of problems with which our farmers have to contend, and
when practical results have been obtained to withhold the means of
making them public for the benefit of those whom the Department
is created to serve, seems to reach the heights of unwisdom.

‘With regard to the publication work of the future, I have found
that it will be necessary to divide the publications of the Department
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into three classes. The scientific work of the several divisions, for
obvious reasons, must be recorded in a form available to the scientist
and to the student. Even where no practical results are immediately
obtained, the work doneis so much accomplished on the way toward
them, and the preservation of a record thereof for future reference
will save to us needless repetition. Limited editions, therefore, of
-a series intended to serve as a technical record of the scientific work
. of the several divisions are needed. A. second series, in the form of
special bulleting containing the results of investigationsand informa-
tion of value to specialists in agriculture, to be issued in editions con-
siderably larger, must be undertaken for the benefit of those who,
without being scientific in any sense of the word, are engaged in some
practical department of agricultural work, such as horticulture,
dairying, stock raising, etc. In additionto these two series, we have
‘found it desirable to cause the publication from time to time of short
practical tracts, inexpensive in form, devoted to some special feature
of agricultural work calling for clear, concise instructions, within
the comprehension of any person able to read them, and available
for immediate distribution in some particular section or to some par-
ticular class. The circulation of these bulletins must vary according
to the demands of the occasion. y

Again, as in the case of this class of bulletins issued through the
Office of Experiment Stations, Farmers’ Bulleting 1 and 2, it is de-
sired to give in the plainest possible manner the gist of experimental
research throughout the country on some one or other of the many
important agricultural problems which it is the province of the sta-
tions to investigate and solve. To fully cover the field of publication
to the extent which I deem absolutely essential to this Department,
I have been obliged to name the sum of $60,000 as the minimum
amount necessary to carry out my purpose. In this connection I
will only add that it is not only unsatisfactory, but seriously preju-
dicial to the efficiency of the work, to be compelled year after year
to formulate plang’of publication on an insufficient appropriation,
trusting to a deficiency appropriation to supplement it. Many of our
publications need six months’ careful preparation, and, as I have
already pointed out, delay in publication when a bulletin is ready
often means a loss of one year’s time to the farmers of the country.

DIVISION OF ILLUSTRATIONS.

Considerations in some degree analogous to those which led me to
establish a division of records and editing led to my organizing the
work of illustrations as a separate division, which, under the com-
petent direction of a single chief, should includeall the draughtsmen -

and engravers employed in the Department. These have been here- -

tofore scattered here and there among the several divisions, and I
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concluded that better results would follow from the performance of
all the work of this character under the direct supervision of a com-
petent artist. Moreover, I am well satisfied that aconsiderable sav- .
ing will be effected in the expensive work of illustration by the exis-
tence of an officer charged with responsibility for supervising this
~ branch of the work for all the divisions of the Department, thus
affording to the chiefs of the several divisions an associate whom
they should consult in reference to all contemplated work of this
character. The work of this division has been, as it were, but just
begun under the new order of things, even sufficient room having
been lacking at the time the division was created; and this room has
only just been provided, although I regret to say the accommoda-
tions, for reasons which I have sufficiently amplified when dealing
with the question of the buildings, are far from adequate for the
work required of it. *

SEED DIVISION.

The distribution of seeds for the year ending June 30, 1890, -
exceeded in number of packages that of any in former years, although
the appropriation for that purpose was the same as that granted in
years immediately preceding. This was due to a radical change
made in the method of purchasing seeds, and to which allusion
was made in my last report, namely, the.employment of aspecial
agent, whose sole duty it is to visit personally different sections of the
country and inspect, as far as possible, the product of the seeds
offered to the Department and to look up such as seem to possess
especially desirable characteristics. The result has been so satisfac-
tory that, with an expenditure of money for the purchase of seedsno
greater than that of the previous year, the number of packages of
seed distributed has exceeded that of the previous year by three.
quarters of a million, the fact being that the total amount of seed
distributed by this Department during the last fiscal year would, at
the prices paid during the previous year, have cost the Department
$18,000 more than it has. An earnest effort has been made to intro-
duce new and important varieties of seeds, many having been secured
for that purpose in foreign countries. I may refer especially in this
connection to the Ladoga wheat, Bermuda grass seed and the sugar-
beet seed. .

I have also continued and enlarged the distribution of seed to State
experiment stations, these institutions having obviously the best facili-
ties for giving the seeds a thorough trial and for making such reports
‘vegarding the same to the Department as will enable us to arrive at
just conclusions as to the adaptability of the seeds to our climate and
0il, as to the best methods of cultivation, etc., thus enabling us to
accompany further distribution, if such be decided upon, with intel-
ligent and reliable instructions.
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DIVISION OF GARDENS AND GROUNDS.

This division is charged with the care of the grounds and conserva-
tories surrounding and attached to the Department buildings. The
grounds include some 40 acres, with roadways, walks, trees, ete., to be
looked after and kept in order; and in the conservatories and propa-
gating houses are conducted the propagation and culture of economic .
plants. The distribution of these plants throughout the country,
with due regard of course to the climatic conditions favorable to
their growth, devolves upon the Superintendent.

The conservatory attached to the Department is a common resort
of visitors to the national capital, and I have been impressed with
the fact that its educational features have not been as complete as it
seems to me is desirable. These conservatories are not only among
the finest in the country, but the plants they contain having been
selected according to a special design and embracing a very large
.variety not only of the ornamental, but especially of the economic-
ally useful varieties, much useful instruction would result to
visitors by the preparation for free distribution of a carefully pre-
pared catalogue; provided with reference numbers and a plan of the
greenhouses, so that the several plants could be readily identified.
As so large a portion of the conservatories is devoted to plants of
economic value, this catalogue should be sufficiently full to explain
the value of each plant, as well ag the method of cultivation and of
the preparation of the commercial product. I have accordingly
made arrangements for the preparation of such a catalogue; and am
quite satisfied that when completed the work will not only reflect
credit upon the Superintendent of Gardens and Grounds, to whom
it is intrusted, but will be found of great interest and value to
visitors to the conservatories; indeed, it will no doubt have the
effect of greatly increasing the number of visitors, especially of
those whom it should be the object of all public institutions to serve
in a particular manner. I refer to young people in attendance upon
our educational institutions. . ’

The plants distributed through this division during the past fiscal
year amounted to over 80,000, and included olives, tea, coffee, cam-
phor, strawberries, grapes, both native and foreign, citrus of many
species, raspberrles, date palms, figs, Japan persimmons, currants,
loquats, guavas, pine-apples, black pepper, vanilla, mangoes, and
bananas. Reports as to the results obtained with the plants so dis-
tributed are encouraging. The culture of the olive is fairly estab-
lished on the Pacific coast, and it seems likely that it can be
profitably established on the Atlantic coast as well, the tree being
well adapted to the climates over a wide range in the Southern States.
‘With this end in view, the Department recently imported some of
the best selected varieties, which are now being propagated for
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eventual distribution in suitable localities. There were also dis-
tributed some 10,000 cuttings of Smyrna figs of carefully selected
varieties, such as furnish the dried figs of commerce.

At present the camphor tree is found well adapted as a ghade tree
in Florida, where suitable shade trees are a matter of special inter-
est, and many plants have been sent into that State during the past
ten years. It is hoped that at some time the plant may be profitably
utilized for its commercial products. With the increased demand
for camphor, it is believed that the prices for the article would
warrant an extension of the plant in some of the Southern States.
It has been proved to withstand the climate of the Atlantic coast as
far north as Charleston, S. C. It is a hardier tree than the orange,
probably nearly as hardy as the olive. To enable those who may
desire to experiment with the tree, a quantity of plants will be
propagated sufficient for a generous distribution in the near future.

The black pepper, vanilla, cinchona, and the cocoa (Erythroxylon
coca) are being propagated and have been distributed to some
extent. Their success is as yet somewhat problematical, but is-
possible in some situations in southern Florida, where these plants
may obtain permanent foothold.

The importance of this work in the general encouragement of the
growth of useful and economic plants is shown by the large amount
of imports of fruits, nuts, spices, and vegetable products, which
could certainly be much reduced were the cultivation of these plants
undertaken, if only in those limited localities where they can be
cultivated with assurance of success.

THE WEATHER BUREBATU.

Under an act approved October 1, 1890, Congress directed “that
the civilian duties now performed by the Signal Corps of the Army
shall hereafter devolve upon a bureau to be known as the ‘Weather.
Bureau, which, on and after July 1, 1891, shall be established in and
attached to the Department of Agriculture.”

In accordance with this act I have included estimates for the en-
suing fiscal year for carrying on the work of the bureau thus created
in this Department. I deem it evident from the discussion which
attended the passage of this act, and from the wording of the act
itself, that in making this transfer of the ‘Weather Bureau to this
Department it was the intention of Congress that the work of the
bureau should be extended, in so far as might be necessary to a full
co-operation of this branch of the service with the work of the sev-
eral divisions already established in this Department for the benefit
of agriculture, without in any way restricting its general scope. In
this spirit I have submitted estimates for the coming year on the
basis of the wider range of work thus contemplated, and I take the
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opportunity of expressing here my own conviction that in many
ways the work of meteorological observation which this Department
will be thus enabled to carry on in conjunction with its other work,
will be found of great value to the farming interests of the country.
It is indeed self-evident that to complete the study of soil condi-

“tions, of animal and plant life, a study of the climatic conditious of
our country is indispensable. :

REPRESENTATION OF THE DEPARTMENT AT FAIRS, ETC.

In my last report I referred to the fact that there are held in this
country annually a vast number of fairs—usually a State or Terri-
torial fair in every State and Territory in the Union, many other
targe district or interstate fairs, while county fairs are very nearly
as numerous as the number of counties in the whole country. It is
a very essential part of the duty of this Department to keep itself
well informed in regard to the extent and character of the agricul-
tural resources. of all sections of the country, and I know of no
opportunity for adding materially to this information at so slight
an experise of time and money as is afforded by these exhibitions,
which bring together in one place samples of all the best that the
country can produce.

It is my desire that the representatives of this Department should
be found hereafter at all the principal State fairs, under instructions
to make a thorough report on the character of the exhibits, and at
the same time to avail themselves of meeting, as they will do on
such occasions, the leading representatives of agricultural interests,
from whom much can be learned as to the wants of the farmers, the
nature of their difficulties, and the best manner in which the Depart-
ment can serve them. Furthermore, I desire to carry this system of
representation at the fairs as far as possible, even to include county
fairs, by availing myself of the co-operation of the large staff of
voluntary correspondents of the Department distributed through all
sections of the country, and to whose enthusiastic devotion to the
cause of agriculture the Department has already been often and
much indebted. It seems to me that by such means a sort of bird’s-
eye view, as it were, might be obtained of the agricultural resources
of the country, with the result of supplying this Department with a
vast amount. of valuable information which can not only not be
secured so easily in any other way, but indeed can not be secured at
all except by these means. .

Among other services which these representatives could render
the Department would be the collection and forwarding to the
Department museum samples of the various exhibits which at
present are too frequently scattered and lost. This subject naturally
leads to a consideration of the necessity for a more frequent inter-
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change of thought between this Department and the agricultural
intelligence of the country. I called attention in my last report to
the fact that there had been, especially in the past few years in the
United States, an enormous development in the agricultural organi- -
zations devoted to the farmer’s self-improvement. Our dairy asso-
ciations, our horticultural, life-stock, and kindred societies, have not
only multiplied as to number, but to-day are far more active in -
holding meetings and conventions than they have ever been before.
The farmers’ institutes are meetings of a general character, attended
usually by the best farmers in the sections in which they are held,
and bringing together the best agricultural thought and practice.
Not only do I deem it to be of the utmost importance, indeed a
solemn duty devolving upon this Department, that these meetings
and gatherings should be encouraged in every possible way by their
representative Department in the National Government, but I con-
ceive it to be absolutely necessary for the intelligent conduct of the
work of this Department that it should be frequently represented at
such meetings, not only for the encouragement and benefit of those
present, but for the benefit of this Department and its division -
chiefs. \ ’ ) : .
Speaking from my own experience, I am aware that in the large
section of country with which I am familiar, from an agricultural
standpoint, most important meetings have been held in recent years.
Questions of the gravest import to the agriculture of this country
have been discussed at these meetings, and yet rarely indeed has
there been present any person representing the National Department
of Agriculture who could speak for it, and what is still more impor-
tant, learn for it the views and wants of these people. This is a
condition of affairs which calls for immediate remedy, and in so far
as the liberality of Congress will enable me to do so, I am deter-

mined to provide that remedy. It is only by the closest co-opera- . .-

- tion between this Department and the agricultural societies—the
Granges, the Alliances, etc.,—that the work of the Department can
be carried to its highest development and attain its greatest useful-
ness, and I recommend that a special fund be placed at my disposal
for this purpose.

COLUMBIAN WORLD'S FAIR.

The act of Congress approved April 25, 1890, gave national assent
“to and recognition of the proposition to hold a World’s Columbian
Exposition in the city of Chicago in the year 1893. The bill pro-
vides that there shall be prepared a governmental exhibit. For the
purpose of securing harmony of installation and arrangement, it wasg
provided that a board consisting of persons to be designated, one
each by the head of each Department, should be formed. In com-
pliance with this law I designated the Hon. Edwin Willits, Assistant
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Sacretary of Agriculture, as representative of this Department upon
" the board, and you ratified this nomination and designated him as
its chairman. Mr. Willits informs me that doubt upon the part of
the accounting officers of the Treasury has already been expressed
as to the avallablhty of the funds appropriated by Congress for the
work in hand, and at this writing we have an intimation that noth-
ing can be purchased nothing constructed, nothing exhibited which
is not now in the Departments and that no outmde assistance can
be employed in any branch of the work of preparatlon

In so far as the Agricultural Department is concerned, I say with-
out reservation, it were better to abandon the attempt to make any
exhibit than to undertake the task with such limitations. It cer-
tainly is not my intention to enter the exposition field in competition
. with the private, State, or corporate exhibitor, but beyond this field
there lies a wide region wherein this Department may operate in
illustrating those functions which are peculiarly its own. This
Department is instinct with science. A process can not be fully
illustrated on a printed page, and this exposition furnishes & rare
opportunity, which hardly comes twice in a lifetime, to supplement
" the publications, at present its only means of communicating with
the public, by a spectacular exhibition of current methods of dealing
,with agricultural problems and processes. If the work devolving
upon this Department in connection with this exposition is to be
undertaken at all, it must be in' such 'a manner as to guaranty sat-
isfactory results ; and in its performance we must be left at liberty
to avail ourselves ot such material and such expert assistance as we
can find adapted to the.purpose. I commend the subject to your
attention in the hope that any obstacles to effective work now exist-
ing may be removed by bongress and that the work may proceed
without delay. ‘

THE MUSBUM.

The ngeds of the Museum have continued to receive  my most
thoughtful attention. A marked improvement in the appearance of
the exhibit has been effected by its re-arrangement and renovation;
and plans have been perfected by which, it is believed, the aid re-
cently granted by Congress will be applied to the best possible
advantage. The educational, scientific, and historical interests
which would be promoted by a distinctly agricultural museum of
suitable character are too generally recognized to need urging at
this time. It should be a matter of regret, however, that for the
thousands who annually visit us from abroad, impressed in advance
with the magnitude and diversity of our agricultural productions,
we should have no permanent national collection fitly illustrating
the products of our soil. The need of such a collection, moreover,
is being keenly felt in investigations prosecuted by this Department.
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and involving important economic questions, the solution of which
could be materially facilitated and hastened by access to the actual
results of cereal growth attained under various conditions of soil,
climate, and culture. I deem it a fitting time to suggest that proper
foresight on the part of Congress should secure for this Department,
after their exhibition at the Columbian Exposition, such available
articles relating to the operations of agriculture as shall be worthy
of place in a permanent exhibit; and that in the meantime suitable -
provision be made for the accommodation of the present collection
-and subsequent accessions.

ADEQUATE BUILDING FACILITIES.

A consideration of the wants of the Museum brings me to the
question of adequate building facilities. The want of these is con-
spicuously illustrated by the unavoidable utilization of a huge,
unsightly wooden structure, far inferior to many an exhibition
- building on a country fair ground, as an agricultural museum; fur-
thermore, the building being made to do service on occasion as a
general storage warehouse, and to accommodate not only the gilk
filature and cocooneries, but a number of offices for which I need
hardly say it is most illy adapted. Moreover, its use for this pur-
pose necessitates dividing the force of several divisions, one part of
the force being at work in one building and another part in another,
a condition of things which is found a serious impediment in carry-.
ing on the work. All the more important divisions are suffering
grave inconvenience, and important work is unavoidably delayed
owing to this condition of things; in fact, a vast amount of time and
pains, which might have been profitably devoted to more important

work, has to be unavoidably spent in devising ways and means to
" overcome, or at least to mitigate, the embarrassment and annoyances,
_ amounting to serious obstruction to the work of the Department,
entailed by this want of room. ’

I must therefore renew in the most energetic manner my earnest
recommendation that immediate steps be taken to provide this De-
partment with an additional building, suitable for the accommodation
of all the laboratory work of the Department, and at the same time
of a number of the offices, as well as with fireproof accommodations
for the reception of the valuable herbarium and other property of
the Department, which it has cost years of labor and large sums of
money to accumulate, and which, if they should ever be destroyed,
no amount of time and no amount of money could possibly replace.

PROMOTION OF CORN CONSUMPTION IN EUROPE.

I have long been impressed with the necessity of taking measures
to promote the consumption of Indian corn.in foreign countries. The
facility with which we can raise this cersal, its gqngra.lly low price,
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and the occasional glut in the home market in years when the yield
has been especially large, make an increase in our exports of corn
extremely desirable. It is essentially an American cereal, one which
can be grown in all parts of this great country, and the area adapted
to which is practically illimitable. Not more than 20 per cent. of
the crop on an average is moved outside of the county in which it is
‘grown, and to the extent to which this indicates the utilization of the
crop for feeding purposes on the farms where it is grown thig'is well;
but when we realize that this fact is due in part at least, especially:
in years, like the last, of an ample yield, to the absolute want of de-
mand, our home markets being fully supplied, it is certainly a matter
of profound regret that there does not exist a foreign demand suffi-
cient to relieve the glut at home, and to secure for our farmers in the
West a prlce which would be adequate at least to save them from loss
on the growing of the crop.

During the past ten years our exports have hardly exceeded 3 or 4
per cent. of the total erop. This is due largely to the fact that corn
is utilized throughout the greater portion of Europe golely as food
for animals, and then only when its very low price fompts the feeders.
As a food for human beings it is practically unknown, save in some
sections of Southern Europe, while in the greater part of that con-
tinent it can not even be grown to maturity. I have recently deter-
mined to avail myself of the presence in Europe of Col. Charles J.
Murphy, a well-known authority and enthusiast on the subject of the - -
increase of our corn export, who has been commissioned by me to
make a report to this Department upon the general subject of the
promotion of the use of Indian corn as a human food in Kuropean
countries. ~ Colonel Murphy’s report will be made the subject of a
special bulletin as soon as it shall have been received, and will no
- doubt treat of this important subject practically and well.

REPRESENTATION OF THE DEPARTMENT ABROAD.

I desire to record here very emphatically my conviction that some
‘method must be adopted by which, as accasion requires and withont
long delays, this Department shall be enabled to send representatives
to foreign countries in cases where only perscnal visits can be relied
on to secure much-needed information. The subject of world-wide
competition has been dwelt upon at length on so many occasions that
it would be purely superfluous to insist here upon the active compe-
tition which meets our own farmers in every market where their
products are offered for sale, The commercial side of this condition
of things is well nnderstood, but it does not seem to be so clearly
understood or so well apprecmted that there is an intellectual com-
petition which is even more serious than the other, in that it is the
basis of the other. : :

"
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Where wise economic legislation is the cure, the perfection of agri-
cultural methods, which means the maximum of production at the
minimum of cost, is the prevention of agricultural troubles. In our
pursuit after this perfection we must study the methods of all other
countries that attain or approach it in any branch of agriculture.
'We must be prepared to learn all that is to be learned elsewhere, and
then wisely adapt the information so obtained to the conditions of
the American farmer. Consequently that information must be ac-
. quired by men who are themselves familiar with our own agricultural
- conditions. This plan, except in so far as it is now offered on behalf
of agriculture, is by no means a new or original one. It is buta few
years since that a commission of distinguished military officers vis-
ited many of the European countries and British India for the pur-
" pose of studying the equipment of foreign armies with a view of
adapting to our own military service all that might seem to be advan-
tageous. I have understood that the report brought back by these
gentlemen was regarded by high authorities as most valuable. In
this respect, as in many others, agriculture has not had the fair treat-
ment which, in spite of the fact that it is beyond dispute the most
important industry in the country, is, after all, all that it asks for.
The suggestion of sending a well-qualified representative abroad
purely in the interest of agriculture is cavilled at as a means of afford-
ing a pleasure trip to some broken-down professor. It is time that
we rose superior to such humiliating and unworthy puerility.

It may be well, perhaps, in this connection to call attention to the
~ fact that we are in this respect far behind the other nations of the
world, however disagreeable it may be to confess it. Important
gatherings of men devoted to agricultural science, and enjoying by
the courtesy of the government under whose jurisdiction they
assemble every privilege and facility for gaining information in
regard to the agriculture of that country, are constantly being held
in various parts of the world, at which representatives of this, the
greatest agricultural country in the world, are conspicuous by their
absence, and when we are represented it is often by some wealthy
amateur enjoying his ease abroad, or, as is sometimes the case, by
some enthusiast, who, at a sacrifice of time and money which he
can ill afford to spare, manages to attend; but officially this country
and this Department are very rarely represented on such occasions.
A most notable instance of our omissions in this respect was fur-
nished during the meeting last September of an intérnational agri-
cultural congress at Vienna, in which we had been especially in- -
vited to participate by the Austro-Hungarian Government, at which
over eleven hundred delegates were present, including distinguished
representatives of agricultural interests from -every country in
Europe, from Japan, from Australia, from India, and from South’
America, and at which were discussed subjects of yprofound interest

. e
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to American agriculture. This was a meeting at Whlch for many
reasons, it was most desirable that the United States, through this
Department should have been officially represented. Unfortunately,
for want of adequate provision, the United States alone, of all the
leading ¢ountries of the world, was absent. h

‘Let me here recall the fact that since I had the honor to assume
the office of Secretary of Agriculture I have been visited by gentle-
men from Austro-Hungary, Germany, Bavaria, France, Great
Britain, Canada, Australia, New Zealand, Japan, and even from one
of the native principalities of the East Indies, the official represent-
atives of departments analogous to my own in their native countries,
traveling under orders from and under the pay of their respective
- governments, armed with all the official credentials necessary to
secure to them every attention and courtesy necessary to the prose-
cution of their inquiries. Thus do these countries indicate their
.willingness to learn whatever we may be able to teach.them. Thus
do they recognize the fact upon which I have already insisted—that
there is an intellectual as well as a commercial competition, to which
the old maxim, ‘“Knowledge is power,” applies with a force which
all must recognize.

In concluding this my second annual report as Secretary of Agri-
culture, I feel amply justified in expressmg my general satisfaction
at the condltlon of agricultural matters in our country. It is true
that in many cases the effects of former agricultural depression are
still felt, and it is also true that in'a vast country like ours there .
must be at all times more or less depression existing in oné section
or another and affecting some local interests. Nevertheless, a care-
ful review of the events of the past year and a general survey of
~ the agricultural field to-day betoken marked improvement in the
condition of our agriculturists and promise well for their future
well-being.

The recognition of agricultural interests in recent national legis-
lation will have the double effect of assuring the farmers of the
appreciation of their wants as a class by our public men and of
securing to thém many beneficial results in the near future. I have
also had frequent opportunities of noting with sincere gratification
the rapidly growing tendency of our farmers to avail themselves
of the work of this Department in/its many branches and their con-
stant thirst for more information, not only in regard to the statistics .
of agriculture, but as to the scientific principles which all are now
beginning to recognize as lying at the very foundation of successful
agricultural work. That the means for imparting this information
exist in this country through the liberality of the National Govern-
ment on a scale far beyond any that has been attempted in any
other country wdbr the sun, is a fact which all must gratefully
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acknowledge, while this very fact, coupled with the earnest demands
for increasing information, it must not be forgotten, adds largely to
the burden of responsibility imposed upon this Department and its
officers, upon the national legislature, which is responsible for pro-,
viding it with the means necessary to enable it to satisfy these con-
stantly increasing demands for information and advice, and upon
those numerous institutions scattered throughout the country and
specially endowed from the National Treasury to labor for the benefit
of agriculture. '

Much indeed has been done for agriculture in thiscountry. Much
more remains yet to be done; but relying upon the results of an
earnest co-operation on the part of all the great forces which I have
indicated as at work in this behalf, and confident of the cordial sup-~
port of the people of the United Btates in all steps taken by the
National Government to further the interests of that great founda-
tion industry.of agriculture, upon which the future prosperity of |
the country so essentially depends, I look forward with courage to
the work that lies before us in the future and with confidence to the
time.when, in the high quality of its work as well as in the magni-
tude of its enterprises, the agriculture of the United States shall
" not only lead all other industries in this country, but shall be the
leader in this great industry of allother countries. »

In the hope that together with the people of the United States
_you may be led to the same encouraging conviction by a considera-
tion of this report, I have the honor to respectfully submit the same.

Very respectfully, your obedient servant, ‘
J. M. Rusk,
Secretary.
.
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S1r : In accordance-with your request, I beg leave to submit the
following review of the scientific work of the Departtizent in its re-
lations to practical agriculture, to form a part of the Annual Report
of the Department.

Trusting that it may fully cover the object which you had in view,
and that its publication may serve to emphasize in the minds of the
readers the determined effort in every division of this Department
under your administration to conduct all the work in a manner sub-
servient to the best interests of practlcal agriculture, I have the
honor to remain,

Very respectfully, yours,
Ebwin WILLITS,
Assistant Secretary.
Hon. J. M. Rusk,
Secretary of Agmcultm'e

_“_l,)/T».
THE SCIENTIFIC WORK OF THE DEPARTMENT IN ITS RELA-
TIONS TO PRACTICAL AGRICULTURE.

Agriculture to be permanently successful must be founded on, and
‘conducted according to scientific principle. . As all legislation not in
‘accordance with fundamental economic laws will sooner or later

fail in its beneficent purpose, so agriculture without an intelligent
apprehension of its conditions and limitations, without a wise con-
sideration of the laws to which it is subject, without a proper appli--
cation of every means to enhance its productiveness, will ultimately
fail to respond to expectations and will bring disaster to the farmer.
Nature can not be cheated, and her implacable laws will surely find
out their transgressors. There is a plague-stricken soil as well as a
plague-stricken population. Sanitation and vegetatlon are not acei-
dents: for both there are arts that promote and arts that prevent in-
jury. Science is at the bottom of each.

Science is classified knowledge. This knowledge comes from ex-
perience and from investigation. It is as important to know what

*ay . 59
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has been done as to know what it is possible todo. Science arranges
the facts of the former in line and finds a law; or it investigates,
projects itself into the unknown, and discovers other laws or ampli-
fies those already known. Men who heed theselaws avoid mistakes,
conserve their energies, and double production. .

The practical farmer too often forgets or ignores what he owes to
science. He perhaps is sometimes not aware of the obligation. How
many farmers, for instance in the temperate zone, would be moved
to build a monument to the man or men who invented hay as
adapted to modern use? +Yet in a large sense hay is a modern dis-
covery, based upon long experiments made in the importation, culti-
vation, and improvement of grasses till then unknown to the agri-
culturist. As recently as the sixteenth century the average weight
of the bullocks bought for the English navy was less than 400 pounds.
Fer want of hay the sheep were mostly killed in Noveniber, and
such as were left were, with the oxen, starved through the winter,
' go that improvement was impossible. The grass experiments,
. scientific and practical, of the Duke of Bedford and others, made

the 2,000 pound bullock possible, by furnishing food for continuous
unstinted growth, winter and summer, from birth to maturity. It
was by no accident that the few useful grasses upon which are based
the live stock and dairy interests in the magnificent proportions of
the present time were brought from diverse countries and made
subservient to the interests of mankind.

How long it took the world to learn that proper rotation of crops
¢ rests the land” ag effectually as fallowing, thereby saving one crop .
and sometimes two a year; to learn that the increase of live stock on
the farm within and under certain conditions increases its fertility;
to learn that artificial drainage warms and lightens cold and heavy
soils, advancing the harvest by wecks and bringing the -subsoil to
the relief of the impoverished surface, by which as some one has
said we find a new farm under the old one, or as Emerson so graph-
ically says, by drainage we have gone to the subsoil, and we have
a Concord under Concord, a Middlesex under Middlesex, and a
basement story of Massachusetts more valuable than the superstruc-
ture.” These matters were all demonstrated by the application of
scientific principles long before adoption by the world at large.

It is perhaps a waste of words to continue a further discussion of
what agriculture owes to science. Illustrations multiply as the ever-
widening field is traversed. Suffice it tosay that to the introduction
of scientific methods and processes is due in large measure the eleva-
tion of those who till the soil to their present high estate. Science
carries intelligence with it wherever it goes, and its wains are
freighted with the burdens of increased harvests. In line. with this
sentiment and in furtherance of the demand of the’farmers of the
United States, was founded . ‘
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THE DEPARTMENT OF AGRICULTURE.

As far back as 1822 a strong effort was made to transform.the
¢ Mall,” some 200 acres, between the Capitol and Executive Mansion,
then almost a barren waste, into an experiment farm, in which
should be propagated for distribution new and rare seeds and plants.
Nothing came of the agitation in that form, but in due time a
division was established in the Patent Office to gather facts and
disseminate information for the benefit of agriculture, and after
a while to purchase new and rare seeds and plants in limited quan-
tities for gratuitous distribution. The demand for better things
grew till finally a separate and independent department was set up
on 40 acres of the ‘“ Mall” which forty and more years before was
sought for an experiment farm. With this transfer came enlarged
powers and duties. In accord with enlightened progress, the means
were given for original, scientific investigation. - Several new divi-
sions were created for that purpose, among which chemistry was
chief. Since then, from time to time, other lines of -inquiry have .
been added till there is hardly a topic of investigation relating to
agriculture, suggested by modern thought, that is not in greater or
less degree covered by the work of the Department. Its halls are
instinet with science. The chiefs of the divisions and many of their
subordinates are eminent in their special lines, and are recognized
for their work and their ability the world over as the peers of any
like body of investigators, seek where you may.

One of the gratifying features of this development in scientific
‘research is that the practical character of the work has not one whit
abated. Much more than one half of the money appropriated is
used for the gathering of facts and statistics, for the purchase and
distribution of seeds and plants, for the extirpation of contagious
diseases of animals, for the introduction of and experiments with
forage plants, for the inspection of meats and animals intended for
export, and finally, for the dissemination of information. The most
abstruse scientific inquiry is tempered by a practical impulse. The
best- scientific work has for its end the useful and the permanent
good of agriculture. Here is exemplified what history again and
again shows, that the best and highest scientific work has always
been allied with the useful. Men need to be harnessed to facts,
theories need to be in touch with realities to produce the best results;
truths substantially verified in.our experience. At the same time
the publications issued by the Department constitute a mass of in-
formation the most extensive and varied among the nations of the
earth. The annual report, of 400,000 copies, constitutes the largest
~ single edition of any book published. In their practical character,
in their scientific worth, and in the promptness of their issue, our
publications are tM admiration of all representatives of foreign
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“ governments accredited to the Department to study its workings
and eficiency.

So much it is thourrht is due to make it clear that in this develop—
ment the cardinal purpose and duty of the Department is not lost
sight of. It remains now to consider in detail the

SCIENTIFIC WORK OF THE DEPARTMENT.

This work may be properly divided into three classes: (1) The
experimental; (2) the remedial; and (3) general science.

As a matter of fact this classification is not made by divisions,
but lalgely characterizes the work of all the d1v1s10ns The clagsifi- -
catlon is generic, not divisional.

L —-—THE EXPERIMENTAL,

This may be subdivided ﬁor more clear definition into (1) the
empirical, and (2) the economic. ’

The empirical.—This term empirical is used for the want of a
better, though not strictly accurate. By the term is meant that
class of experiments which are not popularly considered scientific,
though in fact based upon a scientific principle. This work is more
fully carried on by the Seed Division, the Horticultural Division,
the Pomological Division, and the Botanical Division.

The distribution of improved and valuable seeds and plants is
sound policy, because based upon mnatural law. In a wide sense
nature has made her own distribution which all experiments must
recognize, and it is the study of the laws of this distribution that
constitutes the scientific element of the empirical work, and which
renders our definition not strictly accurate. For instance, it was
practically a useless waste of funds to distribute cotton seed to the
State of Michigan, which was done for a while under the ironclad
appropriation that each Congre%man should receive his quota of all
seeds—an anomaly subsequently rectified. Climatic and other con-
~ giderations (really scientific) should have their weight in the pur-
chase and distribution. But, within comparatively certain lines,
~ there is a wide field for improvement in quality and product, by the
judicious introduction of new varieties and the transfer of valunable
ones from one locality and condition to another. :

‘While nature in the broad sense has placed her varieties of vege-
table life in the regions to which they are best, and sometimes
where they are exclusively adapted, there are some very marked
© exceptions. For instance, the potato, corn (maize), and tobacco
were indigenous only on this continent. Theirifransfer to Europe
has been an untold benefit to its teeming populgdtion. The transfer
to England, in the seventeenth and eighteenth™century, of some of

#
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the grasses indigenous in Virginia and Maryland, rendered it in.
large measure possible to make the hay in abundance, which has been
noted near the beginning of this article, and which was the prime
cause of the modern development of the cattle industry. The plant-
ing of the Kucalyptus tree, indigenous in Australia, has been a boon
to treeless Southern California. We need not to be reminded that
nearly all our cereals as woll as our domestic animals are of Euro-
pean or Eastern origin. These illustrations cover broad lines, but
they are sufficient to establish the fact that the securing of new seeds
and plants for distribution is a paying investment properly con-
ducted. On the other hand, it is equally as susceptible of demon-
stration that the distribution of valuable seeds and plants, not new,
but well known, from one locality to another, is promotive of a
higher and better production. . Taken from a locality where they
succeed at their best estate, they carry with them to their new home
some of the impulse and vitality they took on where théy were grown.

This is nature’s secret at the bottom of the beneﬁts in “change of
geed.”

Recognizing these facts (based. as has been noted, on scientific
reasons), Congress for nearly fifty years has appropriated funds for
the purchase and distribution of new and valuable seeds and plants,
and has committed the duty of carrying on the work to the Depart-
ment of Agriculture. ' 'While it is conceded that many mistakes have
been made and some notable failures have occurred, the fact re-
mains indisputable that great benefits have been conferred upon the
agriculture of the United States by the distribution. We can, out
of many, give only ‘a few illustrations. Take one from the Seed
Division, that of the wheats sent out. Many kinds have been dis-
tributed. The most of them appear in the list of those now culti-
vated, but the number disseminated is of little importance compared

“with the prominence of some of them in the wheat growing of the
present day. The variety which has the widest distribution is the
“Fultz,” a red winter wheat, which originated in Pennsylvania,
and. was distributed in 1871 and subsequent years. The area now
occupied by it is four times as much as that devoted to any other
wheat, and probably occupies one third of the area seeded in winter
wheat, producing at least one fourth of the wheat harvest of the
country. The next in extent is the ‘‘Mediterranean.” This was
imported by the Department twenty-five years ago and for several
subsequent seasons from Marseilles, France, and grown on the
islands of the Mediterranean Sea.. The next was the “Fife.” It is
almost as prominent among spring wheats in the proportion of its
cultivation as is the Fultz in the domain of winter wheats. It is
the great wheat of the Northwest, introduced by the Department.
The next.and fourth in importance is the ‘“Clawson,” so well known
in Michigan. Many more might be mentioned, taking a lower rank,
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‘but which are leading varieties in many localities. The four named
yield nearly or quite one half of our usual crop. Last year the De-
partment distributed seven home varieties and four new imported

" _omes. The home varieties consisted of three new improved ones and

four of more than local celebrity, to be transferred to the localities
in which they were not grown. Of the four imported two were
of Black Sea and Italian parentage, for our Southern States, and
two of English and French parentage; all raised in and thoroughly
acclimatized to France. Itishoped that outof the four we may find
at least- one substantial acquisition. They all may prove failures.
That is the reason why the experiment is called empirical, having -
as it does a large element of chance in it, though careful study was

made of the strain, of the varieties, and the conditions of produc-

tion. ' :

So much for the Seed Division, though illustrationg too numerous
for this article suggest themselves. Let us take one or two from the
" work of the Horticultural Division. This deals largely, of course,
“with plants. It first introduced the Russian apple, which has such
rare success in the West and North. It introduced the Japan per-
simmon, which has become so largely cultivated in Florida and Cal--
ifornia. The celebrated Washington navel orange of California
was propagated from a tree growing in the hothouse of this Depart-
ment. Those who have seen this wonderful orange grow will concur
in the statement one repeatedly hears in California, that the intro-
duction of this one variety was worth more to the country than the
total cost of the Department of Agriculture. The original plant
came from Bahia, Brazil. It took three years ahd two failures
before success was attained, and then only in rearing a single tree,
from which has come such a progeny. We can not stop to enumer-
ate the catalogue of fruits and plants and fibers introduced, of the -
pineapple, olives and figs, dates, and citron. We will. stop, how-
" ever, long enough to speak of the citrons and figs recently imported
by the Pomological Division, and of the date palms from Egypt, just
distributed in California and Arizona, and upon which great ex-
pectations hang.

The Botanical Division is specially charged with the experiments
with the grasses and other forage plants. During the existence of
the Department the Seed Division gave much attention to the dis-
tribution of grass seeds, but it is not till within the last two years
that the thorough and exhaustive experiment has been assigned to
a division which shall make it a specialty. It is believed that the
era which was inaugurated by the English experimenters, heretofore
noted, can be repeated; that they did not exhaust the subject; that
new grasses and forage plants can be found that will successfully
enlarge the list. Another reason for entering upon the work is that
the results of the English experiment accrue only to a comparatively

i
V
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small portion of the United States. The conditions south of Vir-
ginia and Kentucky and west of the Missouri River are so different
that the staple forage plants will not thrive in economic production.
The South needs a new line of grasses as much as did England in
- the sixteenth century, and for substantially the same reason. . The
Great West, which is developing so rapidly, presents altogether
another problem. All the grasses known to us in the North have
been practically discarded there and others are supplanting them.
The list is at present small, even under irrigation, and the hope is
that it may be largely increased; while without irrigation there is as
yet no known grass that will succeed under cultivation. Perhaps
two thirds and more of that vast territory is not susceptible of irri-
gation. A considerable portion of this area is covered with native
grasses of limited production that close and continuous pasturage ,
destroys, leaving nothing in its place.

It is believed that from those native grasses, from those in Siberia,
in India, and in South America, some varieties may be found that
shall “stick” and thrive permanently, thereby quadrupling at least

‘the production. It will doubtless take many years to accomplish
this. It took England fifty years to develop her grass industry.
Long before the expiration of half that time the advancing tide of
population will utilize the results of these experiments, if successful,
without in any sensible degree affecting the value of the products of
the older and more thickly populated States. It is wise statesman-
ship to anticipate the wants of the future, and to determine how far
it is practicable to make homes for the teeming millions to come.
The Department of Agriculture is for the whole country, and should
canvass the wants of all. The South, if these experiments prove a
success, will find in them the means of restoring her sterile acres,
and of preventing further depletion of her soil, and at the same time
of developing an industry that shall make her more self-sustaining.
The West may gradually force back the lines of the desert, and with
grass to temper and forest trees to resist, may hope to modify the
blizzards. .

The economic.—This is the second branch of the experimental
work. This characteristic may be found in all, but in a less degree
than in the Chemical Division. The most marked feature of this
division in this line is its work on the sugar question. This experi-
ment and investigation is one of long standing. A large amount of
work was done to determine whether there was sufficient saccharine
matter in cornstalks to produce sugar with a profit. It was firfally
decided that there is not. Then, or in a measure concurrent with
the corn experiments, began a long line of tests on sorghum; first,
to determine the variety, the richest in saccharine qualities; second,
to find the period of maturity productive of the largest yield, and at
what stage of its growth the sugar would crystallize most readily,

AG 90—5
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and with least loss in molasses. The cane upon which these tests
were made was planted, cultivated, and gathered under the gupervi-
sion of the division. Both objects were satisfactorily determined,
and for a time it looked as though the general production of sugar
from sorghum would prove a success, but the price of raw sugar in
the market took a large decline, so great that sugar from sorghum
could not be economically produced, resulting in the collapse of the
new industry, as well as that of the manufacture of glucose, a basg-
tard sugar with which the genuine was adulterated. The experi-
ments continued, however, taking the form of improving cane by
careful scientific cultivation and propagation, so that the yield of
sugar might be increased,.and in determining what localities, if any,
were adapted to its economic production. Considerable success has
attended’ the work. The quality of the cane has been sensibly im-
proved, and the regions of highest production pretty well defined; but
at this date the promise for a general sorghum-sugar industry does
not equal the high hopes of its most sanguine promoters, though it
promises to be a success in a restricted locality. The experimént,
however, has proved a.most valuable one, even where it has failed,
worth all and more than it cost, in that it has been demonstrated
that sugar in unlimited quantities at a price but little above the cost
of foreign sugars can be manufactured, so that in case of national
emergency or gcarcity abroad our country may be amply supplied
with home products. : :
If the maxim “In time of peace prepare for war,” is a good one in

a military sense, it is no less so in an economic. A great deal of
scientific work has been done in the analysis of the cane, in the study
of all the processes of extracting the juice and its manufacture, in
the improvement of the machinery and apparatus, in the elimination
of waste by new methods and new processes, so thata full knowledge
of the conditions and the possibilities of the industry has been ob-
tained. These experiments have not been limited to sorghum cane,
but have covered that of the sugar cane of Louisiana. With the
latter the improvement is so marked that it is worthy of special note.
The tndustry in Louisiana has been of so long standing that com-
parisons can be made. It has been.proven that by modern processes
developed with the cosperation of the division, and in many re-
spects under its direct instruction, the yield of sugar from a given
average ton of cane can be raised from 120 to 200 pounds, the differ-
enee of 80 pounds being lost in the operation conducted according to
the o1d mathods. 'When the new processes shall be applied by all
thé cane-sugar producers, an increase of product in the area of pres-
ent cultivation would be effected to the value of more than $10,000, 000
annually. These results from both the sorghum and the cane ex-
periments amply justify the work and the expenditure. These ex-
periments still continue, and in addition, under direction of Congress,
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he cultivation of the sugar beet, and the manufacture of sugar

therefrom, have been taken up. A large amount of the best seed

from Europe has been obtained and distributed in the localities sup-

posed to be best adapted to their growth, and analyses of the beets

from a wide region of country are being made. At this writing the
most flattering hopes are excited from the showing made. The pre-

vious work done with sorghum and sugar cane makes the transition

to the beet sugar inquiry an easy one, and its solution will be more

rapid, mtelhgent and satisfactory.

II.—-THE REMEDIAL.

Vegetable and animal life are subject to similar conditions. A
tree and an animal live essentially on the same elements. They both
grow to maturity, and in due time die and decay. Both have their
enemies and their diseases. There are diseased cattle and diseased
vines. No one speaks of a diseased granite block. It is this life
and its conditions, therefore, that has its enemies and its diseases.
Anything that saps or stops nutrition is an enemy to life, and may
be the cause of disease. Growth stopped, decay begins, and death
ensues. Kill the enemies, stay the disease, and life continues to
maturity and production. Whatever kills the enemy is a remedy,
whatever stays the disease is a cure. Neither adds a particle to the
inherent life. Both simply remove obstructions and life goes on.
The means and methods of killing the enemies and curing diseases
are remedial, and a large part of the work of the Department is the
study of these remedies.. The Division of Entomology is charged
with the killing of the animal enemies that attack plant and animal
life; the Division of Vegetable Pathology, with remedies for the
diseases of plants; the Bureau of Animal Industry, the diseases of
animals. We will discuss the work of the last two first.

Manifestly the most logical way is first to find the cause of the
disease, then the work of finding a remedy is simplified; the finding
of the cause in very many cases suggests the remedy. 1If is truethat
experiment often finds a remedy, but with great waste of time and
energy if the cause is unknown. What is the cause of plant disease?
‘What is ““pear blight?” = What is ‘“ peach yellow,” or ‘““apple scab,”
or “black rot” in the vine? Whatis that ¢ vine disease ” which goes
through a vineyard as a ‘‘flame of fire?”” Whatis ‘‘rust” in wheat?
‘What is ““potato rot?” What is “mildew?” Again, what ig the
cause of diseases in animals? What is ““hog cholera,” or “swine
plague, “pleuro -pneumonia,” or ‘‘ Texas fever,” or ‘“‘tubercnlo-
8is,” or glanders or ‘“ horse distemper?” ‘

Now modern science has gone far toward demonstrating that the
ultimate cause of all these diseases and many not named is an
infinitesimal ““germ” or “spore.” This germ or spore has a mys-
terious life of its own that attacks the life of the plant or animal,
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It attaches itself to the plant, and as a fungus sucks out its vitality.
It enters the sap and destroys its nutritious qualities. It enters the
blood, and curdles it as it were by its marvelous power of reproduc-
tion, till the ¢‘issues of life” are spent.

There is, however, a dispute, notably relating to plant diseases,
as to whether these germs are the real cause of the disease, whether
they are not in fact an effect. Worms, say one side, eat the dead
body, not the live; mold takes hold of decaying not living wood.
These spores attack only the dead or dying. The disease antedates

the attack. Vultures will follow all day long the wounded deer to -
pounce upon him perhaps before his last expiring breath. So do -
these minute spores follow the decaying vitality of the seemingly
vigorous plant, which is, in truth, moribund. In other words, that
this fungus never troubles, or rather thrives on an absolutely healthy
vine, but that the vine is in process of decay, though it may not
seem so to the eye.

On the other hand, it is as emphatically claimed that it does attack
healthy plants; that in the same orchard or vineyard, in, the same
row, where all grow in the same soil and are in the same condition
of apparent health, growth, and vitality, one will be attacked and
the other left; that the disease can be produced at will in healthy
plants by inoculating the virus, that is the spore, into the sap; which
facts would seem to settle the controversy in their favor. Whether
it does or not, there can be no question that these spores either are
the cause of death or hasten it, so that if they are killed before they
have got in their work, the life is in one view saved, in the other
prolonged. In either case the remedy is fruitful. The experiments
of the Division of Vegetable Pathology fully establish this fact.

This diversity of opinion does not exist to the same extent, rela-
tive to the germ or spore existing in animal diseases. It is true,
nevertheless, that it is claimed that many of the maladies are caused
by the lack of vitality in the subject, by which it is unable to resist
the attacks of the germs already-in the system; that a healthy body

" has the ability to keep them in subjection,but any derangement, some-
times a simple cold and the hitherto inert forces take new life, and
. attack some vital part. It is manifest, however, that this theory will
not account for diseases of a contagious type where an epidemic
prevails, which travels over lines as well defined as a blizzard, strik-
ing down indiscriminately the strong and the weak, the apparently
healthy as well as the unhealthy. There is, however, an unsolved
mystery in the ways of these unseen messengers of death; one is
taken and another is left, even under like exposure and appar-
ently like conditions. If it be proved as claimed, that the causes of
these diseases is a living germ, substantial progress has been made.
They have form and substance and life, and it is a relief from the
terror inspired by the conception that the cause is something in-
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tangible as a spirit, impalpable as a ghost, but withering as a blast
from the infernal regions. There is hope in the knowledge that
these spores are living organisms, for it is almost axiomatic that
every living thing can be killed. It may beby some poison, mineral
or vegetable, by some substance thas destroysthe tissue in which
it lives, by some parasite harmless to the animal but deadly to the
germ, by the frosts of winter, by fire, fumigation and purification,
whereby the nests in which it is bred, are wholly destroyed. It is
believed that, as the next step, now that the cause is known, science
will in time in each case find the remedy that shall kill the germ
without killing the animal. It is a matter of some discouragement
that up to date we have not been able to exterminate pleuropneu--
monia except in the destruction of the animal infected, but public
attention has been sharply arrested on this point, and some of the
ablest men of the world are investigating the problem. In the two
divisions under consideration, experts are studying in all their forms
and phases these germs or spores that prey upon animal and vege-
table life. In the laboratory, in the field, with microscopes, with
germ culture, with fungicides, with vaccination of other or similar,
but less injurious germs, and in every way that science can suggest,
or experiment can blaze the way, remedies are being sought, and in
time, as before said, will be found in some form or other, as by
Jenner for smallpox, Pasteur for hydrophobia, and Koch for tuber-
culosis.

The work of these two divisions, however, is not limited to this
strictly scientific investigation. In the Division of Vegetable Pathol-
ogy some of the experiments with fungicides have brought substan-
tial results. A striking example bearing on this point is shown in
the method of dealing with black rot of the grape. Before this dis-
ease was investigated by the Department, nearly every grape grower
had a theory as to the cause of it, but the question of a remedy was
entirely beyond the imagination of the most sanguine. By scientific
investigations which covered months, it was shown that the disease
was due to a microscopic fungus, and that the fungus passed through
several stages. The character and life history of the fungus was de-
termined, and this knowledge suggested the remedy which, when
applied intelligently, can save the crop. Many farmers and fruit
growers who have followed the instructions of the Department this
year have saved from 80 to 90 per cent. of their crop, while there
was almost a total failure in the portions of the vineyards untreated.
Reports of this season’s work justify the statement that in this one
line more has been saved by the comparatively few who followed
instructions than the total expenditure of the division in all lines.
The division has had under investigation a large line of plant dis-
eases, chief among which are ‘“peach yellows,” ‘“pear blight,” “‘ap-.
ple and pear scab,” “pear and cherry leaf blight,” the ¢ California
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vine disease,” ¢ cotton anthracnose,” ¢ anthracnose of the hollyhock,”
a bacterial disease of the oat which is destroying millions of bushels,
““rots” of the sweet and Irish potatoes, ‘‘mildew ” and ‘‘ anthracnose
of the grape.” In some the causes are still unknown or obscure.
Others are perceptibly y1e1dmg to treatment, and there are high

hopes of essential success in the near future.

The Bureau of Animal Industry was specially charged in 1886 with
the eradication of pleuropneumonia among cattle, which at that time
wag so widespread and so terribly destructive. With a large force, -
mainly of veterinary experts, it attacked the disease, and haks es-
sentially stamped it out. To form some idea of the work done (and
it was essentially scientific in its character), we need only to note the
fact that from August 1, 1886, to November 30, 1888, there were in-

-spected by the agents of the Burcau 50,838 herds, containing in all

300,737 cattle; there were found 1,428 infected herds, which contained
5,715 infected animals, and there were made 49,073 post-mortem ex-
aminations. Whenever a herd was found infected, or had an in-
fected animal in it, it was at once quarantined, the infected animal

" slaughtered, and in fact large numbers of animals exposed to the

contagion were likewise slaughtered and paid for by the Depart-
ment. This work enlisted in its service the highest attainable skill
in the country; for large interests were at stake, large sums of money
expended, and a terrible evil was to be extirpated. That success has
been attained is due in a large measure to the scientific work of the
Department. In but one or two localities are there now any appear-
ances or suspicions of the disease, and strict quarantine is still being

- ‘made of all suspected animals. This is necessary for the reason that

the germs of the disease may still exist in an undeveloped state,
which on some propitious occasion will show itself and begin its
devastating work. Itis said that notwithstanding large expendi-
tures of money in foreign countries, whence came the disease, no-
where has it been entirely eradicated; so, constant vigilance is re-
quired, not only to watch the least symptoms of revival of it hers,
but to prevent the importation of infected animals. ‘
Entomology.—A large portion of our injurious insects are of for-
eign origin. We are the asylum of every downtrodden race of men,
good, bad and indifferent, and they bring with them from every
clime the dlseases and the insects incident to their countries. The
result is that we are in number and variety the most pest-ridden
country of the world. The Hessians are reputed as bringing with
them the Hessian Fly, and it is not discrediting the Hessian soldier
to say that the Hessian Fly has done far more harm to the country
thandid the soldier. George Washington could take him prisoner, but
a generation could not capture the fiy.  The work, therefore, of the
Division of Entomology is the most varied of any connected with
the Department. When we take into account the fact that there are
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already listed ncarly or quite three hundred thousand varieties of
insects, only a small portion, it is true, injurious o agriculture, but
a large portion likely at any time to become so by some change of
temperature, some change or inerease in the humidity of the climate,
or some want of its natural source of sustenance, which may precipi-
tate them in countless hordes upon growing fields, the importance of
the science of entomology will be so obvious as to lift it into public
consideration. A universally effective inseet powder would command
as ready sale as a well advertised patent medicine. Insects are the
scourge of every farmer and fruit grower, and the life-long plague
of every thrifty housewife. The work of this division has been so
constant in studying their life history and characteristics, and the
means of checking their ravages, that it could hardly have failed, if
it would, in accomplishing great good for agriculture. The informa-
tion given asto remedies has been so ample, and the instructions as
to methods of application have been so full, that it is needless to
specify the particular instances of special benefit. Thesum and sub-
stance of the instructions is to kill the insect and yet not kill the
plant or animal or substance it infects, The experiments in ingecti-
cides and their application by spraying machines have been invalu-
able. These experiments have not been haphazard, but have been
guided by scientific discrimination. One illustration will suffice.
The persistent efforts of this division to discover a remedy for the
ravages of the scale insect among the orange groves of California—
ravages which in & short time from their beginning threatened to

destroy this i most promising branch of agriculture—have been
crowned Witﬂ suceess. It wasdue to the efforts of this division that

a skilled entomologist was sent to Australia, where he discovered a
paragite to the pest, though Australian scientists had denied its'ex-
istence, and having discovered it brought home a supply for propa-
gation in California. California fruit growers have asserted that
the investigations and experiments have saved their oranges.

IIL—GENERAL SCIENTIFIC WORK.

The Chemical Division has been conducting an important and
fruitful series of tests to determine the extent and character of adul-
teration of the food, drugs, and liquors offered for sale in American
markets, and has made analyses of grasses and cereals, of soils and
waters, as occasion has required and the means at hand -have af-
forded opportunity.

The Forestry Division has devoted itself to the study of the life
histories of trees, and the distribution and extent of forests, the
prevalence and characteristics of varieties of forest growths, -and

the modifications arising from differences in climate and soil, and to-

a series of mechanical tests and laboratory examinations to determine
more satisfactorily the qualities of our many timbers, grown under
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diffarent conditions, so that the wood worker and user may more -
intelligently make hls choice of timbers from different local1t1es and
for different purposes.

In the Division of Ornithology the whole question of distribution
of plants and animals, the food habits of birds and mammals, and
the relation of these to agriculture, horticulture, and forestry has
been primarily considered, and much valuable fieldwork has already
been performed. The results to be obtained can be hardly less im-
portant than those already referred to as accomplished and hoped
for in connection with the distribution of cereal, vegetable, fruit,
and grass seeds by the Department for economic purposes. An ac-
curate survey showing, as regards altitude and latitude, the habitat
of any given indigenous species will serve to the scientist as a start-
ing point for the consideration of the multitudinous questions
brought to his attention with respect to the adaptability of any given
locality to the growth of any given economic plant. In this study
the Botanical, the Pomological, and the Forestry Division are con-
tributors.

The Division of Pomology is creating for itself a wide field of use-
fulness in connection with the study of varieties of fruits and the
effect of change from a given .climate and soil to another, and the
Botanical Division is engaged in a similar work in respect to plants
and grasses. The National Herbarium, under the control of the-
Botanical Division, is winning recognition 'and approval from the
botanists-of the world, both by reason of the extent of its collections
and the excellence of its system of classification.

The Entomological Division has for its scientific fupction the col-
lection and classification of insects and the study of the conditions
which promote or retard their increase and of their capabilities of
usefulness or mischief. The reputation of the division among sci-
entific men was world-wide years ago, and it has suffered nothing in
standing or reputation of late years.

The study of the habits of the silkworm is now pursued in the
Silk Section, and forms the chief scientific function of the section.
The study promises to result in the distribution of the best varieties
of the worm. '

The Microscopical Division is rendering valuable public service
by applyjng the microscope to the study of food adulteration and
the ghmwacter of textile fibers.

Important scientific work has been performed by a special agent *
of the Department in relation to the adaptability of some of the most’
economic fiber plants to growth in different sectiong of the country,
and pralztwal results of the study have been embodied in publica-
tions setting forth suggestions as to the best methods of cultivation,
decortication, and separation from woods and gums.

Statistical Division and Office of Ewpemment Stations.—If it be
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true, as Comte says, that the test of a science is its power of prediction,
the highest order of economic science finds full play in the Statisti-
cal Division and of agricultural science in the Office of Experiment
Stations. It is said that in no one thing did Gladstone in his prime
show his wonderful abilities more than in forecasting the production
and revenues of England. He reasoned from the known to the un-
known. The Statistical Division more than any other considers all
the forces that enter into the great and varied agricultural produc-
tions in our vast domain, so that intelligence shall decide what to
plant, where to plant, and when to plant. The Office of Experiment
Stations is charged with the scientific work of comparing, editing,
and publishing the results of the experiments made by the experi-
ment stations, and to indicate, from time to time, such lines of inquiry
as shall seem most important. It goes without saying that this
work calls for the highest scientific qualities. To take a compre-
hensive view of the work of nearly four hundred independent work-
ers in the scientific field, to properly digest the same for publication,
and to suggest lines of work and lines of experiment requires the
ablest talent the country can produce. The relations of this Depart-
ment with the agricultural colleges and experiment stations are
and should be very intimate. They were both born of the same im-
pulse. The act to establish a Department of Agriculture (before
that it was, as heretofore stated, a division of the Patent Office) was
approved May 15, 1862. The act establishing the agricultural col-
leges was approved July 2, 1862. The act establishing agricultural.
experiment stations was approved March 2, 1887. The bill to make
this Department one of the Executive Departments of the Govern-
ment was pending at that date before Congress, and had passed the -
House of Representatives, and finally became an act, approved Feb-
ruary 9, 1889. The historian will recognize the significance of this
codrdinate legislation. It means a movement all along the lines of
science applied to agriculture. These colleges and experiment sta-
tions are nurseries of applied science.

This article will have failed of its object if it does not satisfy the
most skeptical that this Department in applying its scientific work
to the wants of the great industry it represents, is fully abreast with
the marching columns of this new movement.
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—

S1r: I have the honor to transmit herewith my report, which con-
tains a brief statement of the more important work accomplished by
the Bureau of Animal Industry during the year 1890. For many
interesting details of the work, and forthe reports of agents, inspect-
ors, and other employés, I must refer you to the Bixth Annual Re-
port of the Bureau of Animal Industry.

Very respectfully,
D. E. SarMox,
Chief of the Bureau of Animal Industry,
Hon. J. M. Rusk,
Secretary of Agriculture, .

PLEURO-PNEUMONIA.

The year has passed without any discovery of contagious pleuro-
pneumonia outside of the districts which were recognized in the last
report as infeeted. The regulations of the Department have been
enforced without difficulty, and the progress of the work for the
eradication of this plague has been continuous and rapid.

No cases of the disease have occurred in the State of New York
except on Long Island. No cases have been discovered in Pennayl-
vania during the year, although a constant inspection has been
maintained. . The last case discovered in Maryland occurred in Oc-
tober, 1889, and since that time the State has been free from all evi-
‘dence of the contagion. The condition of New Jersey ag regards this

lagxée has also improved rapidly. No other States have been af-
octed. '

The efficiency of the regulations and of the methods employed un-
der them is demonstrated by the fact that for two years there has
not been a case of the disease outside of the very restricted areas on
the Atlantic seaboard which have from the first been recognized as
infected. These regulations are still in force, and with the almost
complete eradication of the confagion the danger of any infection
extending to other sections has practically disappeared.

WORK IN NEW YORK.

In order to hasten the work on Long Island more radical meas- -
ures of disinfection were adopted early in the year and in certain
cases where the disease had reappeared several times stables were
torn down and burned. It also became necessary in order to main-
tain any respect for the Department regulations that vigorous meas-

K
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ures should be adopted to prevent cattle from grazing upon the com-
mons in the infected district. Thene appeared to be a widespread
opinion, fostered by interested parties, to the effect that the De art-
ment had no power to enforce its regulations. As the total eradica-
tion of the disease could never be accomplished while the cattle of
the infected districts were allowed to pasture in common and mingle
together on the pastures and highways, it was determined to put a
stop to this practice by seizing and slaughtering all cattle found off
of the owners’ premises without a permit from the chief inspector.
The first seizure included over one hundred head of cows, and this
was followed by others at short intervals. The owners, however,
goon discovered that it was to their interest to abide by the regula-
tions and from that time the ditease has rapidly disappeared. There
can be no doubt but that these measures, though they appear arbi-
traris{r and severe, were the means of bringing speedy success to the
work on Long Island, when before their adoption there was reason
29 fear that the contagion might still linger there for an indefinite
ime. ,

From July 1, 1889, to June 30, 1890, there were inspected in New
York 17,767 herds, containing 147,988 head of cattle. There were
151,284 animals refxamined and 34,905 were tagged with numbers
and registered upon the books of the Bureau. o ,

There were 128 new herds found affected with pleuro-pneumonia
during the year, and these herds contained 2,879 animals, 182 of
which were pronounced diseased when the inspections were made.
There were purchased for slaughter during the same time 603 affected
cattle at a cost of $15,756.37, an average of $26.13; also 2,518 exposed
cattle at a cost of $55,744.54, an average of $22.18. The smaller cost
of the exposed cattle was due, as in previous years, to the fact that
the amount which the owner realized for the carcasses was deducted
from the appraised value, the Department paying the balance.

It has been found necessary to disinfect 416 stables, stock yards,
or other premises during the year, and also to make post-mortem
examinations upon 17,109 carcasses of bovine animals, of which 631
were found diseased with pleuro-pneumonia.

The total expenses in New York from July 1, 1889, to June 30,
1890, were $174,952.48, of which $71,500.91 was Iiaid for cattle pur-
chased for slaughter as either diseased or exposed. The remainder
constitutes the cost of disinfection, inspection, tagging, registering,
squerVising the movement of cattle, post-mortem examinations, and
all the various expenses incident to a work of this character.

WORK IN NEW JERSEY.

In this State the active work has been almost entirely confined to
Hudson County. The diseased herds discovered have not been nu-
‘merous, and both affected and exposed animals have been promptly
slaughtered. : :
From June 30, 1889, to July 1, 1890, there were inspected in New
Jersey 8,624 herds, containing 64,108 head of cattle. Of this number
40,305 were reéxamined and 9,780 were tagged with numbers and
registered upon the books of the Bureau.
here were 29 new herds found affected with pleuro-pneumonia
during the year, and these herds contained 405 animals, 46 of which
were pronounced diseased at the time the inspections were made,
There were purchased for slanghter during the same time 69 affected
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cattle at a cost of $1,848.50, an average of $26.79 per head; also 451
exposed. cattle at a cost of $10,947.75, an average of $24.27 per head.

1t has been found necessary to disinfect 167 stables, stock yards,
or other premises, and also to make posi-mortem examinations upon
the carcasgses of 10,741 bovine animals, of which 89 were found dis-
eased with pleuro-pneumonia. -

The total expenses in New Jersey from July 1, 1889, to June 30,
1890, were $60,828.02, of which $12,896.25 was paid for cattle pur-
chased for slaughter because they were either £seased or had been
exposed. :

WORK IN MARYLAND.

Although the last case of pleuro-pneumonia was discovered in,
Maryland in October, 1889, it was deemed best to keep up the in-
spection for a considerable time in order that there might be a cer-
tainty of the complete extermination of the disease. Ciuarantine
restrictions were removed May 1, 1890, but inspections have been
continued, and it may now be definitely announced that Maryland is
free from the contagion.

From July 1, 1889, to Juue 30, 1890, there were inspected in Mary-
land 7,296 herds, containi..g 71,503 head of cattle.  Of this number
8,368 were reéxamined and 10,298 were tagged with numbers and
registered upon the books of the Bureau. :

There were 2 new herds found affected with pleuro-pneumonia
during the year, and these herds contained 28 animals, 2 of which
were pronounced diseased when the inspections were made. There
were purchased for slaughter during the same time 4 affected cattle
at a cost of $99.19, an average of $24.80 per head; also 69 exposed
cattle at a cost of $1,115.01, an average of $16.16 per head.

It was found necessary to disinfect 5 stables or other premises
during the year and to make post-mortem examinations upon the
carcasses of 15,109 bovine animals, of which 4 were found diseased
with pleuro-pneumonia.

The total expenses in Maryland from July 1, 1889, to June 30, 1890,
were $38,558.17, of which $1,214.20 was paid for cattle purchased for
slaughter as either diseased or exposed. '

THE WORK AS A WHOLE.

Including all the districts in which pleuro-pneumonia has existed
there were inspected from July 1, 1889, to June 30, 1890, a total of
33,687 herds of cattle, containing 283,599 animals. Of this number
199,957 were reéxamined, and 54,933 were tagged with numbers and
registered upon the books of the Buteau.

There were 159 new herds found affected with pleuro-pneumonia
during the year, and these herds contained 3,312 animals, 230 of
which were pronounced diseased when the inspections were made.
There were purchased for slaughter during the same time 676
affected cattle at a cost of $17,704.06, an average of $26.19 per head;
also 3,033 exposed cattle at a cost of $67,807.30, an average of $22.36
per head. :

It has been found necessary to disinfect 588 stables, stock yards,
or other premises, and also to make post-mortem examinations upon
the carcasses of 42,959 bovine animals, of which 724 were found
diseased with pleuro-pneumonia.

The total expenses of the pleuro-pneumonia work from July 1,
1889, to June 30, 1890, have been $274,338.67, of which $85,511.36 was
paid for cattle purchased for slaughter as either discased or exposed.
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The remainder constitutes the expense for inspection, disinfection,
tagging, registering, and supervising the movement of cattle, of
~ post-mortem examinations, and of all the various expenses necessary
to insure the prompt discovery of this plague when it appears in
any herd and prevent the further extension of the infection.

he following table gives a résumé of the pleuro-pneumonia work
from July 1, 1889, to June 30, 1890, as given in detail above :

New York. | New Jersey.| Maryland. Total.

Herds inspected .. 17,767 8,624 7,206 33,687
Cattle inspected .. 147,988 64,108 71,503 283,599
Cattle reéxamined . 151,284 40,305 8,368 199, 957
Diseased cattle found by inspectio 182 46 2 230
Post-mortem examinations... .. 17,109 10,741 15,109 42,959
Diseased carcasses found..........civevvnnnen 631 89 4 4
Cattlotagged ..... coovviivireineennnniiniend 34,905 9,780 10,268 54,983
. New herds found affected . .........cvvvene 128 29 2 159
Animals in affected herds. . .. 2,819 | 405 28 . 3,312
Diseased cattle purchased. 603 60 4| 676
Exposed cattle purchased . 2,613 | ., 51 69 38,033
Premises disinfected....... 416 167 5 588

A résumé of expenditures in the pleuro-pneumonia work for the
same period is made below:

Items. New York. | New Jersey.| Maryland. Total.

Salaries. ........... i ,586.60 |  $35,563.81 | $30,180.62 |  $148,109.53
Traveling expenses . 12,619.26 10,323.16 6,866, 08 20, 308. 50
Miscellaneous expenses. . 8,445.71 2,125.30 838,27 11,409.28
Affected cattle.... ......... [N 15,756. 37 1,848, 50 $9.18 17,704. 06
Exposedeattle...........oooiviviiiiiiiiin, 5b,744. 54 10,947.75 1,115.01 67,807.30

Total... cooviiviiiiiiiiiieiiiiiiiiiiinn, 174,952. 48 " 60,828.02 388, 558.17 274,338.67
Average for affected cattle. . 26.13 26.79 24.80. 26.19
Average for exposed cattle. . 22.18 4.21 16.16 22,86

COMPARISONS WITH ,PREVIOUS YEARS.

The progress accomplished by this work can not be appreciated
without comparing the number of new herds found affected durin,
the year, and the total number of cases of pleuro-pneumonia founc
on post-mortem examination with similar data gathered from the
reports of preceding years. As all carcasses of animals which have
died or which have been slaughtered in the infected districts are
carefully examined, we have in the returns of the posi-mortem
examinations the total number of cases of pleuro-pneumonia which
have occurred. .

The number of cattle. and of new herds found affected with
pleuro-pneumonia ‘on posi-mortem examination during the year
?nﬁing June 30, 1890, as compared with the preceding year is as

ollows:

Affected cattle. Affected herds. -

Btates. - ;
189990, | 1886-'89. | 1889-90. | 1888-'89. |
NewYork...............; ................................... 1,561 | 128
New Jersey ....ocevvennres cerenn 8302 29 91
Penngylvania Cereen .. 29 [Loviinnnes 4
Maryland .....coovviniiiiiiiiiiiiiiiiiiiin e, v 242 2 46
TOBAL. ... .eever —venre crseenenennaneneeneiin bhe Tl 9134 159 879
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The total number of diseased and exposed cattle which have been
purchased and slaughtered each year since the work for the eradica-
* tion of pleuro-pneumonia was commenced is shown by the following
table. The figures are for the fiscal year ending June 30.

i

1886-'87. | 1887-"88. ‘ 1888-"89. | 1889-"90. | Total.
1,903 78 6,819
4,583 3,&33 [ 14,537

These tables show a very marked decrease of the disease. There
were not half ag many new herds found affected in 1889’90 as in the
receding year, and only about one-third as many affected cattle. The
argest number of cattle were slaughtered in 1887-°88, as previous to
_ this the work had not covered the whole of the infected district.
Since that time the number slaughtered has been largely decreased
each year. The eradication of the disease has been most rapid,
however, since April, 1890, the number of new herds found affected
and the cases of pleuro-pneumonia found on posi-mortem examina-
tion during the quarter being as follows:

Digeased . ..oeieiiiiiiiiiiiiiieiieieieninns tereenen 1,342 2,898
54000 D R 1,576 5,345

April. May. June. Total.

Herds AfT6Ctod. ,...s.vvvees oeeeenerereseeeeeeeeeeeeenn oees 13 5 5

23
Animals affected.... .oooiiiiiiiiiiiiiiiii i il 33 62 104

This shows a gratifying improvement over the preceding months
of the year, but it is only when we compare the figures for this
-quarter with those for the first quarter of the year 1890-’91 that we
can appreciate the rapidity of our recent progress. The statement
for this quarter is as follows:

July. | August. | SePIem- | motg)

Herds affected......coviiiieiiiieieiriiiieeeieiiensenninnennes 2 4 3 9
Ani affected......ooiiiiiiiiiiii e 2 13 13 28

‘When we add that during the month of October, 1890, no cases of
disease were found it is conclusively shown that we are rapidly near-
ing the time when pleuro-pneumonia can be declared exterminated
from the United States. ntil from four to six months have elapsed
after the last case of this disease has been found it will be necessary
to maintain the same inspection force and to keep up the same vigi-
lant supervision as we now have. Otherwise neither our own people
nﬁ; }foreiglllK governments will be convinced of the complete success
of the work. : )

REGULATIONS CONCERNING TEXAS FEVER.

The losses from Texas fever were so much reduced by the regula-
tions of 1889 that a similar order was issued early in 1890 to take effect
March 15. By commencing the supervision at this early date it was
hoped. that the infection of northern pastures might be entirely pre-
vented and the dissemination of the disease reduced to a minimum.
This anticipated relief from the fever was very generally realized,
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- but there were some outbreaks in Kansas which occurred from in-
fection introduced before the regulations went into effect. This was
no doubt due to the exceptionally warm winter and could not be
foreseen. ‘

The regulations, also, differed from those of 1889 by, allowing no
cattle from the Indian Territory or from Texas with the exception

.of the northern part of the Panhandle to mingle with the uninfected
cattle. 'While itp is doubtless true that the northwestern portion of
the Indidh Territory and a considerably larger section of Texas are
free from permanent infection, the absence of local laws preventing
free driving of dangerous cattle makes it unsafe to allow cattle from
such districts to go into the same cars and yards as those from far-
ther north. The full text of the order is as follows:

UNiTED STATES DEPARTMENT OF AGRICULTURE,
. OFFICE OF THE SECRETARY,
Washington, D. C., February 24, 1890.

To the Managers and Agents of Railroad and Transportation Companies of the
United States :

In accordance with section 7 of an act of Congress approved May 29, 1884, en-
titled ““An act for the establishment of a Bureau of Animal Industry, to prevent
the exportation of diseased cattle and to provide means for the suppression and
extirpation of pleuro-pneumonia and other contagious diseases among domestic
animals,” you are hereby notified that a contagious and infectious disease known
as splenetic or Texas fever exists among cattle in the following described area of
the United States: .

All that country lying south and east of a line commencing on the Mississippi
River at latitude 36° 30' north, thence running westward on that parallel of latitude,
being the southern boundary of Missouri, to the eastern boundary of Indian Terri-
tory, thence running northward to the southern boundary of Kansas, thence west-
ward along said boundary of Kansas to the one hundredth meridian of longitude,
thence southward along said one hundredth meridian of longitude to the southern
boundary in Childress County in Texas, thence westward along the southern
boundary of the counties of Childress, Hall, Briscoe, Swisher, Castro, and Parmer
to the eastern boundary of New Mexico. )

From the 15th day of March to the 1st day of December, 1890, no cattle are to

. be transported from said area to any portion of the United States north, east, or
west of the above described line except in accordance with the following regula-
tions: Provided, That these regulations shall not apply to any cattle taken into.or
through the State of Colorado for feeding purposes in accordance with the regula-
tions of that State: .

First. When any cattle in course of transportation from said area are unloaded
north, east, or west of this line to be fed or watered, the places where said cattle are
ti)l be so fed or watered shall be set apart and no other cattle shall be admitted
thereto. :

Second. On unloading said cattle at their points of destination pens shall be set
apart to receive them, and no other cattle shall be admitted to said pens, and the
regulations relating to the movement of Texas cattle, prescribed by the cattle
sanitary officers of the State where unloaded, shall be carefully observed. The
cars that have carried said stock shall be cleansed and disinfected before they are
again used to transport, store, or shelter animals.

Third. Whenever any cattle that have come from said area shall be reshipped
from any of the points at which they have been unloaded to other points of destina-
tion the car carrying said animals shall bear a placard stating that said car contains
southern cattle, and each of the waybills of said shipment shall have a note upon
its face with a similar statement. = At whatever point these cattle are unloaded they
shall be placed in separate pens, to which no other cattle shall be admitted, '

Fourth. The cars used to transport such animals and the pens in which they are
fed and watered and the pens set apart for their reception at points of destination
shall be disinfected in the following manner: )

{a) Remove all litter and manure. This litter and manure may be disinfected by
mixing it with lime, diluted sulphuric acid, or, if not disinfected, it may be stored
where no cattle can come in contact with it“until after December 1.

(b) Wash the cars and the feeding and watering troughs with water until ¢lean.

{¢) Saturate the walls and floors of the cars and the fencing, troughs, and chutes
of the pens with a solution made by dissolving 4 ounces of chloride of lime to each

-
i
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llon of water, or disinfect the cars with a jet of steam under a pressure of not

ess than 50 pounds to the square inch. i ;

The losses resulting yearly to the owners of northern cattle by the contraction of
this disease from contact with southern ecattle and through infected cars, and by
means of the manure carried in unclean cars from placé to place, have become a
matter of grave and serious concern to the cattle industry of the United States. It
is necessary, therefore, that this eattle industry should be protected as far as possi-
ble by the adoption of methods of disinfection in order to prevent the dissemination
of this disease. .

A rigid compliance with the above regulations will insure comparative safety to
northern cattle and render it unnecessary to adopt a more stringent regulation, such
as the absolute prohibition of the movement of southern cattle except for slaughter
during the time of year that this disease is fatal.

Inspectors will be instructed to see that disinfection is properly done, and it is
hop;a1 that transportation companies will promptly put in operation the above
methods.

Very respectfully, : : J. M. Rusk,
Secretary.

It has been found that the regulation requiring a placard to be
placed upon the car in which southern cattle are shipped is of little
practical benefit, as shippers and others remove these marks in so
many instances that this method of distinguishing infected cars can-
not be relied upon. Railroad companies have, however, in nearly
all cases, stamped their waybills in accordance with the regulations
an&l this has proved sufficient for the identification of cars and
cattle.

It will be noticed that the regulations thus far made have not ext
tended east of the Mississippi River. There is no doubt, however,
that the Gulf and south Altantic States are infected with this disease
to the same degree as Texas, and there should be the same regula-
tion of cattle coming from them. The traffic has been so light and
the difficulties of regulating it have been such that up to the present
the attempt has not been made. Before the disease can be entirely
grevented it will be necessary that the line of infection shall be

rawn to the Atlantic seaboard and that the same rules be enforced
east of the Mississippi as were enforced west of it during the last
two years. This will prevent the infection of a number of stock
gards that during the present year have been centers from which

he dissemination of the disease has taken place with cattle bought
both for home and for export markets. :

On the whole the effect of these regulations has been extremely
beneficial. As compared with former years but a small amount of
the disease has been reported either in the United States or among
cattle shipped abroad. = The losses during the ocean voyage have
been so much less than usual that insurance is said by shippers to
have been reduced over 50 per cent. If this statement is correct it
‘means a saving of over a million dollars to our shippers by this
reduction of insurance alone. o

Since the danger of shipping export cattle infected with pleuro-
pneumonia has been removed a number of English writers have ex-

ressed great fear of the permanent introduction of Texas fever into
reat Britain by cattle from the United States. This fear certainly
must be groundless and one that could arise only through ignorance
of the characters of the disease. In the first place, cattle that are
sick from this disease do not transmit it to other animals, and con-
sequently affected animals which are landed on the other side may
be left out of consideration as carriers of the infection. In the
AG 90——6

L
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second place, cattle which are shipped by cars or boat lose the in-
fection in about three weeks after leaving their native pastures.
If, therefore, the time should come when %‘exas cattle shall be ex-

orted to Great Britain, there would be little danger from them, as -
it would require fully three weeks, if not longer, to transport them.
In the thirél1 lace, this disease never occurs in our Northern States
until the middle of summer after there has been a protracted period
‘of inténse heat, the temperature of our spring and early summer
being generally insufficient to develop the disease. The summer
temperature in Great Britain is probably neither high enough nor
is the high temperature continued a sufficient time to allow the
development of this fever. ;

Leaving these facts out of consideration, we should be able to
prévent the exportation of any cattle that are infected, or any that
are capable. of disseminating the infection, by properly enforced
regulations® which will prevent the minglint% of southern- and
northern cattle in our cars and stock yards. The disease is one of
the easiest to prevent of any which affects our domesticated animals,
and for that reagson we should be able to guard against all danger
from it either to our own cattle or those of other countries to which
our animals are sent. ) :

The success of the regulations during the past two years has been
all that was anticipated. It has not been found difficult to identify
cattle from south of the line of infection in Texas by their brands,
and railroad. companies have, as a rule, been prompt to clean and
disinfect their cars. The principal stock-yard companies have also
furnished separate pens, which have been maintained with great
regard to cleanliness and the proper handling of cattle, and from
every point of view it has been semonstrateg that the prevention
of this disease is practicable without any hardship to those engaged
in the cattle traffic. Indeed, it is now asserted that southern caftle .
bring better prices when sold from the quarantine yards than when
indiscriminately mixed with other stock, and for this reason many
lots of cattle from just north of the line are sent by choice of the
owners to the quarantine yards for sale. :

- INBPECTION OF AMERICAN CATTLE IN GREAT BRITAIN. -

The rapid progress and practically complete success of the work
for the eradication of contagious pleuro-pneumonia from the United
States removes the cause alleged by foreign governments for the
exclusion of American cattle from their countries. :

Great Britain for a number of years has maintained an absolute
prohibition against the introduction of American cattle inte that
country, and only permits their reception at the foreign animal
wharves, where they are to be slaughtered within ten days after
their arrival. ' :

" The several governments of the continent of Hurope have also

enforced a quarantine of from two to four weeks on all American

cattle, which has almost entirely prevented shipments from this
country. : ,

For ‘a number of years the British authorities have reported the
arrival at their ports of American cattle affected with contagious
fleuro-pneumonia, and-it became, therefore, absolutely necessary

hat this Bureau should be represented by its own officials at the
_ post-mortem examinations made on American cattle at the foreign



BUREAU OF ANIMAL INDUSTRY. 83

animal wharves in order that we should determine, to our own sat-
isfaction, whether the lung disease found there was, as they claimed,
contagious ; and if it were found to be contagious, the affected ani-
mal shoyld betraced back to the farm in this country from whence
it came. With this object in view the aid of the State Department
was solicited in opening negotiations through Minister Lincoln with
the British Government looking tosuch an arrangement. Through the
.active cooperation of the State Department and the intelligent efforts
of Minister Lincoln the privilege was obtained from the British
Government of stationing three veterinary inspectors, one at each of
the principal animal wharves where American cattle are slaughtered,
and who would be allowed every facility in participating with the
local officers in the work of inspecting and making post-mortem ex- -
amination on American cattle landed in British ports. = As soon as
this privilege was secured three competent veterinary officers of the
Bureau were dispatched to Great Britain in charge of the Chief of
the Bureau of Animal Industry, who remained with them until their
duties were clearly defined and the best means decided upon to en-
able them to carry on their work effectually and in harmony with
the British authorities. )

This work was commenced on August 16 of the present year, and
from that date to November 8,4inclusive, there were inspected and

ost-mortem examinations made on 104,296 head of cattle arriving
in Great Britain from the United States at the several ports, as fol-

owWs: . .

London. . . ..o i i et e e 43,488
LAverpool. . v iii it e i e 50, 342
GlaSZOW. ottt veiviin e tnernrenennnnnesn e eereaes 10, 466

No indications of contagious pleuro-%neumonia were found in any
of these animals, and on account of the eradication of the disease
in this country it is believed that none will be found in the future,

A

INSPECTION OF EXFORT CATTLE BEFORE 8HIPMENT.

The act of August 80, 1890, providing for the inspection of all ex-
port cattle, sheep, and swine, has enabled this Bureau to_introduce
a system of tagging export cattle by means of which it will be possi-
ble to determine the section of the country from which any animal
has come that may be found at a foreign port affected with any dis-
eage. This actalso 1{;revents the exportation of any diseased animals.
The amount of work required to carry out this inspection may be
comprehended by the fact that during the year ending June 30, 1890,
the number of animals exported was as follows:

%atﬂe ..................................... e e e 39%, 826
OZB suss st tensansansasiote sennsnsansivasesrenne 91,148
ST 67, 521

The following rules and regulations under the tenth section of the
above named act were prescribed by the Secretary of Agriculture
on October 20, 1890: , :

. Order and Regulations for the Inspection of Cattle and Sheep for Export.

UNITED STATES DEPARTMENT OF AGRICULTURE,
) ., OFFICE OF THE SECRETARY,
; Washington, D. C., October 20, 1890,
The following order and regulations are hereby made for the inspection of neats
cattle and sheep for export from the United States to Great Britain and Ireland and
the continent of Europe by virtue of the authority conferred upon me by section
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10 of the act of Congress approved August 30, 1890, entitled ‘““An act E)roviding for
the inspection of meats for exportation, prohibiting the importation of adulterate {
articles of food or drink, and authorizing the President to make proclamation in
certain cases, and for other purposes:” . Lo

(1) The Chief of the Burcau of Animal Industry is hereby directed to cause
careful veterinary inspection to be made of all neat cattle and sheep to by
e}f:pEorted from the United States to Great Britain and Ireland and the continent
of Europe. -

(2) Thfs inspection will be made at any of the following named stock yards: Kansas
City, Missouri; Chicago, linois; Buffalo, New York; Pittsburgh, Pennsylvania; -
and at the following ports of export, viz: Boston and Charlestown, Massachusetts;
New York, New York; Philadelphia, Pennsylvania; Baltimore, Maryland, and Nor-
follr and Newport News, Virginia, All cattle shipped from any of the aforesaid
yards raust be tagged before being shipped to the ports of export. - Cattle arriving
at ports.of export from' other parts of the United States will be tagged at said
ports.

(8) After inspection at the aforesaid stock yards all cattle found free of disease
and shown not to have been exposed to the contagion of any contagious disease -
will be tagged under the direction of the veterinary inspector in charge of the
yards. After tagging the cattle will be loaded into cleaned and disinfected cars
and shipped through from said yards in said cars to the port of export. .

4) Aﬁ- animals will be reinspected at the port of export: All railroad companies
will be required to furnish for the transportation of cattle and sheep for export
clean and disinfected cars, and the various stock yards located at the ports of export
sl;zlxll keep separate clean and disinfected yards for the reception of export animals

only.

(5) Shippers will notify the veterinary Inspector in charge of yards of in-
tended shipments of caftle, and will give to the said inspector when possible
the name of the locality from which said animals have been brought and the
name of ‘the Yeeder of said animals, and such further and other information as
may be practicable for proper identification of the place from which said animals
have come. « ’ :

(6) The inspector, after passing said cattle and tagging the same, will notify the
veterinary inspector in charge of the port of export of the inspection of said ani-
mals, giving him the tag numbers and the numll))er and designation of the cars in
which said animals are shipped.

(7) Export animals, whenever possible, shall be unloaded at the port of export
from the cars in which they have been transported directly at the wharves from
which they are to be shipped. - They shall not be unnecessarily passed over -any
highway or removed to cars or boats which are used for conveying other animals.
Boats transporting said animals to the ocean steamer must be first cleansed and
disinfected under the supervision of the veterinary inspector of the port, and the
ocean steamer must before receiving said animals be thoroughly cleaned or disin-
fected in accordance with the directions of said inspector. 'When passage upon or
across the public highway is unavoidable in the transportation of animals from the

. cars to the boat it must be under such careful supervision and restrictions as the
‘veterinary inspector may in special cases direct.

(8) Any cattle or sheep that are offered for shipment to Great Britain or Ireland
or the continent. of Europe, which have not been inspected and transported in
accordance with this order and regulations, will not be allowed to be placed upon
any vessel for exportation, as they will be deemed under the law to have been
exposed to infection so as to be dangerous to other animals.

(9) The supervision of the movement of cattle from cars and yards to the ocean
steamer at the ports of export will be in charge of the veterinary inspector of the
port. No ocean steamer will be allowed to receive more cattle or sheep than it can
comfortably carry. Overcrowding will not be permitted.

(10) The veterinary inspeétor at the port of export will notifg the collector of the

* . port of the various shipments of cattle or sheep that are entitled to clearance papers, -

and certificates of the inspection of said animals will be given to the consignors for
transmission with the bills of lading. :

J. M. RUSK,
Secretary.

This work was inaugurated at the various ports of export named
in the regulations on or about the 17th of November, and from that
date up to the 28th of said month there have been inspected and
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‘ '{agged 12,055 head of export cattle from the different ports, as fol-
ows: : ' ' ‘

1 2 8,708
New York. ... .oveii i ii ittt i iinaes 8,898
Philadelphia., . ... .0 vveii e ienivens i ensnernenneenss 518
Ballimore .. .. .o s et i 2,559
NeWPort NeWR, .o ivuvevrene v rrneensensnannnens 1,197
West Point, Va. .. ...i'iiiveiiiinsiinirernrnnnenen, 185

The work of ,ilIsFecting and tagging at the interior stock yards
named in the regulations commenced on or about the 1st day of
D(ficember, and the entire system as adopted is now in full running
order.

INSPECTION AND QUARANTINE OF IMPORTED ANIMALS. "

Regulations for the quarantine of neat cattle from the countries
not located on the American continent continue to be enforced. The
period of quarantine—three months—is regarded as amply sufficient
under the regulations to prevent the introduction of disease, and no
additional restrictions have been imposed, notwithstanding the fact
of the restrictions imposed by Great Britain on cattle from fhis coun-
try and the additional fact that pleuro-pneumonia is much more-
%revalent and widely spread in Great Britain than it ever was in the

nited States. . ' '

There has long been danger of the introduction of foot-and-mouth
disease by the importation of sheep, swine, and other susceptible
animals that have %eretofore been allowed to land without either
quarantine or inspection; indeed this disease has several times been
brought to this country by cattle from Great Britain, but it has for-
tunately been detecteg in time to prevent its dissemination here.
Notwithstanding this fact our sheep have been excluded from Great
Britain for more than ten years owing to the alleged existence of this
disease in the United Stag:as, where it has never been seen except
when brought by British cattle that were affected before landing.

In order to avoid any danger of the introduction of this disease
from foreign countries into t%e United States the Secretary of Agri-
culture, under the provisions of the act of August 30, 1890, prescribed
on October 13, 1890, the following regulations for quarantine and
inspection of all neat cattle, sheep and other ruminants, and all
swine imported into the United States: '

Regulations fol the Inspection and Quarantine of Neat Cattle, Sheep and other
Ruminants, and Swine, Imported into the United States.

UNITED STATES DEPARTMENT OF AGRICULTURE,
OFFICE OF THE SECRETARY,
Washington, D. C., October 18, 1890,

In pursuance of sections 47, 8, and 10 of an act of Congress entitled ‘“ An act
providing for the inspection of meats for exportation and prohibiting the importa-
tion of adulterated articles of food or drink, and authorizing the President to make;
proclamation in certain cases, and for other purposes,” approved August 80, 1890,
the following regulations are hereby prescribed for theinspection and quarantine
(S>f neat cattle, sheep and other ruminants, and swine, imported into the United

tates: '

(1) With the approval of the Secretary of the Treasury the following named
ports are herek()iy designated as quarantine stations, and all cattle, sheep and other
ruminants, and swine imported into the United States' must be entered through
said ports, viz., on the Atlantic seaboard, the ports of Boston, New York, and Bal-
timore; on the Pacific seaboard, San Diego; along the boundary between the United
States and Mexico, Brownsville, Paso De%0 Norte, Eagle Pass, Loredo, and Nogales;
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and along the border or boundary line between the United States and British Co-
lumbia and Canada, throuéh the custom portsin the collection districts of Aroos-
took and Bangor, Maine; Vermont, Vermont; Buffalo Creek, Niagara, Cape Vin-
cent, Cha.mﬁlam, and Oswegatchie, New York; Detroit, Port Huron, and Superior,
Michigan; Minnesota and Duluth, Minnesota; and Puget Sound, Washington.

(2) The word, ¢ animals,” when used in these regulations, refers to and includes
all or any of the following kinds: Neat cattle, sheep and other ruminants, and
swine. - The words “ contagious diseages,” when used in these regulations, includes
and applies to all or any of the following diseases: Anthrax in cattle, sheep, goats,
or swine; contagious pleurc-pneumonia in:cattle; tuberculosis in cattle; foot-and-
mouth digease in ocattle, sheep, goats, and swine;, rinderpest in cattle and sheep;
sheep pox, foot rot, and scab in sheep; hog cholera and swine plague in swine.

(8) All cattle, sheep and other ruminants imported into the United States from
any part of the world except North and South' America shall be accompanied with
a certificate from the local authority of the district in which said animals have
been for one year next preceding the date of shipment, stating that no contagious
Feuro-pneumonia, foot-and-mouth disease, or rinderpest has existed in said distriet

or the }fdaSt year. And all swine imported into the l%nited States from any part of
the world except North, Central, andp South America shall be accompanied with a
similar certificate relating to the existence of foot-and-mouth disease. All such
animals shall also be accompanied with an affidavit by the owner from whom the
importer has purchased them stating that said animals have been in the district
where purchased for one year next preceding the date of sale, and that neither of
the above mentioned diseases have existed among them, or among any animals of
the kind with which they have come in contact, for one year last past, and that no
inooulation has been practiced among said animals for the past two years. Also
by an affidavit from the importer or his agent supervising the shipment stati

“that the animals have been shipped in clean and disinfected cars and vessels direct -

from the farm where purchased; that they have not passed through an% district
infected with contagious diseases affecting said kind of animals, and that they have
not been exposed in any possible manner to the contagion of any of said contagious

iseases. .

{4) The foregoing certificate and affidavits must accompany said animals and be
gesented to the collector of customs at the ports of entry and by him be delivered

the inspector of the Bureau of Animal Industry stationed at said port to allow
them to be imported into the United States.

(3) All neat cattle imported into the United States from any part of the world
except North, Central, and South America shall be subject to a quarantine of ninety
days, countinﬁ from date of arrival at the quarantine station, All sheep and other
ruminants and swine from any part of the world except North, Central, and South
America shall be subject to a quarantine of fifteen days, counting from date of
arrival at the quarantine station.

(6) Any person contemplating the importation of animals from any part of the
world except North, Central, and South America must first obtain from the Secre-
tary of Agriculture two permits, one stating the number and kind of animals to be
imported, the port and probable date of shipment, which will entitle them to clear-
anece papers on presehtation to the American consul at said port of shipment; the
other, stating the port at which said animals are to be landed and quarantined, and
the approximate date of their arrival, and this will assure the reception of the
number and kind specified therein at the port and quarantine station named at the
date prescribed for their arrival, or at any time %uring three weeks immediately
following, after which the permit will be void. These. permits shall in no case be
available at any port other than the one mentioned therein. Permits must be in
the name of the owner of or agent for any one lot of animals. 'When more persons
than ane own a lot of animals for which permits have been issued a release from
quarantine will be given each owner for the number and kind he may own, and this
release will be a certificate of fulfillment of quarantine regulations. Permits will
be issued to quarantine at such ports as the importer may elect, so far as facilities
exist at such port, but in no case will permits for importation at any port be granted
in excess of the accommodations of the Government quarantine station at such
port.’ Every importer shall, on the day of the shipment from a foreign a)ort, tele-
.graph - to the Chief of the Bureau of Animal Industry the number and kind of
animals shipped, the vessel on which they are shipped, and the %ort at which they
. are to'be landed. - United States consuls at foreign ports are hereby notified to give
clearance papers or certificates for importation of animals only upon presentation
of permits as above provided, with dafes of probable arrival and destination corre- -
: onding with said permits, and in no case for a number in excess of that mentioned -

€10,

A
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(1) All animals imported into the United States shall be carefully inspected by a
veterinary inspector of the Bureau of Animal Industry, and all animals found to
be free from disease and not to have been exposed to any contagious dizease, except
ag provided in regulation 5, shall be admitted into the United States. . Whenever
any animal is found to be affected with a contagious disease, or to have been ex-
posed to such disease, said snimal, and all animals that have been in contact or ex~
posed to said animal, will be placed in quarantine, and the inspector quarantining
the same shall report at once to the Chief of the Bureau of Animal Industry, who
will direct whether or not said animals quarantined shall be appraised and slaugh-
tered, as provided by section 8, of the act under which these regulations are made.
All animals quarantined by reason of disease or exposure to disease shall not be
admitted to the established quarantine grounds, but shall be quararitined-elsewhere,
at the expense of the importer, or be dealt with in such manner as the Chief of the
Bureau of Animal Industry shall determine.

(8) In case of imported animals proving to be infected, or to have been exposed
to infection, such dport;ions of the cargo of the vessel on which they have arrived as
have been exposed to these animals or their emanations shall be subjected, under
the direction of the inspector of the Bureau of Animal Industry, to disinfection in
gc(lll (llnanner as may be considered by said inspector necessary before it can be

nded.

(9) No litter, fodder, or other aliment, nor any ropes, straps, chains, girths, blan-
kets, Egles, buckets, or other things used for or about the animals, and no manure
shall_d landed excepting under such regulations ‘as the veterinary inspector shall
provide.

(10) On moving animals from the ocean steamer to the quarantine grounds they
shall not be unnecessarily passed over any highway, but must be placed on cars at
the wharves or removed to the cars on a boat which is not used for conveying other
animals. If such boat has carried animals within three months it must be first
cleaned and then disinfected under the supervision of the inspector, and after the
conveyance of the imported animals the boat must be disinfected in the same man-
ner before it may be again used for the conveyance of animals. When passage
upon or across the public highway is unavoidable in the transportation of animals
from the place of landing to the quarantine grounds it must be under such careful
supervision and restrictions as the veterinary inspector may, in special cases, direct.

(11) The banks and chutes used for loading and unloading imported animals shall
be reserved for such cattle, or shall be cleansed and disinfected as above before be-
ing used for such imported cattle. )

- (12) The railway cars used in the transportation of animals to the quarantine
grounds shall either be cars reserved for tﬁis exclusive use, or box cars not other-
wise employed in the transportation of animals or their fresh products, and after
‘each journey with animals to the quarantine grounds they shall be disinfected by
thorough cleansing and disinfection under the direction of the veterinary inspector,

(13) While animals are arriving at the quarantine stations, or leaving them, all
quarantined stock in the yards adjoining the alleyways through which they must
pass shall be rigidly confined to their sheds. Animals arriving by the same ship
may be q]lllara,ntined together in one yard and shed, but those coming on different
ships shall -in all cases be placed in separate yards.

(14) The gates of all yards of quarantinestations shall be keptlocked, except when
cattle are entering or leaving quarantine,

(15) The attendants on animals in particular yards are forbidden to enter other
yards and buildings, except such are oceupied by stock of the same shipment with
those under their special care. No dogs, cats, or other animals except those neces-
sarily present shall be allowed in the quarantine grounds.

' (16) The allotment of yards shall be under the direction of the veterinary inspector
of the port, who shall keep a register of the animals entered, with description,
name of owner, name of vessel in which imported, date of arrival.and release, and
other important particulars. :

(17) The veterinary inspector shall see that water is regularly furnished to the
stock and the manure removed daily, and that the prescribed rules of the station
are enforced. }

(18) Food and attendance must be provided by the owners of the stock quaran-
tined. 'Employés of such owners shalil keep the sheds and yards clean to the satis-
faction of the veterinary inspector.

(19) ** Smoking ” ig strictly forbidden within any quarantine inclosure.

{20) No visitor shall be admitted to the quarantine station without special written
permission from the veterinary inspector. Butchers, cattle dealers, and their ems-

- ployés are especially excluded.

(21) Ne public sale shall be allowed within the quarantine grounds,
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(22) The mspector shall, in his daily rounds, as far as possible, take the tempera-
ture of -each animal, commencing with the herds that have been longest in quaran-
tine and ending with the most recent arrivals, and shall record such temperatures
on lists kept for the purpose. In passing from one herd to another he shall inva~

_gly wash his thermometer and hands in a weak solution (1 to 100) of carbolic
acid.
_(28) In case of the appearance of any disease that is diagnosed to be- of a conta-
glous nature the veterinary inspector shall notify the Chief of the Bureau of Ani-
mal Industry, who shall visit the station personallyor send a veterinary inspector,
and on the confirmation of ‘the diagnosis the herd shall be disposed of according to
the fravity of the affection. i

(24) The yard and shed in which such disease shall have appeared shall besubject

to a thorough disinfection. Litter and fodder shall be burned. Sheds, utensils, --

and other anlia,nces shall be disinfected as the veterinary inspector may direct.
The yards, fence, and manure box shall be freely sprinkled with a strong solution
of chloride of line. The flooring of the shed shall be lifted and the whole shall be
left:open to the air and unoccupied for three months. :

(20) In the case of the appearance of any contagious disease the infected herd
shall be rigidly confined to 1its shed, where disinfectants shall be freely used, and
- the attendants shall be forbidden all intercourse with the attendants in other yards,
and with persons outside the quarantine grounds. 1M R

. M. RUSEK,

Secrelary.

[The designation of the ports, named in the foregoing regulations ag quarantine sta~
tions, was approved by the Secretary of the Treasury on the 16th day of October, 1890,
&s provided by section 8 of the act of Congress approved August 80, 1890, provid-
ing for inspection of meats and animals.} -

It is believed that these regulations will not only protect our
herds and flocks, but in view of the assurances to that effect re-
ceived from the British authorities it will probably result in the
revocation by the British Government of ifs regulation excluding
American sheep from Great Britain. , \ .

The inspection and quarantine of all cattle, sheep, and swine im-

orted into the United States will add largely to the work of this

ureau. During the twelve months ending June 30, 1890, cattle
were imported to the number of 30,695 head and sheep to the num-
. ber of 893,794. The figures of the Treasury Department fail to give
“the number of swine imported. ; .

The increased duties levied under the present law may greatl
diminish the number of animals imported int6 this country, althoug
during the year just past 3,935 head of cattle and 16,303 head of

‘sheep were admitted duty free on the ground that they were im-
“ported for breeding purposes.

INSPECTION OF SALTED MEATS FOR EXPORT.

The act of August 30, 1890, provides ‘‘that the Secretary of
Agriculture may cause to be made a careful inspection of salted
pork and bacon intended for exportation, with a view to determining
whether the same is wholesome, sound, and fit for human food, when-
ever the laws, regulations, or.orders of the government of an])i
foreign country to which such pork or bacon is fo be exported sha
‘require inspection thereof relating to the importation thereof into
such country, and also whenever any buyer, seller, or exporter of
iﬂc}l Ifneats intended for exportation shall request the inspection

ereof.” . : :

This inspection has been assigned to the Bureau of Animal In-
dustry and all arrangements have been made to carry the law into
effect. It is too early at this writing to estimate the quantity of
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. . 1
meat that the Department will be called upon to inspect under this
law, but should the prohibition now enforced by certain continental
governments be removed so far as regards inspected meats, as there

'is now reason to hope, there is no doubt but that the amount will be
very large. The regulations adopted for this inspection are as fol-
lows: -

Regulations for the Inspecﬁon of Salted Pork and Bacon for Export,

UNITED STATES DEPARTME»{T OF AGRICULTURE,
‘ OFFICE OF THE SECRETARY,
Washington, D. C., September 12, 1890.

By virtue of the authority conferred upon the Department of Agriculture by
section 1 of an act entitled “An act provig'?ug for the inspection of meats for ex-
portation, prohibiting the importation of adulterated articles of food or drink,
and authorizing the President to make proclamation in certain cases, and for other
purposes,” approved August 80, 1890, the following regulations for the inspection of
salted pork or bacon for export, and the marks, stamps, or other 'devices for the
identification of the same, are hereby prescribed: ‘

(1) Whenever any foreign country, by its laws, regulations, or orders, requires
the inspection of salted pork or bacon imported into such country from the United
States, all packers or exporters desiring to export to said country shall make appli-
cation to the Secretary of Agriculture for such inspection; also, whenever any
buyer, seller, or exporter of such meats intended for exportation shall desire inspec-
tion thereof, he shall likewise make application to the Secretary of Agriculture for
such inspection. ‘ .

(%) The application must be in writing, and shall give the name of the packer of
such meats, and, if the packer be the exporter, the probable amount of such meats
to be exported per week or month for which inspection is requested; the name of
the country, or countries, to which such meats are to be exported; the place at
which inspection is desired and the date for such inspection. The applicant shall
likewise agree to abide by these regulations, and to mark his packages as herein-
after provided.

- (8) Every package containing salted pork or bacon which has been inspected must
betl')rﬁ,nded or stenciled both on the side and on the top by the packer or exporter,
as follows:

FOR EXPORT. .

(a) (Here give the name of the packer.)

(b) (Here the location and State of the factory where packed.)

(¢) (Here gilze th)e net weight of the salted pork or bacon contained in the
package.

(d) (If exported by other than packer, the name of the exporter.)

(¢) (Name of consignee and point of destination.) :

The letters and figures in the above brand shall be of the following dimensions:
The letters in the words ‘“ for export™ shall not be less than three-fourths of an inch
in length and all the other letters and figures not less than one-half an inch inlength.
All letters and figures affixed to the top and sides shall be tegible and shall be in
such proportion and of such color as the meat inspector of the Department of Agri-
culture may designate. :

(4) The meat inspector of the Department of Agriculture, having, after inspec-
‘tion, satisfied himself that the articles inspected are wholesome, sound, and fit for
human food, shall affix to the top of said package a meat inspection stamp, to be
furnished by the Department of Agriculture, said stamps bearing serial numbers,
and the inspector will write on saidg stamp the date of inspection. The stamp must .
be securely. affixed by paste and tacks, in such a way as to be easily read when the
Package is standing on its bottom. Not less than five tacks shall be driven through
each stamp, one at each corner and one in the middle. :

The stamp having been affixed it must be immediately canceled. For this pur-
pose the inspector will use a stencil plate of brass or ¢opper, in which will be cut five
parallel waved lines long enough to extend beyond each side of the stamp on the
wood of the package. At the top of said stencil will be cut the name of the
inspector, and at the bottom of said stencil will be cut the district in which in-~
spection is made. The imgrinting from this plate must be with blacking or other

urable material, over and across the stamp, and in such manner as not to deface
© the reading matter on the stamp; that is, so as not to daub and make it illegible,
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The stamp having been affixed and canceled, it must immediately be covered with
a coating of transparent varnish or other substance. Orders for slamps imust be,
made by the inspector on the Chief of the Bureau of Animal Indusfry. , The inspeet<
or having inspected and found wholesome the contents of said package and affixed
the stamp thereon, will issue to: the packer or exporter a certificate of ‘inspection,
reciting the time and place of inspection, the name of the packer, the name of the
exporter, and the name of the consignee and country to which exported. He will
also place on said certificate the number of the package. One certificate only will
be issued for each consignment and must designate the stamp numbers of all the
. panka%es contained in said consignment. :

(5) The inspector will enter in the stub of his stamp book ths information given
by the packer’s brand on the.package inspected, and will report daily on blank
form (m. 4. 1) the number of stamps issued on each date and all the information re-
quired by said blank.

(6) The certificates of imspection will be furnished by the De¥artment of Agri-
culture and be issued in gerial numbers and in triplicate form. The inspector wi
deliver one copy of said certificate tothe consignor or shi%per of such meat inspected,
one copy he will attach to the invoice or shipping bill of such meat, and the third
copy he will forward to thé Chief of the Bureau of Animal Industry of the Depaxt-
ment of Agriculture for filing therein. He will likewise make a daily report on
blank form (m. i. 2) of all certificates issued on that date, and fill out said blank with
. all the information required thereon. ‘

7) Whenever the inspection of any salted pork or bacon is reciilested by an ex~
porter or shipper at any other place than where packed, the packages conta.ining
such meatsare to be'opened and closed at the expense of the exporter, and sai

ackages must be branded or stenciled in the same manmner and contain the same
information as prescribed in the case of inspection for a packer. M R
v . J. M. RUSK,

. Secretary.

The new duties connected with this inspection of animals and
meats, which have been assigned to this Bureau during the last year,
" will be seen by the above statement to be numerous and responsible.
They involve a greatly increased amount of work, but their fulfill-
ment will undoubtedly be of enormous benefit to the country, as they
will insure the protection of our live stock from imported diseases
and furnish a guaranty to foreign buyers that our meats are whole-
some and that our export animals are free from the contamination of
any communicable malady. ‘ ST

INVESTIGATION OF REPORTED DISEASES.

During the year the Bureau has been requested to investigate many
cases of diseases supposed to be of a contagious nature, including a
considerable number of cases of disease supposed by the owners of
the animals to be contagious pleuro-pneumonia or foot-and-mouth
diseage. Careful investigation in every case showed that these sup-
positions were incorrect and that the affection was either an ordinary
sporadic disease, or that it was tuberculosis or some other equally
common disorder. There have been no cases of é)leuro—pneumonia
found except in asmall district on Long Island and an equally small
district in New Jersey, which has long been_infected, but - from
which the contagion is now nearly or quite eradicated.

There have been several reports of foot-and-mouth disease in the
interior of the country from persons who had never seen the Kuro-
pean disease known by this name. Investigations have, however,
shown in every case that the diagnosis was not justified by the facts,
and that the actual disease was of a sporadic nature and not con-
tagious. There hasbeen no real foot-and-mouth disease in the United
States since March, 1884, when it was introduced into the Portland
quarantine station by cattle from Great Britain. The contagion in

!
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this case was disseminated to a small extent outside the quarantine
station, but it was immediately recognized and eradicated by prompt
- measures. With the three months’ quarantine to which all bovine
animals are subject, and the inspection of all other animals coming
into the country, it is next to impossible to introduce foot-and-mouth
disease without its being immediately recognized, and it would cer-
tainly be impossible for it to reach the interior of the Bnited States
without being discovered by the inspectors of the Department of
Agriculture. '

A recent circular issued by the State veterinarian of the State of
Missouri, which was headed, ‘‘Foot-and-mouth disease,” and which
gave a somewhat detailed description of the symptoms of a dis-
ease which the State veterinarian thought might be the European -
foot-and-mouth disease, has excited considerable comment abroad
and has been considered by some veterinary authorities as a demon-
stration of the existence of that disease; but careful investigation-
made by one of the inspectors of the Bureau demonstrated that the
disease was not of a contagious nature, and that it had little, if any,
resemblance to the foot-and-mouth disease of Europe. There had
been no cattle or other animals taken to Missouri which had been
imported from any country where foot-and-mouth disease exists, con-
sequently there was no explanation of the appearance of a foreign
contagion in that part of the country. Again, but one or two animals
in a herd of twenty or thirty were affected, while with foot-and-
mouth disease not one in a herd of that size would escape. In most
cases there was little fover, the sores in the mouth were not of the
nature of vesicles, and it is doubtful if any affected animals had an
lesions about the feet which were theresult of the disease. So small
a proportion showed signs of lameness that this probably resulted in
those animals from accidental causes. ,

There should be no difficulty in diagnosing at once such a disease
as this as distinct from the foot-and-mouth disease of Europs. The
foot-and-mouth disease could not originate spontaneously. = It must .
have a point of origin by contagion which would connect the disease
with the same malady in some other section of the world; again, foot-
and-mouth diseaseis extremely contagious, being rapidly and unmis-
takably transmitted from animal to animal and from}ilerd toherd. It
attacksevery animal in a herd, and not one animal in onehundred or .
even in a thousand exposed tothe contagion escapesthe disease, while
the vesicles are prominent and unmistakable both in the mouth and
about the feet. "The increase in temperature and the fever are too
marked to be overlooked. A disease with these characteristics has
never existed in theinterior of the United States. Rumors of such dis-
ease have been frequent, but they are started by people who are igno-
rant of the character of such diseases and who have had their imagi-
nations excited by reading the accounts of these diseases in other
countries.

Indeed, the reports are generally made in such a way as to show
that the description of the disease is taken from some publication on
the subject and not from the disease itself. This is the only possible
explanation of the resemblance of the symptoms given in such reports
to those observed in the disease suspected, for, when the disease itself
is examined, such characters as they mention can not be found.

The regort of the Bureau inspector, the main points of which were -
concurred in by the State veterinarian after a careful investigation,
should be sufficient to remove any fears of the existence of this dis-
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ease in the United States. Indeed the report of the existence of this
disease would have attracted little attention had it not been for the
great interests at stake and the evident desire of parties in other
countries to find a pretext to sustain the restrictions and prohibitions
now in force against the introduction of American cattle. These
parties have always been ready to give credence to the wildest rumors
and to Itmt the worst construction upon any report in regard to dis-
ease in this country. The order that all American sheep and swine
should be slaughtered on the English docks on account of foot-and-
mouth disease, which has been enforced for the last ten years, and the
unhesitating acceptance of the recent rumors of the same disease are
sufficient evidence of the correctness of this statement. The United
- States Department of Agriculture now has a large and capable force
of veterinary inspectors, whose whole time is devoted to the investi-
« gation of diseases, and the official reports of this Department are
worthy of the same respect and credence as the government reports -
of any of the countries of Europe. Usually when a government
makes an investigation of a rumored disease its report is believed
without question.” The numerous attempts which have been made to
"discredit the conclusion of this Department after the investigation
of the disease in Missouri, without giving any adequate reason for .
not accepting it, show that these parties are influenced in regard to
American questions by motives which do not apply to the same sub-
jects when affecting other countries,

SCIENTIFIC INVESTIGATIONS.

The original scientific research of the year has been mostly con-
fined to southern or Texas cattle fever and to the infectious diseases
of swine. With both very important results have been obtained
from the scientific as well as the practical point of view.

SOUTHERN OR TEXAS FEVER OF CATTLE.

The discovery of a. germ in the red corpuscles of the blood in this
disease—a germ entire%y distinct from bacteria but belonging to the
gfotozoa,—was mentioned in the report of last year. This notable
iscovery was abundantly confirmed by the investigations of the
%ear just past, and an additional point in the problem has" been
rought to light. ' :

It has long been suspected by cattle owners that the ap}gearal}ce
of the disease in northern cattle was in some way connected with
the ticks distributed by southern cattle. This hypothesis has, how-
ever, been generally discredited by scientific men, and indeed the
evidence in favor of it was very slight and intangible. It seemed,
however, worthy of investigation, and the result has been to obtain
indisputable evidence that the disease is produced by ticks from
southern cattle.

" Ticks taken from southern animals and placed upon pastures

which could have been infected in no other way, so infected these

grounds that susceptible cattle placed upon them contracted -the
isease in the same length of time and were as seriously affected as

were other susceptible cattle placed upon pastures in company with

southern cattle.” Again, young ticks that were hatched from the

eggs of large ticks pickedy from southern cattle were placed upon
susceptible animals and produced the disease.
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There are, consequently, two factors in the production of south-
ern fever—first, the tick, and secondly, the protozoal microdrganism
which lives in and destroys the red blood corpuscles of the affected
cattle. Where the tick obtains the protozodn is not yet known, but
that the microdrganism can be transmitted from one generation of
ticks to another through the egg is demonstrated. It is important
to learn through how many generations of ticks the germ can be
transmitted without losing its virulence and whether there is an
other means by which it gains access to the system of cattle in ad-
dition to being introduced by the punctures made by ticks.

There are evidently ticks which do not harbor this minute para-
site, because cattle susceptible to southern fever are frequently bad-
ly infested with ticks without showing any marked symptoms of
d}i,sturbed health. On the other hand there may be means by which
the protozodn gains access to the blood of cattle independently of
the agency of ticks; but it appears from theinvestigations just made |
that in the great majority of cases cattle are infected by means of
ticks. That is, the adult ticks drop from southern cattle and lay
their eggs upon the pastures. The eggs hatch and the young ticks
get upon susceptible cattle and produce the disease.

If this supposition is correct it is of great practical importance.
In the first place, susceptible cattle taken to t}ll)e South for breeding
purposes could be protected from the fever by keeping them in such
a manner that they would not become infested by ticks. That is,
they could be keptin stables not previously occupied by other cattle,
bédded with clean straw and fed upon hay or grass cut from fields
where no cattle had been fora considerabletime.  Inthesecond place;
it would seem that southern cattle might be rendered innocuous by
washing them with some preparation that would destroy the ticks,
or by holding them upon uninfected ground a sufficient time for the
ticks which are upon them to mature and drop to the ground, but
not long enough upon any one pasture for the young ticks to hatch -
" and reinfect them. ‘

The probability of reaching important practical results is such that
these investigations should be continued until the subject is thor-
oughly understood. :

SWINE DISEASES.

The investigations of swine diseases have been carried on with the
idea of determining (1) the relative prevalence of hog cholera and
swine plague, (2) the value of protective inoculation by various proc-
esses as a preventive of hog cholera, and (3) to test the practica-
bility of preventing those diseases by the use of the ptomaines or
bacggrial products developed by growing the germs in proper culture
media.

These researches have shown that swine plague is relatively more
prevalent than was first anticipated and that it is probably the cause
of as much mortality as is hog cholera. They also confirm our con-
clusion of last year that inoculation is not a practical or reliable
method of preventing hOﬁ cholera. A

The investigations of the bacterial products have been very inter-
esting, at least from a scientific’ point of view and as regards their
application to the prevention of human diseases. Thisinterest is in-
creased at the present time by the announcement of the celebrated
German investigator, Professor Koch, that he has discovered a rem-
edy for tuberculosis. This remedy is now believed to be a product
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of the growth of the bacillus of tuberculosis in appropriate culture
material. :
It should not be forgotten that the possibility of applying these
bacterial products to the prevention and cure of diseases was first
made evident by the investigations of the Bureau of Animal Industry,
and that if Professor Koch’s remedy is of the nature supposed his
method consists in the application of a principle discovered hers.
Our recent work in this line has been to separate the substance
which has this preventive power from the many other chemical
principles present in the culture liquids, and to study its nature and
groperties. This chemical work was placed in the hands of Dr. von
chweinitz with general directions as to the character of the investi-
gations, in the spring of 1890, and since that time the products of the
hog-cholera germ have been studied quite thoroughly and their re-
markable power in conferring immunity has been confirmed. ;

. Unfortunately these products are very irritating, and in the doge
> necessary to produce an effect upon the system of the hog they cause
an inflammation at the point where injected into the tissues, which
_is a g¥eat objection to their use. They could be given in smaller and

more numerous doses, but this increases the expense so much as to -
make their use impracticable. When administered by way of the
stomach their effect is lost. -

- That this method of preventing disease with other maladies and
“‘éfrer species of animals and particularly with mankind is destined
to be of much service seems very probable. With this ultimate
object in view we have endeavoredp to. produce artificially a dru%
which would have the same composition .and effect as the %a,cteria
products. By such a process we hope to obtain the preventive
agent at less expense and without danger of being contaminated
with the deadly germs that cause the disease. To a great extent
these researches have been successful and we are now able to pro-
duce a_ substance entirely by chemical processes which not only
resembles the bacterial product of the hog-cholera germ in composi-
tion but which has almost if not quite the same power of conferring
immunity from the disease. , »

By these preliminary studies we have worked -out the proper
methods of investigation, and it is hoped that by applying them to
tuberculosis and other diseases which affect animals of greater value
than hogs successful means of prevention may be secured. And if
incidentally these methods of prevention can be applied to diseases
affecting mankind, their value to the country and to the world will
only be increased thereby. :

GLANDERS.

The improvement in the District of Columbia in regard to this
disease is shown by the number of affected animals discovered in
1890 as compared with those in 1889. The last report of this Bureau

ave the number of horses condemned each month up to and includ-
ing November, 1889. Since then the number condemned monthly
has been ag follows: :

July........oouvvnns eeiieecneannanes
August, .. oeeii it
September...
October ... ..
4 | November...... D v
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During the twelve preceding months the number condemned wag
seventy-eight. = During the spring of 18%0 a very general inspection
was made through the city with especial attention to all large stables,
and the fact that-so few animals were discovered shows that now
the District is very nearly free from the disease. It is impossible,
of course, to maintain absolute freedom from such a malady, as it is
frequently introduced by horses from other parts of the country
that are sold in this market. : « ' :

PUBLICATIONS.

The great need of publications for gratuitous distribution which
treat in a systematic and thorough manner of the different subjects
connected with the breeding and care of the domestic animals has
long been apparent. The field is a large one to cover and can not be
properly treated in the works of private firms without making the
publications so expensive that they would be beyond the reach of
the people who most need them. . For this reason the Bureau of
Animal Industry has undertaken the preparation of a series of ze-

orts on the breeding and management of live stock in health and

igease.

These reports are intended for popular use, and whileso complete
and accurate that they will be useful to the professional man or
scientist, their language is to be as plain and free from technicalities
and unusual expressions as is consistent with a clear and forcible
treatment of the subject. Their purpose is educational, and it is
hoped that they will do much to clear away the absurd traditions and
practices born of ignorance which still obtain in some parts of the
country, and that ﬁmy will furnish a bagis for a progressive and suc-
cessful management, ‘

Large amounts of money are being expended for improved stock,.
and unless buyers understand the peculiar characters of the different’
breeds, the conditions under which they have been formed, the care
which is necessary for their existence, and the diseases to which they
are subject, they can only meet with indifferent success in breeding
them. The best stock is the result of the most intelligent manage-
ment, care, and selection, and unless this management and selection
are continued the stock will deteriorate. ‘

The number of breeders who have succeeded in establishing or im-
proving a breed have been relatively few, and the number who can
even maintain all the good qualities of our most improved breeds
without continually infusing new blood are not numerous. -This
shows a lack of knowledge among the great majority of breeders as
to the requirements of improved breefs of animals which calls for
correction. It is the object of this Bureau to collect this valuable
information from the few who do know and distribute it broadcast
to the many who ought to know. .

The first work of the series treats of the animal parasites of sheep,
one of the most important subjects which confronts the sheep breed-
ers. This work has been received with great favor, and the first
edition was exhausted within a few months after it was ready for
distribution. = A second edition was immediately ordered and the
aprlica,tions for copies are still numerous. ,

he second report of the series is at this writing going through
the press, and it will probably be ready for distribution by the 1stof
February, 1891, It treats of the diseases and accidents from whieh
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horses suffer, and it will be useful to an even larger class than the
volume which has preceded it. No labor has been spared either on
the text or the illustrations, and we have endeavored to make it com-
Eare favorably with the splendid volumes in\other and less practical
elds of science and research which the various departments of the
" Government have from time to time issued. ;
A volume on sheep husbandry and one on trotting and thorough-
- bred horses will be ready for the press almost as soon as the report
just mentioned is out of the way. In addition to these the regular
report of the Bureau of Animal Industry for the years 1888 and 1889
is'in an advanced stage of preparation and will be sent to the press
~ early in 1891,

CONDITIONS AFFECTING THE PRICE OF HOGS,

The conditions affecting the price of the animals produced upon
the farm is one of the most interesting and important studies which
can be made for the benefit of the stock grower, and as the chief of the -
Bureau has recently made an investigation of this subject a brief
statement of the facts and conclusions are inserted in this report.

The fluctuations in the price of hogs appear at present to be more

- easily traced and more subject to principles that can be definitely
-formulated than the variations in the price of other farm animals,
andtconsequently they have been selected for this preliminaryinves-
tigation.

The calculations which follow are principally based upon the sta-
tistics of the United States Census Bureau, the estimates of the Sta-
tistical Division of the Department of Agriculture, the report of the
Bureau of Statistics of the Treasury Department, and the annual re-
port of the Cincinnati Price Current. The population for the inter-
mediate years is estimated by the rate of growth for the ten years,
taking account each year of the immigration.

. The following table shows the population of the United States, the
total hog product including lard put on the market by the packing
establishments, the quantity which this constitutes per capita of
population, the quantity of hog product exported, and the total and
per capita quantity remaining for home consumption for each year
since 1873: ,

TABLE 1,
Hog products.

Years. Population. {Total. - Faxpo din_ Home consumption. ‘
Pounds, year | Per year encing Per
ending March1.| capita. June 30. Pounds, capita.

i

42,125,489 | 1, 707,583 39.3 690, 063, 405 964,644,178 22.
.1.43,281,838 | 1,701,314,614 89.3 623,415,255 | - 1,077,899, 359 A,
" 44,374,463 | 1,611-038, 842 36.3| 473,308,273 | 1,137,730,569 95,
.| 45,431,988 | 1,457,743,118 32.1 550,331,129 907,411,989 20.
| 46,482,434 | 1,669,369, 043 35.9 764, 470, 273 904, 898, 770 19,
. 47,550,552 | 2,045,230, 979 43.0 | 1,007,371,526 | -1,037,868,453 21,
.| 48,679,380 | 2,515,978,153 51.7 | 1,148,809,938 | 1,372,668.215 28.
.| 80,155,783 | 2,423,535, 672 48.3 | 1,230,702,175 | 1,192,833, 497 23,
51,473,728 | 2,643, 053,200 51.5 1 1,238,015,127 | 1,410,038, 169 1.
52,928,275 | .2,357,932,478 4.5 798,841,846 | 1,559,090, 632 29.
54,215,960 | 2,148,369, 228 39.6 627,098,446 | 1,521,275,777 28.

, 435, 2,228,42,478 40.2 715,142,817 | 1,513,284, 661 7.
56,547,602 | 2,441,877,868 43.2 755,416,998 | 1,686, 460, 942 29.
57,613,057 | 2,586,117,826 4.9 800,784,530 | 1,785,338,206 31,
58,848,103 | 2,677,814,968 45,5 827,849,998 | 1,850,464, 970 31,
60,155,808 | 2,528, 552,000 42.0 782,079,843 { 1,791,472, 157 29,

..} 61,378,141 | 2,479, 053,000 40.4 782,601,275 | 1,696,451,725 .
62,622,250 | 38,047,651,000 48.7 i 1,159,642,885 | 1,888,008,115 30.

MBLRORWHITR WD RTS RO
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The quantity of pork products put upon the markets by the pack-
ing houses of the East and West is partly estimated, but is so nearly
correct that the exact figures could not in any way change the con-
clusions which are here drawn from the table.

‘We see by this table the enormous amount of hog product put
upon the market in this country, an amount which varies in round
numbers from 1,457 million pounds in 1876 to 3,047 million pounds
in 1890. No account is taken of the hogs killed and consumed by
farmers or sold in villages, towns, and cities, but which are not
packed, as there are no definite data from which it can be determined.
Although this uantity is large it probably has no great effect
upon the price of hogs 1n the packing centers, since it is the visible
supply of hog products, the quantity put into the channels of com-
merce by the packing establishments, which we would expect to
influence prices. '

As would be expected there has been a great increase of hog
product during the years covered by the fable. From 1873 to
1877 the total amount was less than 2,000 million pounds per
annum, varying from 1,457 millions in 1876 to 1,701 millions in
1874. From 1878 to 1889 the product was over 2,000 millions each
year, varying from 2,045 millions in 1878 to 2,677 millions in 1887,
and reaching the enormous aggregate of 3,047 millions in 1890. The
quantity which this constitutes per capita of population varies from
32.1 pounds in 1876 to 51.7 pounds in 1879 and is only 48.7 pounds for
the great output of 1890. : .

The quantity of pork products exported reached the highest figures
in 1880 and 1881, (?roppmg off in 1882 and subsequently, as a result
of the unfavorable restrictions and prohibitions imposed by several
foreign governments. Deducting the exports from the total pro-
duction we find that the quantity left on the domestic market for
home consumption has varied from 19.5 pounds in 1877 te 31.4
pounds in 1887 and was 30.1 pounds in 1890.. .

In order to bring out the effect of demand and supply upon the
price the following table has been compiled, which shows in parallel
columns the cost of the hogs used for the winter packing in the
West, the total hog product per capita, and the domestic supply per
capita for the year: .

TABLE 2.
Cost of oy Cost of
i |8 prod-{ Domestic . + _ | Hog prod- | Domestic
Year. tgfg:’ﬂmé : Lu(,%, per | supply per Year. tlgl?%?l’cgllllllé uct per | supply per
to ch 1, capita. capita. toMarch T, capita. capita.

$3.78 39.3 22.9 || 1882.......... $6.06 4.5 20.5

4.34 39.3 24& 1883... 6.28 39.6 28.1

6.66 36.3 25. pee 5.18 40.2 2.3

7.05 32.1 20.0 4.29 43.2 20.8

5.7 35.9 19.5 3 3.66 4.9 31.0

3.99 -~ 43.0 21.8 4,19 45.5 31.4

2.85 5L7 28.2 5.04 42.0 20.8

4,18 48.3 23.8 4.99 40.4 2.6

4.64 51.3 2.4 3.66 48.7 80.1

i

This table shows that in a general way the cost of hogs has varied
inversely with the total hog product per capita, that is to say, the
cost has increased in most cases as the product decreased, and vice
versa. The variationsare not always, however, in thisinverse sense,

AG 90—7
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and there is even less correspondence to be found between the fluctua-
tions in cost and the ((iluantity remaining for domestic consumption
per capita. It is evident that there is some influence aside from the
- ere question of supply and demand, which has had an equal or
greater effect on the price of hogs. Our investigation indicates that
thig important factor is the price of corn. o

The following table is compiled to show in parallel columns the
value on the farms of the corn crop and the cost of hogs for the suc-

N

ceeding winter’s packing:

TABLE 3.
. Cost of
Cost of
Year. - corn on- Year. . bg:gs, win-
farms. mﬁ:ghnfch "
Cen

BERRERBEBNEEIBRERFT
WHBERNPTIORDSOUREOOID®
SRTRRARASeppeoton D
SBRRLIBZRIRERBRIZIRI

The above table shows that the fluctuations in the price of corn and
of hogs correspond so closely as to be really surprising. The only
discrepancies are in accordance with what appears to be a general
rule that there is a tendency, after corn has been high, for the price
of hogs to be sustained or even to advance for one year after corn
has declined. . : ~

These facts are best shown by the accompanﬁing diagrams. The
domestic supply. of hog product per capita, that is, the total hog
product put on the market by the packing houses less the quantity
exported, is compared in Diagram A with the price paid by packers
in the West for IIjlogs used in the winter’s pa.ciing. It will be seen
that while the direction of the lines representing the fluctuations is
generally in an opposite direction, this relation is by no means con-
stant. 1t is evident that there are other and more important factors
which influence the price of hogs. R

Diagram B illustrates the fluctuasions in the price of corn, the price
of hogs, and the total hog product per capita placed ugon the markets
by the packers. By fol%owin‘g the direction of the lines from year

t0 year it is seen that there was a sharp advance in the price of the
~ corn crops of 1873 and 1874, the price of hogs immediately following.
The decline in the price of corn in 1875 was not at once followed by
a decline in the price of hogs, but, on the contrary, the winter pack-
ing ending March 1, 1876, cost more than that of 1875, although
made from chea}ier corn. The reason for thisis seen in the decline
~in production. In 1879, 1880, and 1881 we find another advance in
corn, followed at once by an advance in hogs. Again we find the
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Average price of hogs and home consumption of hog products per ocapita.
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DIAGRAM B.

compared with the total production of\hbg products

Average price of hogs,

, and the price of corn.

per capita.
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price of hogs advancing in the winter of 1882-'83, although the 1882
corn crop shows a very considerable decline in price. This advance
in the price of hogs corresponds with a decreased production of hog
product per ca%ita of population. The second year of decline in the -
price of corn, that is, 1883, is followed by a marked decline in the
price of hogs, and this corresponds with a slight increase in produc-
tion of pork product. Then we find that, w’iti the continued decline
. in corn during 1884 and 1885, there was also a decline in hogs.. The
1886 corn crop brought more money and the price of hogs at once
advanced. Tﬁe crop of 1887 was still higher in price and the price
of hogs again advanced. The 1888 corn crop was lower in price, and
here we see the effect of the rule above referred to, for, while the
price of hogs did not advance, it was sustained and the drop was very
slight, only 5 cents per hundred pounds. In 1889 the price of corn
was still lower and the drop in the price of hogs was very marked.

If, now, we turn our attention to the line on the chart showing the
quantity of hog product in proportion to the population we find that
in 1874 the price of hogs advanced before there was an%r decrease in

roduction. The second year after the advance in corn the reduction
in the quantity of hog productismarked, and the reduction continued
one dyear after there wag a fall in the price of corn. In 1878-'79 the
production per capita reached the highest point, corresponding with
the low-priced corn crop of 1878. In 1880 tgere was a decrease in hog
product corresponding to the advance in corn, and in 1881 we find an
exception to the rule—an increase in hog product and at the same
time a second increase in price of corn. Then comes a drop in pro-
duction in 1882 corresponding to the increase in the price of the corn .
crop of 1881, 'With the drop in the price of corn 'in 1882 we find that
the hog product instead of increasing continued to decrease. This
shows a tendency, exhibited also in 1876, that should be noted, which
is that the hog product does not always respond to a fluctuation in
the price of corn until the succeeding year. That is, when the hog
crop has been decreasing for one or more years it requires some time
to change the conditions and increase it, or vice versa. We see the
operation of this rule again in the increase in the product of 1887
over 1886, although there was an advance in the price of the crop
fed. So again the decrease in the price of corn in 1888 over 1887 was
not followed by an increase in hog production until the succeeding
year.

From these facts we may conclude that during the eighteen years -
covered by the tables and charts the following general rules appear
to hear upon this %estion:

(1) The price of hogs increased with the price of corn without re-
gard to the amount of hog product placed upon the market.

(®) After an advance in the prices of corn and hogs for a series of
years the price of corn dropped one year before the decline came in the
price of hogs. ;

(3)_The fluctuation in the quantity of hog product per capita of
population which followed an advance or decline in the price of corn
after having moved in the opposite direction did not usually occur
until a year had intervened. hen corn had been high this failure
of the hog product to increase with the first decline in corn kept up
the price of hogs or even increased it for one year after corn dropped ;
but when corn had been low the failure of the hog product to decrease
in quantity the first year that corn advanced did not prevent the
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advance in the price of hogs immediately following the increase in.
the price of corn. ' , ‘

It would appear that the above conclusions are worth remember- -
ing, for if these rules have held good for eighteen years they will
likely apply for some time in the future. , .

Having determined some of the factors which have influenced the
price of hogs, and having found that the most important of all was
the price of corn, it may be well to briefly consider the causes which
fix the latter. The following table shows the price of corn, the total
production, and the production per capita of population.

{

TABLE 4.
: : Produc- . Produc- '
Price of | ; Total produc- Price of | i Total produc-
Year. corn té;;i&ﬁr tion. Year. corn. 'gggi e.r tion
Bushels. Bushels. Cents. | Bushels. B ls.

0 22,1 932,274,000 1| 1882.......... 48.4 30,6 | 1,617,025,100
19.6 0,148,500 ! 1883 42,0 28.6 | 1,551,066, 895
29.8 | 1,821,069,000 | 1884 B 32.4 | 1,795,528,000
28,2 | 1,288,807,500 1| 1885 32.8 34.8 1,986, 176,000
28.8 | 1,842,558,000 | 1886 36.6 28.9 1, 665,441,000
99,2 | 1,888,218,750 || 1887 4.4 4.7 1,456,161, 000
86.0 | *1,754,591,676 || 1 3.1 33.0 1,98Y,790, 000
34.2 | 1,717,434,543 || 1889 28.3 3.4 2,112, 892,000
23.2 | 1,194,916,000 ’

-+ *(ensus.

. Diagram C illustrates these fluctuations graphically. ‘We see that,
beginning with 1872, there was a decreased production of corn per
capita of population in 1873, and a further decrease in 1874, and
that there was a corresponding increase in price. In 1875 there was .
an increase in production and a decrease in price. In 1876 there was
a decrease in production and a further decrease in price. In 1877
there was a slight increase in production _and an equally slight de-
crease in price. In 1878 there was another increase in pro uction
and a decrease in price. In 1879 there was a considerable increase
in production and also an increase in price. In 1880 there was a
slight decrease in production and a slig]ft increase in price. ‘In 1881
there was a great decrease in production and an. equally marked in-
crease in price. In 1882 the production increased and the price de-
creased. In 1883 there was a decrease both in production and price. .
In 1884 and 1885 the production increased and the price decreased.
1n 1886 and 1887 the production decreased and the price increased.
In 1888 and 1889 the production increased and the price decreased.
This shows that as a rule the increase in production corresponds
with the decrease in price, and wvice versa, the only exceptions be-
ing found in the years 1876, 1879, and 1883, or three years in the
eighteen covered by the diagram. '

It is interesting to note concerning the three exceptional years
* just mentioned that two of them, 1876 and 1883, correspond to the
years on Diagram B, where it is shown that the price of hogs ad-
vanced in spite of the fact that the price of corn declined. ' hat is
to say, the reduction of the stock of hogs not only increased the
price of hogs but lowered the price of corn, because there were not
. 8o many hogs to feed and the corn which would otherwise have been
fed was put upon the market. The remaining exception, 1879, which
is a fluctuation in the opposite direction, corresponds to the year on
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DIAGRAM C.
Production of Corn per capita, and the average price per bushel on farms,
December 1.
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Diagram B when the production, and, consequently, the stock of
ho%f had reached the highest point. The large stock of hogs then
on hand evidently was the means of furnishing a home market for
the corn and caused an advance in price when under other condi-
tions there would have been a further decline. ,

The price of corn is therefore governed primarily by the law of
supgly and demand, but it may also be influenced by the financial
condition of the country, the purchasing power of money, and the -
relative supply of other cereals, and perhaps by other conditions.

There is one other point deserving of consideration in this con-
nection. It is a very common custom when corn advances in price
for farmers to hurry their hogs to market and reduce their breeding
stock. A glance at the table demonstrates the:existence of this cus-
tom, for we see that the hog product was invariably decreased as the
price of corn advanced and when the price of corn declined the hog
product again increased. v

This fact has led the writer to inquire if there was in reality any
* less return to the feeder for each bughel of corn when the price was
high than when it was low.. To determine this the three years 1874,
1881, and 1887, were taken, at which the ascending lines were at their
highest point, and it was found that the average price of corn for
those yearswas 57.5 cents and the average price of hogs $5.92—that
is, the value of a bushel of corn was equivalent to the value of
9.54 pounds of hogs. .

Taking now the four years 1872, 1878, 1885, and 1889, when the
descending lines reache(f their lowest point, we find the average
price of corn to have been 33.2 cents an(f the average price of ho§s
$3.47. In this case a bushel of corn is equal in value to 9.56 pounds
of hogs, or practically the ratio is exactly the same as when corn
was high. o

It appears that the best returns for hogs in comparison with the

~ . price of corn were received during the intermediate years between

the extremely high or extremely low prices. Taking the eight years
1873, 1876, 1877, 1879, 1880, 1883, 1884, and 1886, we find the average
price of corn to have been 39 cents and the average price of hogs
$4.59. For these years it will be seen that 8.5 pounds of hogs
brought as much as a bushel of corn.

These facts are important as indicating the proper course for the
farmer to pursue un}i)ler the varying conditions which are here con-
sidered. Their application is so plain to those that are interested
that it is not necessary to go into greater details in this report

'UNITED STATES CATTLE QUARANTINE.

The superintendents of the various neat cattle quarantine stations
report the names of the importers and the number and breed of each
lot of animals imported during the year 1890, as follows:

Station for the port of Baltimore, St. Denis, Maryland.
[Dr. A. M, Farrington, acting veterinary inspector.]

Date ) . No.of
of ar- i Name and post office address of importer. | Port of shipment. | Name of breed. 311;1‘-5.

rival,

1890. : .
Mar.17 | S.C.Kent, West Grove, Pa.ciieiiiiiinieienan. Liverpool....c.... GUeIrnsey. ieiee. 62

N [



BUREAU OF ANIMAL INDUSTRY. 105

Station for the port of New York, Garfleld, New Jersey.

[Dr. Wm. Herbert Lowe, saperintendent.]

Date , - No. of
of ar- ;| Name and post office address of importer. Port of shipment. | Name of breed. | - ani-°
rival. mals,
May 13 | H.N.Heffner, Delaware, Qhio ................ Red Potled...... 14
15 | Alfred Sully, New York City .. veeeand .| Hereford 6
21 | E.M. Barton, Hinsdale, IIl...... u
Nov.27 | W. W.Law, New York City 4
Total........ BT APPSR RO 33
Station for the port of Boston, Littleton, Massachusetts.
[Dr. A. H. Rose, superintendent.]
Mar.21 | R. J. Mendénhall, Minneapolis, Minn.......... Liverpool......... Shorthorn ...... 7
May. 2| S.P.Clarke,Dover, Ill......c. .cccovunnroninnns s [o Galloway........ 2
July 8l i i@0iiitiiuieietierne i P s (R Y (s R 3
L R AP AP 13
Stat/ion Jor the port of Boston, Liitleton, Massachusetts.
[Dr. A. H. Rose, Superintendent.]
SHEEP.
Oct. 28 | Jno. Milton, Marshall, Mich. ................... Liverpool......... Shropshire ..... 41

‘The following shows the whole number of cattle and sheep re-
ceived at the various stations from J anuary 1, 1889, to January 1,
1890: ) ,

Patapsco station........................ ... .. ... .. 62

Garfleld station.................. ... .. ... ... 38 .

Littleton, Massachusetts................voooun o 53
153

INVESTIGATIONS OF THE INFECTIOUS DISEASES OF ANIMALS.
By Dr. THEOBALD SMITH:

The following brief account of the investigations conducted under
my direction info the nature of the infectious diseases of animals has
been Erefpared by Dr. Theobald Smith, who is in charge of this
branch of the work of the Bureau of Animal Industry. All minor
details, as well as the greater part of the autopsy notes, have been
- reserved for special reports, and only the most 1mportant results are

given in this place. ' '

INVESTIGATIONS OF TEXAS CATTLE FEVER.

The investigations into the nature and causes of Texas or southern
cattle fover have be>n busily pushed during the summer of 1890, and
some very important advances made which are destined to be of
great practical importance.

During the summer of 1888 much time was spent in determining



106 REPORT OF THE SECRETARY OF AGRIOULTURE.

whether or not any specific bacteria are the cause of this disease as
they are of a host'of human and animal infectious diseases. This -
was the/more necessary inasmuch as former observers have always
described bacteria of one kind or another associated with it. Butno
bacteria could be found in the bodies of animals which had suc-
cumbed to Texas fever excepting those which guite invariably mul-
tiply in dead bodies after a time and have no significance whatever.
At the same time the writer came to the conclusion that the disease
was confined to the blood and consisted essentially in a breaking
down of the red corpuscles. ’ '

During the summer of 1889 arrangements were made by which the
disease could be studied near the laboratory in Washington, and, as
reported last year, a parasite was found within the red corpuscles
whose presence could only mean the breaking up of the corpuscle
itself sooner or later. This discovery was adapted to explain satis-
factorily the various lesions observed, as well as the great reduction
in the number of corpuscles observed in those cases which died after
prolonged disease or which ultimately survived, In some of these
cases the blood is watery; it has in fact scarcely any color remain-- .
ing. This condition was expressed mathematically by counting the
number of blood corpuscles. Thus in most cases before death the
number of corpuscles was but one-sixth of the number normally

resent in the body. When we contemplate the very important -
unctions of these e%ements we need not be surprised at the serious
effects resulting from loss to the body, within one or two weeks, of
five-sixths. of its corpuscles. a

During the present year the disease was produced at the Experi-
ment Station by the importation of North Carolina and Texas cat-
tle and the investigations continued. The work was sufficiently
extensive to occupgr most of the time from July to December, while
the examination of preparations and other work connected with this
subject occupied much of the writer’s time last winter and will of
‘necessity require much additional labor this winter.

During the summer about fifty-three native animals, distributed
around in various experimental inclosures at the station, received
more or less careful attention. The temperature of all was taken
every other day by Dr. Kilborne to detect the beginning of the dis-
ease. Of these about twenty-four either succumbed to Texas fever
or else were killed in a dying condition. These cases were subjected-
to a careful post-mortem examination, and the internal organs under-
went a careful microscopic scrutiny at the laboratory. Thesurviving
animals were examined at different intervals of time more especially
with reference to the condition of the blood. The blood corpuscles
were counted and carefully examined with reference to the presence
of the Texas fever parasifesin order to determine the presence of
any disease and the progress it was making. Those animals that
died were also examined more or less frequently during the course of
the disease in the sameway. It wasfound moreover that these blood
examinations were absolutely necessary in many cases to detect an
~ disease whatever, and they put the field experiments, to be outline

later on, on a positive basis. C
 The examination of the internal organs, such as the spleen, liver,
and kidneys, from those animals that died of Texas fever showed
the presence of the blood parasite described last year in every case;
in some in such enormous numbersthat every ot]sier blood corpuscle
appeared infected. In the course of the disease the paragites were
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detected in many of the cases examined. They were also present in
the circulating Llood one or two days before the animal died.

This parasite, which, as has been stated before, does not belong to
the bacteria but to the protozoa, received considerable attention
during the summer. It has appeared under several forms, and dis-
tinct amoeboid movements of the largest forms were seen within the
red corpuscles whenever the preparation was maintained above a
certain temperature.

The work of the summer has thus confirmed that done during the
two previous summers. There can be no doubt of the existence of
genuine parasites within the red corpuscles and their destructive
activity.

THE RELATION OF TICKS TO TEXAS CATTLE FEVER.

‘While the investigations into the nature of this disease were going
on other equally important work was being carried on at the Experi-
ment Station on the external characters of the disease. ,

It is well known to those who have come in contact with southern
cattle in summer that they are infested with the so-called cattle-tick,
a pest belonging to the class Arachnoidea and to the family Jxodide.
Thege ticks are carried north with cattle during the warm season of
theé Year. When fully matured they drop off from the southern
animals, lay their eggs on the ground, and perish. The young ticks
are hatched within fifteen to thirty days after the eggs are laid and
at once get upon the cattle where they become mature within twenty
to thirty days to again drop off, lay their eggs, and die. This pro-
cess goes on continuously until the cold weather comes.

At various times and in different parts of the country it has been
suggested that the ticks were the cause of Texas fever in northern
cattle. This inference was undoubtedly suggested by the fact that
nearly all cattle that die of Texas fever are observed to have these
ticks of various sizes attached to the skin. Moreover the disease
only makes its appearance after the young ticks have attached them-
selves to cattle. Though this was purely a post hoc propter hoc in-

. ference, it was nevertheless true, as the experiments to be recorded

will amply prove. . ~

During the summer of 1889 Dr. F. L. Kilbornse, in arranging the
various inclosures at the Experiment Station for the exposure of
native cattle to the infection of Texas fever, conceived the happy
ideg of testing this é)o ular theory of the relation of ticks to t%e
dis%se. - This he did by placing southern (North Carolina) cattle

.with native cattle in the same inclosure and picking the ticks from

the southern stock as soon as they had grown large enough to be de-
tected on the skin. This prevented any ticks from maturing and
infecting the pasture with the eggs and hence prevented any ticks
from infesting native cattle subsequently. At the same time, in an-
other inclosure, the ticks were left on the southern cattle. The
natives in the latter field died of Texas fever; those in the former did
not show any signs of the disease. :

Another experiment was made in September in the same manner
by Ereparing three fields, one with southern cattle and ticks, a second
with southern cattle from which the ticks were removed, and a third

" over which only adult ticks had been scattered. The result was

equally positive. In the first field no natives died, but careful ex- -
amination of the blood by the writer showed Texas fever in an un-
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. mistakable manner. Inthe ‘tick” field one animal died of Texas.
fever, and the examination of the blood showed that most other
natives in the field were sick. In the third field containing southern
cattle without ticks no disease could be detected.

These two tests pointed directly to ticks as being in some way the
cause of Texas fever. At the same time it was thought best to con-
firm these results by further experiments during the present year
before other agencies could be eliminated. The immediate inference:
was that the ticks infect the pastures, and that in some unexplained
manner the infection finds its way into the body of susceptible
cattle. The preliminary conclusions deducible from the work of
1888 and 1889 can be formulated as follows: :

(1) Texas fever is a disease not caused by bacteria. Its nature
can not be understood by supposing a simple transfer of bacteria
fro;xf southern cattle to pastures and from pastures to northern
cattle. '

(?) The cause is very probably a protozodn, with a more complex
life history, living for a time within the red corpuscles of infected
animals. ‘ .

3) Southern cattle without ticks can not infect a pasture.
4) Ticks alone scattered on a pasture will produce the disease.

e work of 1890 was planned to confirm or refute these preliminary

conclusions and to furnish additional information. ’

The fields were arranged as before. One contained North Caro- -
lina cattle with ticks, a second Texas cattle with ticks, a third North
Carolina cattle without ticks, a fourth ticks only, and a fifth soil
from the pastures of infected North Carolina farms. Other fields
were also laid out to test questions which nded not engage our atten-
tion in this brief survey. ' , ‘

The results confirmed those of last year. The first animal to die .
was in the “tick” field, containing no southern cattle. No disease
appeared in the soil field, Unfortunately, owing to the limited space
of ground at our disposal and its barren, rolling character, ticks or
eggs were washed during the very heavy rains of the summer from
the tick field into the field containing southern cattle without ticks,
~ although a wide lane intervened. The natives in this field there-

upon all died of Texas fever. At the autopsy of these cases ticks
were found attached to their skin in abundance. ,

The disease caused by Texas cattle could not be distinguished in
character from that which was produced by North Carolina cattle.
These results similarly pointed to ticks as the cause. The precise
manner in which they caused the disease was by no means clear,
however. The theory which seemed for a time most acceptable,was
that the adult ticks as they dropped off infected the pastures with
germs which they had talen in with the blood of southern cattle,
and that the germs were introduced into the body of northern cattle
with the foodg. At the same time no parasite could be detected in
the blood of southern cattle examine£ at- various times, on which
fact I would lay no great stress, however. Of more importance is
the peculiarity Whic% is exhibited by this disease in its period of

“incubation, as it may be provisionally denominated, and which is
opposed to this theory. Thus, when native and southern cattle are
placed on the same pasture at the same time it will take from forty
to sixty days for the disease to appear. After the disease has once
shown itself fresh animals placed on the same-pasture may dje,
according to our experience, within thirteen days after the begin--
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ning of the exposure. We might say that the virus has ““to ripen”
on the pasture, which takes nearly two months, depending on mete-
orological conditions. . When once “ripened” this virus does ifs
deadly work within two or three weeks. This explanation, however,
would be merely formulating our ignorance concerning the true
nature of the infectious prineiple.

To the writer there seemed but one inference to be drawn from
the facts.and that is that the presence of young ticks is in some
way directly associated with tﬁe appearance of the disease. It
requires from forty to sixty days for the matured ticks to drop frem
the southern cattle and the eggs laid by them to develop into young
ticks. After that period young ticks are present on the pastures
until they are destroyed by the cold, or until the cold interferes with
the deve?opment of the embryo in the egg. In other words, the

eriod of incubation of the disease is explained without any difficulty
lt;y the life history of the tick.

The question was solved, experimentally, in the following manner:
Eggs laid by ticks sent from North Carolina were placed on dried
leaves in a dish partly filled with moist soil and kept in the labora-
tory until the young emerged from the egg. The period of incubation
depends entirely upon the relative amount of heat, and has varied
from fifteen days in midsummer to forty days in November, when
the rooms of the laboratory became co{d at night (50° to 60° F.).
These ticks were placed on four different animals of different ages,
kept away from any infected inclosures. Two were placed in stalls,
one of them on an adjoining farm, and two were allowed to stay in a

atch of woodland with healthy cattle.. Of these four two died of
%exas fever, as determined by careful post-morfem examination.
One of them was in the stall away from the Station, the other in the
patch of woodland. The other two became very ill; one of them
never recovered but had to be killed later on, the other recovered.
In all of them the germs were observed in the blood. The disease
possessed the same characters as those observed in cattle in the
infected pastures during the summer. There was an elevation of
temperature from nine to twelve days after the young ticks were
placed on the animals, going as high as 107° F. in one animal.
Accompanying the fever a gradual reduction in the number of blood
corpuscles was observed. In order to show more conclusively the
truth of the statements made a few brief notes from one of the
experimental cases is appended:

No. 144.—Cow about eight years old, purchased September 16 from a neighbor-
ing farm and placed among a number OF healthy reserve cattle in a piece of wood-
land at some distance from any infected field. s

- September 17.—A considerable number of young ticks, hatched in the laboratory
from the eggs laid by ticks sent from North Carolina, placed on this animal.
September 18.—Temperature 101.2° F., 6.3 millions red corpuscles in blood; nor-

mal.
September 24.—Another lot of recently hatched ticks placed on the animal.
September 27.—A. M., temperature 104° F. .
September 29.—10.45 a. m., temperature 106.2°, pulse 54, respirations 27, 4.98 mil-
lions corpuscles in blood. Ticks abundant on body, especially on inside of thighs.
Still quite small. o
September 30.—P. M., 107°. :
October 1.—P. M., 106.3°.
October 2.—P. M., 104°, , i
~October 3.—Found dead this morning. Seen alive at 6 p. m. yesterday. A large
number of ticks on animal, just through second molt. one of them large as yet.
Lungs only partly collapsed ; trachea and bronchi filled with foam. Ecchyme-
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ses ‘t]rn'dfr epicardium of both ventricles of heart and under endocardium of left

ventricle. o

' Spleegsj v)ery large, blackish, soft. Weighs 41-16 pounds. (Normal weight about
pounds.

Liver weighs about 12 pounds; enlarged, yellowish on section. .Complete injec~
tion of the intra-lobular bile capillaries. Extensive fatty degeneration of liver tis-
sue. Occasional gro?s of hseematoidin crystals.

Bile dark, scarcely flows. Density due fo large quantity of yellowish flakes and
mucus. ‘ :

Kidneys deeply congested ; tubules contain much yellowish pigment. Urine in
bladder of a deep, port wine color, barely translucent in small test-tube ; alkaline;
gpecific gravity, 1015 ; no sediment ; albuminous precipitate very abundant (.6 ger
cent. according to Esbach). - Heavy flocculent precipitate when acetic acid added
(heemoglobin). . .

In preparations of blood from the heart, of liver, spleen, and kidneys a small
number of corpuscles contain parasites, in contracted state, from 1.5 to 2 miero-
millimeters in diameter. In the blood, spleen, liver, and kidney preparations a
moderate number of large bacilli of post-mortem growth. (These bacill are invari-

ably present when the animal dies early in the night and is not examined until next
day. They are never found in animals killed in a dying condition. They occur in
other diseases under similar conditions.) e

These brief notes demonstrate that Texas fever can be produced
by placing young ticks on cattle, and that the disease can not be due
to any abstraction of blood, for the ticks were still quite smalland had
scarcely begun to draw blood on a large scale. Moreover the eor-
puscles perished in the body as is shown by the coloring matter in the
urine, by the thick bile, and the presence of piﬁment in the liver and
kidneys. No disease appeared among the other cattle in the same
inclosure. , , C

While the nature of Texas fever is by no means made clear as
yet, we are able to affirm that ticks can produce it. ‘Whaether the
disease can be transmitted by any other agency must be decided by
future investigations. Meanwhile the evidence accumulated thus
£a.r seems to favor very strongly the dictum: No ticks, no Texas

ever.

. .
SWINE DISBASHS.

. AN EXPERIMENT TO TEST THE VALUE OF SUBCUTANEOUS INJEC—
TIONS OF HOG CHOLERA BACILLI A8 A MEANS OF PREVENTING
HOG CHOLERA. ‘

Tn the report for 1889, page 87, it was stated that an experiment
was in progress which we hoped would be a final test as to the prac-
tical value of subcutaneous injections of cultures of hog cholera
bacilli in making swine insusceptible to the virus of hog cholera.
The first tests in this direction were made at the Experiment Sta-
tion early in 1886, soon after the hog cholera bacillus It)lad been dis-
covered. The tests at that time consisted in making two injections
under the skin of minute quantities of culture liquid containin,
hog cholera bacilli, several weeks apart. This method was modele
after that of Pasteur in anthrax vaccination. No favorable result
could de detected at that time. Although there was little hope that
such a method would prove efficacious in another trial, still it was
thought best to make it inasmuch as the disease to which the in-
oculated swine had been exposed in 1886 was of more than the ugual
virulence. , :

The method of subcutaneous injections of culture liquids confain-
ing hog cholera bacilli while on the one hand fraught with the
possible danger of scattering disease germs where they do not origi-

A
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nally exist is nevertheless the simplest and cheapest method that
can be devised for the vaecination of animals; these qualities of
simplicity and cheapness are of vital importancein a question which
has only a commercial aspect. It was therefore thought best to
give this method another and final trial, and in planning such an
experiment it was considered necessary to eliminate all those
sources of error which might possibly lead to an erroneous inter-
pretation of results. Hence the following inportant. conditions
were kept in view: -

(1) The animals must be young, unexposed hitherto even to a
suspicion of disease. (2) There must be a large number of control
or check animals of the same age and breed, which are to be subse-
quently exposed to the disease under precisely the same conditions
as the vaccinated animals. (3) The disease to which they are ex-

osed must have been carefully studied, the absence of other in-

ectious diseases, such as swine plague, determined, and the virulence
of the hog cholera germs causing 1t tested on rabbits. The disease
must be virulent enough to prove fatal to the control animals to
make the test of any value whatever. - ,

That all these conditions are of prime importance is evident from,
general considerations, and was made evident in a very striking
manner by the outcome of the experiment as will be seen further on.

The vaccine used.—In order to obviate the fatal effect of doses Of1
hog cholera cultures injected under the skin which sometimés shows
itself quite unexpectedly, especially in young animals, the writer
~ deemed it advisable to reduce the virulence of the cultures by appro-
Eriate means, so that larger quantities of the culture liquid might

e injected to increase, if possible, the vaccinating effect without
enc_ian%ering the life or stunting the future development of the
animal.

In reducing the virulence, or attenuating it, as it is more com-
monly denominated, the following method was pursued: Tubes of
peptone bouillon * inoculated with hog cholera acilli were placed
in a favorable temperature for multiplication (95 to 100°) over night.|
On the following day the culture liquid, now slightly clouded, was
placed in an unfavorable temperature of 110 to 111° F. (43.5 to
44° C.) and kept there for about ten days. Thereupon fresh tubes
were inoculated from these and subjected to the same process. From
time to time rabbits were inoculated to test any attenuation that
might have taken place, and it was noticed that there was a slight
modification of the disease in rabbits after a time. After the bac-
teria had thus been exposed to a high, unfavorable temperature for
more than two hundreg days and passed through twenty cultures, a
small dose of one-tenth cubic centimeter (one. five-thousandth of a
pint approximately) injected under the skin did not, prove fatal to a
rabbit, while larger doses were still fatal. Small quantities injected
into an ear vein were likewise fatal. The reduction of virulence was
therefore not very great, even after this very prolonged exposure to
a high temperature. At the same time it was thought advisable to
use 1t as vaccine a. - ,

A second vaccine was prepared at the same time. It was exposed
for only ninety to one hundred days, and passed ‘through nine cul-
tures in place of twenty, as with vaccine a. It was still virulent
enough to- kill rabbits in small doses, and in fact there was little

* Beef broth ooxita,ining a little peptoné and common salt.
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difference between this' and the original virus. This we shall call
vaccine b. , A
The animals used.—The pigs that were chosen for vaccination
numbered forty-eight in all. f these twenty-seven were from one
“farm in the District of Columbia where no disease had existed among
swine for years. They were all raised in pems. The remaining
twenty-one were obtained from a farm in the District which likewise
had been free from disease for a long time. They, however, had not
been raised in fpens, but were allowed to range over a large pasture.
At the time of vaccination they were all about three months old.
The first lot were the product of an Essex boar and Berkshire sows,
ure bred. The second lot were mixed Jersey Reds and Chester
hites, grades. At the date of vaccination they weighed from 50 to
75 pounds each, the weight being slightly in favor of the first lot.*
A large pen had been built for this purpose, divided into compart-
ments, which were separated from one another by tight bpard parti-
tions. 'We will denominate for convenience the twenty-seven pen-
fed swine as lot A, the twenty-one pasture-fed pigs as lot B.  They
were divided as follows: \

Incompartment 1..........ccoiiiiiniiaiiinaa. 7 of lot B.
In compartment 2. ... .. ... i iiii i aiae 7 of lot B.

In compartment 8................ DR 7 of lot B,

In compartment 4................... caeeet emFtiy.

. In compartment 5. . . .... 90f lot A.
In compartment 8. . ... ...t 9 of lot A.
In compartment 7T........cc. iiiiiiiiranaiian. emFty.

In compartment 8.. ... .. ... .. i iiiiiiiiieia 9 of lot A.

The vaccination consisted in injecting a definite quantity of pep-
tone bouillon, in which the attenuated bacilli had grown for about
twenty-four hours, into one or both thighs according to the quantity
used. ~ The date of the two vaccinations and the quantity injected
into each pig is given in the following table: ,

Com- ) '

Lot. . October 18, 1889. November 5, 1889.
ment. )
1...... B. | CReCKS. . ettaeititinainaeiieranaae]uensrereennesiaasaiiantieiaisarcanciais
b B. | 10 cubic centimeters* vaccine @ ....| 4 receive 2} cubic centimeters.......| Vaccine b

3 receive 5 cubic centimeters........ Do. -

L PP B. | b cubic centimeters vaccine a ...... 4.receive 10 cubic centimeters. ......| Vaccine a
4 3 receive 2} cubic centimeters.......| Vaccine b
871111 TA | 16 cuble centimeters vaceine a......| 'd Teceive 9 cubic centimeters.. .. | Vaccine b
: 4 recefve b cubic centimeters........ Do. '
[ PP A. | 5 cubic centimeters vaccine @ ...... 4 receive 10 cubic centimeters Vaccine a
¥ 5 receive 2} cubic centimeters Vaccine b
8L il AL Gk, LTI

*1 cubic centimeter is equivalent to yks gill or to # fluid ounce approxi.mately..

From this table it will be seen that the pigs received two injections
each, eighteen days apart. Both lots were treated alike, while the
quantity of liquid injected was varied somewhat. It will also be
noted that some pigs from both lots received only vaccinea both times.

After the first injection and as a result of it one pig in compart-
ment 5, belonging to lot A, died nine days after the injection. The
spleen contained hog cholera bacilli. 'Izhus but one out of thirty
succumbed to vaccine a, and in this case death may have been due to

*The selection of pigs, arrangement of pens, and inoculations were made by Dr.
F. L. Kilborne,




BUREAU OF ANIMAL INDUSTRY.. 113

the aceidental puncturing of a vein under the skin by the needle of -
the hypodermic syringe, by which means the bacilli may have been
injected into the blood. This procedure is quite invariably fatal when
large doses are used, as will be seen from the details of the experiment
to be reported further on. Fourteen days after the second inocula-
tion a second animal in the same compartment died, evidently as a
result of it, since hog cholera bacilli could still be detected 1n the
internal organs. Thus two out of thirty were killed by the inocula-
tion, or 6% per cent., a proportion rather high for any method des-
tined to have any practica{)value. But the problem before us now
was to see whether any method of subcutaneous inoculation could be
relied upon to give suificient immunity to resist the natural disease.
A method sufficiently severe to lead to the death of 6% per cent. of
the vaccinated animals should therefore in the sequel prove specially
efficacious for those animals that survived it. ~This, however, did
not prove to be the case. n

Of the control animals two from compartment 8 died sixteen and
twenty-one days, respectively, after the vaccinated animals had re-
ceived the second injection . of the vaccinal culture. In one there
was found diphtheritic inflammation of the middle portion of the
small intestines, in the other the mucous membrane of thelarge intes-
tine was moreor less inflamed. In neither case, however, could hog
cholera baeilli or any other bacteria be detected in the internal
organs. It might be inferred that this compartment had been in-
fected by the vaccinated pigs. It will be seen, however, that the
neighboring compartment was left empty and the greatest care was
takennot to use utensilsindiscriminately. Moreover the evidence of
hog cholera, the presence of the bacilli in the body, was not obtain-
able. Meanwhile the check pigs in compartment 1, adjoining the vac-
cinated lot in compartment 2, showed no signs of disease. :

It should also be noted that-all four deaths were from lot A, the
pen-fed pigs. Lot B stood the vaccination without any accident, and
the checks remained well till the time of exposure to the natural dis-
ease. The effect of the injections manifested itself in general by a
slight indisposition and a refusal to eat the daily ration for one or
two days. The place of injection showed in most cases a subcutane-

- ous tumor from 1 fo 2 inches long.

The exposure fo diseased pigs.~——The two injections or vaccinations,
as may be seen from the table, were made October 18 and November
5, 1889.  On December 19, about one and one-half months after the -
last injection, the pigs were exposed to the disease. At this time
there were twenty-three of lot A, of which seven were checks or con-
trol animals and sixteen vaccinated, and twenty-one of lot B, of which
seven were checks and fourteen vaccinated; so that there were in all
twenty-eight vaccinated and fourteen control animals tobe exposed.

Theanimalsin thedifferent compartments, hitherto kept apart, were
allowed to mingle by removing the partitions and thus making one
large pen. At the same time eight infected and diseased pigs were
placed in the pen with the rest. These had been infected on the sta-
tion from an outbreak carefully studied, from which swine plague °
could be excluded with certainty. - That the introduced disease was
sufficiently virulent is shown by the fact that all eight infected pigs -
died between December 20 and December 27, at the rate of about
one a\day, beginning the day following their mingling with the vac-
~inated and control animals,

AG 90——8
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The result of the experiment was curious and quite unlooked for.
The exposed pigs began to die on the 28th of December and continued
to succumb until February, when apparently all the susceptible
animals had been weeded out. The stal‘zus of the experiment Febru-
ary 1 was as follows: o ,

Of the lot of pen-fed pigs only one animal died, and this one of the
check animals. It had been small and unthrifty before the exposure,
and at the autopsy besides the rather mild hog cholera lesions there
was a general ansmic condition manifest. Hence practically all of
lot A resisted the disease, control animals included. The infection
had been too mild for them. - :

With the other lot of pigs the case was different. At the begin-
ning of the exposure there were fourteen vaccinated and seven con-
trol animals. At this time (February 1) there were left but three
vaccinated and one control animal. The disease had made no dis-
crimination between the treated and the not treated and had killed
seventeen out of twenty-one. Of the whole lot remaining all were
thriving excepting two or three, which were stunted in growth.

The inference to be drawn from these results is that the subcuta-
neous inoculations had little or no effect on the course of the disease.
Tor lot A the disease was too mild, for lot B it was fatal in spite of
the vaccination. This is practically the conclusion arrived at in
1886 when the experiments gave no better results than those just
quoted. It may be possible that, by increasing the quantity of the
culture liquid and the number of inoculations, a point may be reached
at which immunity is produced. But such modification besides en-
dangering the life of the animal would be too tedious and expensive
to be of practical value. )

There are some other not unimportant inferences to be drawn from
this experiment. They bear upon the methods employed in testing
the truth or falsity of subcutaneous vaccination and the evidence
that can be adduced in its favor. .

Had we chosen the pen-fed pigs to be vaccinated and the pasture-
fed Iiigs as control animals we might have reached the erroneous
conclusion that our vaccination was a complete success. Or had the
circumstances been just the opposite—had the pasture-fed pigs been
used for vaccination, the pen-fed for checks—we would have seemed
justified in concluding that vaccination or preventive inoculation is
not only a failure but predisposes swine to the natural disease.
Neither of these inferences is correct, however, as the experiment

proves. We should therefore be extremely cautious to accept any
conclusions in regard to matters of such importance without the re-
sults of carefully conducted experiments before us. Experiments
conducted in the field have at best but a partial value, gince the
. disease may be introduced into a given herd or not depending on
circumstances over which no proper control can be exercised, or else
if the disease appears the animals are of different ages and of differ-
ent degrees of health or else not exposed to the same dangers, etc.

Thus this experiment as well as those of former years afford suffi-

_ cient evidence for the conclusion that _the subcutaneous injection of
culture liquid containing hog cholera bacilli is not capable of pro-
tecting swine from hog cholera.

In order to determine the effect of the vaccination and exposure -
upon the surviving pigs their weight was roughly estimated Febru-
ary 1. Of lot A the six control pigs had an average weight of 105
gounds each, the fifteen vaccinated ones about 93 pounds. The in-

ividual weights varied from 60 to 160 pounds, the heaviest being a

‘
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control animal. Of lot B the three surviving vaccinated animals
weighed on an average 84 pounds each, and the surviving check or
control animal 105 pounds. The vaccination had thus the effect of
. slightly reducing the body weight in comparison with the control

animals.

A few additional experiments were made with this lot of pigs

~which may be very briefly summarized: i A
. March 18, 1890.—Qne cubic centimeter of a peptone-bouillon cul-

ture of the hog cholera bacillus was injected into one of the crural
veius of two control and four vaccinated pigs, all from lot' A. Of
these six animals one control died six dayslater. The others recov-
ered. This showed that some immunity had been gained by the
* vaccination. . ' :

April 18.—8ix other pigs from lot A, two control and two vacci-
nated animals were fed each with nearly a quart of viscera from hog
cholera cases.. All survived.

April 29.—Another and final test was made by taking the five

igs of lot A, which had survived the intravenous injection of
larch 18, together with four others of the same lot and two of lot
B, not thus treated March 18, and injecting into the crural vein
another. dose of bouillon culture of hog cholera bacilli. Three of
those which received the injection of 1 cubic centimeter March 18
now received the large dose of 5 cubic centimeters. Alltherest re-
ceived 2% cubic centimeters. . .

Of these eleven animals thus inoculated three died within two,
four, and forty-two days, respectively, after the inoculation. These
three belonged to the lot of six -which had not previously received
the intravenous injection. The other three survived. Kxpressed
in another form, of those which had received the intravenous in-
jection March 18 100 per cent. survived; of those which had not
received it 50 per cent. survived. Of the three which died, the two
which died in two and four days after the injection belonged to the
original check animals, the one which died forty-two days after was
a vaccinated animal. ,

These last tests lead to the inference that injections of hog cholera
bacilli into the veins in small quantity protects the animal against
injections of large doses ordinarily fatal. o

The history of the surviving vaccinated animals up to November
1, 1890, may be given very briefly. They were kept in the same
pens in which they had been exposed to the disease. Three died
subsequently, two being in very good condition at the time of
death. In one (June 22) there was a rupture of the cesophagus at
its insertion into the stomach, permitting the contents of the stomach .
to enter the chest cavity. The second (September 3) was not ex-
amined. The third died from enlargement and softening of the
bones of the head, impeding respiration. The remaining animals
weighed from 140 to 280 pounds apiece. Those that received the in-
jections into the veins were the poorest in weight.

AN EXPERIMENT TO TEST THE VALUE OF INJECTIONS OF HOG
CHOLERA BACILLI INTO THE VEINS AS A MEANS OF PRODUCING
IMMUNITY.

The preceding test had shown that two injections of hog cholera
bacilli under the skin had no appreciable effect in protecting swine
from the disease itself. Subsequent experiments with the same lot
of animals proved that when small doses of hog cholera bacilli are
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injected directly into a vein the animal so treated is able after s
time to resist fatal doses administered in the same manner. o

The plan laid out for this experiment was to inject into a vein of
the leg a very siall quantity of culture liquid containing hog cholera
bacilli to begin with; then after a certain period of time, depending
on the effect produced by the first inoculafion; to inject a larger dose
in the same manner, and perhaps a third dose still larger, using con-
trol animals to gauge the effect of the various doses on fresh pigs;
finally, to expose these inoculated animals to the natural disease.

The actual experiment carried out may be briefly summarized:
Twenty-five pigs were selected, and at the time of the first injection
they were about seven months old, in good condition, and weighing
from 75 to 90 pounds each.  The culture employed was derived from
an outbreak studied in 1889 and somewhat attenuated by age.

On August 23 thirteen pigs of this lot received the firgt injection.
Five received one-eighth of a cubic centimeter of a peptone-bouillon
culture, five one-quarter of a cubic centimeter, and three one-half of
a cubic centimeter each. In every case the small dose was diluted
with some sterile liquid, such as beef broth to bring it up to 1 cubic
centimeter. On the following day all pigs were sick and in propor-
tion to the dose received. This was shown by a refusal to eat, and
lasted but one or two days. '

On September 4, twelve days after the first injection, only one pig
had lost weight. They were all inoculated in the same way with 1
cubic centimeter each, and in addition four fresh pigs with the same
dose. After one or more days of slight illness following the inocu-
lation they all recovered, excepting the four fresh pigs. These grew
thin and weak, and two died September 29. \

On October 17 a final injection of 5 cubic ‘centimeters was given
to all surviving pigs and three fresh ones. The result of the inocu-
lations is given in a more condensed form in the following table:

Table giving the results of intravenous inoculations of culture liguid containing
) hog cholera bacilli,

%ig August 23, |, September 4. October 17, Remarks,

347 | ¢ cubic centimeter. November 8, condition good.
848 |....do. it PR | ... d November 8§, stunted.

849 |....dO . ivienniaiens November 8, condition good,

swelling and ulceration over
left tarsus.
November 8, condition fairly

good.
November 8, condition very

ood.,
Ngvember 8, condition fair,
crippled by swelling on feet.
...} November 8, ¢ondition good.
.{ November 8, condition very

ood.
vee Dgad October 21.
.1 November 18, stunted.

|....d0.. .. .
3 '.,1bic ce: . NoBember 18, condition good.
FE L T T o e 0.
cdOernannn. eeens eee e November 18, condition fair,
. swelling and sores on al
feet.
- Dead October 20.
Dead September 29,

November 18, condition good;
enlargement of left fore ant
hind feet.

Dead September 29,

Dead October 21.

Dead Qctober 23,

Dead October 20.

£
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From this table we learn that the three last control animals died
three, four, and six days, respectively, after the inoculation. This
indicates a decided immunity on the part of those which received
the two previous injections, since but one of these thirteen suc-
‘cumbed to the last inoculation on October 21, or in other words, 100
per cent. of the last control animals and but 7 per cent. of the pre-
viously inoculated animals died as a result of the last injection
{(which has thus far always proved fatal to pigs).

When we come to the four control animals of the second inocula-
tion (Nos. 352 to 355 inclusive) which received 1 cubic centimeter to
begin with, we find that two of these died as a result of the inocu-
lation, the third died as a result of the last inoculatiou, and the
fourth survived. ’

Although this method thus showed that pigs can be made more or
less insusceptible to fatal doses injected into the veins, it is not as
yvet proven that it will eventually prevent the treated animals from
acquiring the disease in the ordinary way. We have thus far been
unable to expose these animals, since no outbreak has been found
during the fall within reach to furnish the starting point at the
Experiment Station. :

Another point deserves consideration, and this is the effect of this
method of inoculation. If we examine the remarks appended to
the twelve cases which were inoculated three times, we learn that
only seven are in good condition, two are stunted and small, and
three are affected with enlargement and ulceration of the feet (from
the carpal and tarsal joints down) though otherwise in'good condi-
tion. 'These injuries are most likely the result of the inoculations,
which one it is impossible to state, and may be directly due to the
injected bacilli logged in the bones perhaps and causing their de-
struction. How much damage will be done thereby can not be sur-
mised at this time. :

SWINE PLAGUE.

The standpoint of pathologists and students of infectious diseases
both.in man and animals at the present time is that two diseases
must be regarded as identical or dissimilar according as the causes
which produce them are the same or different. Two maladies in
many respects the same are yet different from one another if the
bacteria which produce them are different. Not only is this stand-
point theoretically correct but sound also from a practical point of
view, for the simple reason that only an exhaustive study of the
causes of disease can eventually help us in suppressing them. ~While
pathology has done but little in the treatment of infectious diseases
of man and animals, most authorities being opposed to anystreat-
ment as useless and dangerous, it has already done much in formu-
lating rules for the prevention of such diseases by tracing the
insidious ways by which diseases are carried from place to place and
introduced into herds of animals, by studying the nature of the
virus, its vitality under various conditions, and the agents which are
capable of destroying it. ;

All these important facts result from the study of the disease-
germ in the laboratory, in the diseased animals, and in nature.
Hence it follows that the disease-germ is the most important factor
to be studied before other problems can be solved and before any
sound information concerning the disease itself is obtainable. It
also follows from these considerations that it is of essential impor-

y -
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tance to recognize the specific disease-germs wherever they may be-

- found. This study of bacteria or bacteriology lies therefore at- the

* basis of all investigations of infectious diseases and upon it subsid-
iary investigations relating to vaccination, inoculation, and treat-
“ment must rest. .

- - Two infectious diseases of swine have been recognized in the in-
vestigations of the past five or six years, denominated, respectively,
hog cholera and swine plague. The specifie bacteria which cause
them, and which can be made to reproduce them by inoculation, are
readily distinguished by any novice in bacteriological studies. Their
differences are sufficiently pronounced to demand careful separate
investigations, although the diseases themselves may be easily con-
founded and may occur side by side.

It has been maintained in some guarters that this position of the
Burean of Animal Industry in insisting upon the existence of two
distinct infections swine diseases is wrong and that there is but one
disease in the country demanding attention. This latter position
may be due either to inability to distinguish between the germs
causing these diseases, to inability to find them in diseased animals
by not applying appropriate methods, or else to the nonexistence of
one of these diseases in that part of the country where the investiga-
tions were made. .

No amount of time and labor has been spared in the study of these
two diseases, especially swine plague, in order that a thorough
knowledge of its nature might be obtained.. During midsummer of
this year we had the good fortune to find au outbreak of swine
plague on the coast of New Jersey, several miles from Pleasantville
and Atlantic City. The owner of the herd in which the disease had
broken out, Mr. Joseph Young, gave us all the assistance in his
power and freely sacrificed his animals for the purpose of investi-
gation. ,

The history of the outbreak may be stated very briefly as follows:
In May of the present year the owner purchased two lots of pigs
from a dealer, numbering ninety-seven in all. At the time of the
purchase more or less coughing was noticed among some unthrift
animals in'the lots. On the farm they were kept on dry, sandy soil,
and fed with hotel slops from Aftlantic City. The coughing did not
entirely disappear, ang on July 1 they began to die.~ Up to July 19
thirty-four had perished. July 20 four died, July 21 seven died, and
on July 22 eight died. These few facts indicate a very virulent and
rapidly fatal disease. It was without doubt brought with the pigs
themselves, as there had been very few pigs and no disease uponthe
farm for years, nor was any disease reported among swine in the
vicinity though fed and kept in the same way. '

The symptoms noticed by the owner were coughing, loss of appe-

‘tite, and emaciation. Vomiting was a common occurrence. The
sick animals were in the habit of straying and hiding themselves in
out-of-the-way places and under bughes. Some died within three to
five days after the first symptoms of disease; others lived a few days
longer. Some died suddenly without manifesting any signs of
disease. ‘

From thisherd aboutseventeen animals were examined after death.
Ten of ‘these were examined on the farm between July 21 and 23 in-
clusive and cultures made from the internal organs of six. Thispart
of the work could not be done very thoroughly, owing to the primi-
tive facilities and the innumerable insect pests on the farm, ‘There.
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sults of this work iﬁdicating that we lLad an outbreak of swine
plague instead of hog cholera to deal with as we had anticipated, it
was deemed advisable to make a more thorough investigation of this

~ disease. Dr. Kilborne was therefore directed to return aloneto this

farm July 28, and send to the Kxperiment Station at Washington
some sick animals where the disease could be more carefully investi-
gated in connection with the laboratory. Omn the farm two more
autopsies were made on dead-pigs and five diseased ones sent by ex-
press to the Experiment Station. Of these latter one died on the !
1st, three on the 3d, and one on the 5th of August. Subsequent in-
formation from the owner showed that only seven out of the entire

 herd had survived the infection, <. e., about 8 per cent.

-

It would be out of place in this brief report to go into detail con-
cerning the appearance presented on post-mortem examination of the
affected animals. In general both lungs and intestines were diseased
and the impression made upon the writer at first was that of an out-
break of hog cholera. The disease resembled very closely that
studied in Iowa in 1888, and the belief at that time on making the
post-mortem examination in several herds was that the disease was
hog cholera in some herds and swine plagde in others. As in the
Iowa disease, so in this' New Jersey outbreak, the impression that
the disease was hog cholera was entirely dispelled by the bacteriolog-
ical work, as will be shown further on.

- Asregards the lungs, these were consolidated more or legs in ten
out of the seventeen cases. The hepatization was in most cases ac-
companied by pleurisy of varying degrees of severity and more rarely
by pericarditis. The spleen and lymphatic glands were engorged
with blood in the majority of cases. The mucous membrane of the
stomach was usually deep{y congested and in a few cases portions of
the membrane had undergone mortification or necrosis. ‘

In the large intestine there was disease in almost every case. This
disease was manifested by a general reddening or by discoloration
and pigmentation of the mucous membrane, by more or less exten-
sive diphtheritic inflammation, causing superficial necrosis or mortifi-
cation-and by isolated ulcerations. In nearly all cages ulcers were
present. It is not surprising that hog cholera and swine plague
should be regarded as one disease when thelesions they produce are
so much alike to the casual observer. ,

In order to determine the true nature of the disease it became
necessary to learn whether hog cholera or swine plague bacteria
were gresent or whether,perhaps some third unknown germ could be
regarded as cause of the disease. Cultures weére, therefore, made
from the organs of six animals on the farm and from five animals
in the laboratory. The result of this laborious work was that no hog
cholera bacilli were found in any of the cultures made from these
eleven animals. They manifestly had nothing to do with the dis-
ease. In four out of the eleven cases swine plague bacteria were
found distributed through the organs of the body. In the remain-

" ing cases most of the cultures from the organs remained sterile. A

few contained other bacteria of a miscellansous character, most of
them known from former investigations.

The disease-producing power of the swine plague bacteria from
this outbreakis well illustrated by the two following experiments
made subsequently : ) . ‘

" Inoculation of healthy pigs.—Two pigs three months old and weigh-
ing 40 pounds received into a vein of the leg 1 and 5 'cubic centime-
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ters, respectively, of a peptone-bouillon culture of the swine plague
bacteria derived fromthis outbreak. Theanimal which had received
5 cubic centimeters was dead within sixteen hours. There was more
or less redness of the skin, csdema of the lungs, commencing peri-
tonitis, hemorrhagic condition of the kidneys, and congestion of the
mucous membrane of the stomach.. The pig which had received but
1 cubic centimeter died in four days. There was found at the au-
topsy extensive double pleuritis, pericarditis, and consolidation of a
- small portion of the left lung. The kidneys contained numerous -
abscesses. At the same time a third pig was inoculated by injecting
5 cubic centimeters of the culture liquid into the right lung. This
animal died within twenty-four hours with pleuritis, beginning hep-
atization of the lungs, peritonitis, and pericarditis. These results
are.indicated to show how virulent the swine plague germ of this
outbreak was and that the destructive activity of this germ is fully
.equal to that of the hog cholera bacillus.

In order to test the effect of feeding substances containing this
germ the organs of six rabbits which had been inoculated with it
were fed to.two pigs. They showed no signs of disease. A subcu-
taneous injection of 5 cubic centimeters of culture liquid was like-
wise without effect. The negative result following these methods
of introducing the swine plague germ into the body simFly confirms
former experiments of ‘a similar character with swine plague germs
from otheér outbreaks. : .

Kxposure of healthy pigs to sick animals from this outbreak.—The
five pigs sent to the Experiment Station were placed in a wooden

. pen with two healthy pigs. One of these died eleven days after with
a large number of necrotic masses in the lungs, exudative inflamma-
tion of the pleura and pericardium, intense hypersemia of the stom-
ach, and portion of the large intestine. Swine plague germs were
detected in lungs and intestines. The other pig exposed at the same
time became very unthrifty and was killed several months later. No
disease could be detected, but the weight of the animal at the time
it was killed was but 25 in place of 70 or 80 pounds. Three other
healthy pigs were placed into this pen, one of them while two of the
diseased pigs were still alive, the remaining two when all of the orig-
inal lot had died. These three exposed pigs also survived, but they
became unthrifty and after several months they were all over 50
pounds behind in weight. The explanation of this condition is by
no means obvious, although it would appear that the infection dis-
appeared in great part from the pen with the death of the diseased
animals and that more direct contact with such diseased animals
. 18 necessary to produce a fatal result in swine plague than in hog
cholera. '

Little need be said in this connection of the swine ({)lague germ it-
self. It did fiot differ from the same germ obtained from various
sources since 1886, and described in detail in the reports of the Bu-
reau of Animal Industry issued since that date, excepting perhaps in
its greater virulence. A very minute quantity of growth from cul-
tures placed beneath the skin of rabbits proves fatal in less than six-
- teen hours. Its fatal effect on guinea pigs and mice is no less
pronounced. These small animals are thus of great service to the
pathologist in exactly gauging the virulence of the same germs from
different localities. \ - ~

The investigation of thisoutbreal of swine disease has once again
demonstrated the existence of a highly infectious, extremely fatal dis-

N
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ease, which can not be included under hog cholera, and which without
difficulty may be ranked with hog cholera in economic importance to
the farmers of the sountry. ' ' ‘

- Tts mode of introduction into a herd is probably mainly through
_sick animals, which are suffering from the disease in a chronic form

and are the remnants of other outbreaks sold by unscrupulous per-
. sons or those who are not aware of the dangers and losses to which
they may subject owners of swine into whose herds these remnants
are taken. ' ‘

The disease still awaits a complete explanation of its variouschar-
acters, however, more especially as to any other channels by which
it may be transmitted from herd to herd, from animal to animal, and .
its capacity for thus transmittingitself, which capacity was very fee-
ble in the disease after it had been brought to the Station. Mean-
while the same rules of prevention* and for the application of disin-
fectants apply to both swine plague and hog cholera, although there
sg_re points of difference which need not be dwelt upon in this connec-

iom. :
TWO OUTBREAKS OF HOG CHOLERA.

Two other outbreaks of swine disease may be briefly mentioned, in-
asmuch as there was no difficulty in making the diagnosis of hog
cholera. . S

A limited outbreak was reported as having occurred in the District
of Columbia, a few miles from Washington City, during September.
There were eight in the herd, all of which died with the exception of
one, which was brought tothe Experiment Station for examination.
After lingering several weeks it also died. The most important
lesions found were superficial necrosis of the ileum and about a dozen
large ulcers in the large intestine. The lungs were normal and in
the spleen hog cholera bacilli were detected, which produced by inocu-
lation the characteristic disease in rabbits. oo o

The disease was traceable to the Washington market, where the
animals were purchased. This is not the first time that outbreaks
in the vicinity of Washington have been traced to this source.

Another outbreak was investigated by Dr. B. C. Schroeder at Quan-
tico, Virginia, during October, whose report may be briefly summed
up as follows: ' '

On October 28 Dr. Schroeder made post-mortem examinations of
two pigs which had been dragged from the farms where they be-
longed to the common to be disposed of by the buzzards. One had
been dead one or more-days, the other was still warm, having died
very probably only a few hours before. In the first animal were
noted enlarged spleen, reddening of mucous membrane of the stomach,
numerous ulcers in the large intestine. In the lungs were a few
small collapsed areas, otherwise they were healthy. ,

In the second animal the lesions were practically the same. There
was no consolidation of lnng tissue as in the preceding case. From -
the spleen of this animal cultures were made and these contained
only hog cholera bacilli, which produced in rabbits the peculiar and
characteristic inoculatiofl disease of the hog cholera germ.

Dr. Schroeder furthermore was informed that hundreds of pigs
had perished of hog cholera this season. The manner of disposing

*See Reporteof the Bureau of Animal Industry for 1887-°88, page 148 ; Bulletin
on hog cholera, page 123 ; Teport of the Secretary of Agriculture for 1888, page 156.
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of the carcasses ﬁentioned above, as well as the custom there prev-
alent of allowing swine to roam at large over the country does not
* make this extension of the disease appear at all surprising.

INVESTIGATION OF E. A. V. SCHWEINITZ, PH. D.

The following is a brief account by Dr. E. A. v. Schweinitz of
the chemical investigations conducted under the direction of the
chief of the Bureau of Animal Industty into the nature and effects
-of the chemical products developed ‘during the growth of the
microbes of hog cholera and swine plague: °

In January, 1890, the writer was appointed to take charge of the
chemical work of the Bureau of Animal Industry and investigate
the chemical side of the diseases of animals, especially hog cholera
and swine plague. It was necessary first of all to secure laboratory
room suited to this class of investigation. Onaccount of the crowded
condition of the offices of the Department, space was procured by
partitioning off rooms in the Museum building. This laboratory
was supplied with water, gas, and steam, the necessary working
desks, apparatus and chemicals, and by April 1 it was in proper
- condition to begin the investigations.

HOG CHOLERA. . -y

The first problem undertaken was the study of the culture liquids
of the hog cholera germ. Investigations of recent years have shown
that when different disease germs are allowed to multiply in artifi-
cial nourishing media, as beef broth, they form substanced which
have the general composition of alkaloids and proteids, and give a
number of the chemical reactions characteristic of these two classes
of bodies. The alkaloids formed by germs are called, as a class,
ptomaines, and the proteids, albumoses. = Some of these substances,
that have been isolated, are very poisonous in small doses; others
only slightly so, or not at all.” The fatal effects of a number of
diseases which are known to be produced by specific gérms are held
to be due to the fact that the multiplication of the germ in the
animal organism, just aswhen allowed to grow upon artificial media,
forms large quantities of these poisonous alkaloids and proteids,
which in their turn produce death. .

This suggests the inquiry: If this be true can not these poisons be
isolated by chemical methods and their exact nature and roperties-
determined? Further, is it not possible by giving smaﬁ) doses of
these poisons at a time to so accustom the animal organism to their -
effect that a subsequent large dose of the same poison, even when pro-
duced in the body by the active multiplication of the germ, would
not result fatally? }i‘hat this object may be accomplished by treat-
ing animals with sterilized artificial culture media, in which the germ
had been allowed to grow for some time, was demonstrated by the
work of this Bureau upon pigeons in 1887. '

The problems for solution were: ,

(1) To isolate the chemical compounds, alkaloidal and albumi-
noidal, which the hog cholera germ forms. o ‘

(2) Determine whether one or more of these compounds exist in
the artificial culture liquids. o ‘

§3) Which are the important ones?

4) Will the isolated compounds produce immunity' in animals
from the disease of hog cholera? : :

«
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§5 ‘What is their exact chemical constitution? :

6) Are there known compounds of the same or similar compasi-

tion, or one that can replace them? ,
é’?’; Can these compounds be made artificially? , .
8) Can chemical inoculation be made practical, and if so, what is
the minimum amount of substance and time required?

The results of the experiments permit of positive answers being

iven to all of these questions except the last so far as the disease o

og cholera is concerned, and only some details remain to be worked
out. .o
After a number of experiments we found that acid beef infusion
containing one half per cent. of peptone is the most satisfactory
medium in which to grow the bacillus of hog cholera. Erlenmeyer
flasks of 500 cubic centimeter capacity wereused to contain the liquids;
the mouthsof the flasks being closed witha cotton plug, and after inoc-
ulation allowed to stand in the incubator at 37° % fgor two to three
weeks. The liquids had by this time become alkaline in reaction and
careful examination showed that there was no contamination with
foreign germs. In isolating the chemical products from these solu-
tions the methods by which Brieger has obtained such excellent re-
sults were with slight modifications followed.

The culture liquid, after being neutralized with dilute hydrochloric
acid, was evaporated on the water bath. The residue was then ex-
tracted with 96 per cent. alcohol and the filtered solution treated with

‘mercuric chloride. A heavy crystalline precipitate was formed which
increased upon standing. After filtration this precipitate was treated
with water, decomposed with sulphuretted hydrogen, and the mer-
cury su}gphide removed by filtration. From the filtrate, after re-
moval of the excess of sulphuretted hydrogen and concentration, I
was able to isolate cadaverine and methylamine. The filtrate from.
the mercuric chloride precipitate was freed from excess of mercury
by sulphuretted hydrogen, and the mercury sulphide filtered off.
The residue, after concentration of this filtrate, was extracted with
absolute alcohdl, the solution thus obtained showing the presence of
a salt of an alkaloidal character. The reactions were as follows:

‘With Ehosphomolybdic acid—light yellow precipitate;

With bismuth potassium jodide-—red needles;

‘With phosphotungstic acid-a white precipitate;

With potassium iodide and iodine—brown red precipitate; °

With platinum chloride—yellow crystalline precipitate;
With gold chloride—yellow red crystalline precipitate.

Subsequently the use of mercuric chloride was omitted, and re-
peated extraction of the residue with alcohol alone substituted.

The double salt obtained with platinum chloride was submitted,
after crystallization from 96 per cent. alcohol, to preliminary analysis,
giving results which correspond to the formula, C,,H, N.PtCl;. The
free bage I have not yet succeeded in obtaining in a pure form. The
hydrochloride of this base is soluble in absolute alcohol as well as
water, and can be obtained as needle-like crystals.

By treating the original eulture liquids of the hog cholera germ
with a large excess of absolute alcohol, a white flocculentsprecipitate
was obtained, a portion of which was soluble in water and could
again be precigita,ted by alcohol. By repeated treatment of this sort
with water and alcohol a small quantity of an albuminoid body con-
taining carbon, hydrogen, nitrogen, oxygen, and sulphur, was finally
obtained. This substance, which we will call albumose, was dried
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~over sulphuric acid in vacuo, giving white translucent crystalline
plates. After drying it was still soluble in water, though dissolving
with more difficulty. The water solution gave with platinum chlo-
ride an almost soluble precipitate, appearing under the microscope
as needle-like crystals. 'The composition of this platinum salt shows
it to be a substance allied in eomposition to peptone. As to the exact
nature of this latter substance, whether it is a true proteid or belongs

" to the class of ferments, remains to be determined by subsequent
study and investigation. ,

Brieger and Fraenkel (Ber. Klin. Woch., 1890, No. 11), who have

extracted a similar substance from culture liquids of the diphtheria,
"tetanus, and cholera germs, and Baginsky and Stadthagen (Ber.
Klin. Woch., 1890, No. 13), who obtained an allied body from cul-
tures of the cholera-infantum germ, hold that the substances are pro-
teids. Roux and Yersin (Annales de PInstitut, Pasteur, 13890, p.
385), on the contrary, hold that the substances obtained by the pre-
cipitation with alcohol are ferments. Hankin (British Medical
Journal, July 12, 1890, p. 65), who has also isolated a substance
from culturés of anthrax possessing albuminoid properties, holds
the same view as Brieger and Fraenkel, that the body in question
belongs to the class of proteids.

In so far as our work upon the hog-cholera culture liquids
goes, we are inclined to the opinion that we have to deal with
albumoses, which can be heated in presence of acids to 70° without
decomposition. I am preparing now a considerable quantity of this
albumose and hope to be able in a short time to have something
more definite as toits exact nature. To be sure that the substance
one i8 dealing with is absolutely pure is very difficult when it is a
body of this nature, and only extended experiments can be regarded
as conclusive. \

As to the nature of the new ptomaine which has been isolated, we
will not go into a discussion of its exact chemical composition until
it is more definitely determined. ‘

In order, however, to distinguish the active principles formed by
the hog-cholera germ, I have named the ptomaines as a class sucho-
lotoxins, and the new base sucholotoxin (from the Greek 25c, a hog,
Xolépae, cholera, from Xoas, bile, and To€wdv, poison). To the proteid
body I have given the name sucholoalbumin. These names will be
used in referring to these bodies in the future. : .

Some experiments were made later, but may be inserted here, in
regard to substituting some other material for peptonized beef infu-
sion in furnishing nourishing media for the artificial cultivation of
the germ. Potato broth, pea broth, and plain beef infusion have
been used. 1In all of these the hog-cholera germ grows very vigor-
ously, forming the ptomaines and albumoses, but not in so large a
quantity as in the peptonized beef infusion.

' Now, in regard to the toxic effect of the sucholotoxin and sucho-
loalbumin, active poisons for guinea pigs, in small doses, they are
not. In large doses, corresponding to from 6 to 15 cubic centimeters
of the culture liquid, death is produced in guinea pigs in from six

_to twenty-fiour hours. A small subcutaneous injection causes the
animal te apgear stupid and uncomfortable for a short time, fifteen
minutes, produces 'a slight rise in temperature, necrosis of tissue,
and ulceration at the point of injection. '

It may be added here that in making these and all the following
experiments special precautions were taken tq prove that the mate-
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rial used was entirely free from germs. Cultures were always made
from the substances used for injection. S

The autopsy of & case resulting from poisoning with the ptomaines
may be inserted here: Liver, pale and fatty; subcutaneous tissue
over abdomen -necrogsed, and infiltrated muscle soft and friable.
Other organs apparently normal. ’

The next point to be decided was: Can immunity be produced
from hog cholera by previously treating the animals with these sub-
stances, 1solated from the culture liquids? The results are recorded
in the following experiments, which are very conclusive. For the
laboratory experiments guinea pigs were used as being convenient .
to handle and susceptible to hog cholera. They have proved very
satigfactory. .

The first of our experiments that we will record were made with
sucholotoxin. . :

Ezxperiment I.—Two guinea pigs, each weighing about 'three-
fourths of a pound, were treated with a solution of about 0.05
gram of sucholotoxin hydrochloride each. The solution was in-
troduced under the skin of the inner side of the left thigh. - Im-
mediately after the operation the animals appeared uncomfortable,
but were not made ill. - For a few days there was a rise in tempera-
ture and also a slight swelling at the point of inoculation, wﬁich, ,
howﬁever, disappeared in about five days, and the animals were then
well.

Two more guinea pigs were now selected as checks, approximately
of the same size and weight as those which had been treated, and the
four animals were then 1noculated with 0.1 cubic centimeter of hog
cholera virus each (0.1 cubic centimeter beef infusion peptone cul-
ture one day old, plus 0.2 of sterile, normal salt solution). This is
the dose which previous experiments made in the Bureau had shown
to be the proper quantity to kill a guinea pig in from eight to ten
days. The inoculations with the virus were also made subcuta-
neously in the thigh. The checks died in eight and nine days.

Of the animals which had been first treated with the substance
mentioned, and afterwards inoculated, one died two days after the
last check. The other guinea pig of this set was quite ill for ten
days, with a large swelling at the point of inoculation. This finally
opened and healed, and the animal was quite well within three weeks
after the inoculation, and has continued so to date—five months.

Experiment I1I.—The next series of experiments were made with
sucholoalbumin from beef infusion peptone culture media. :

Two guinea pigs were again selected and treated with about 0.008
gram each of sucholoalbumin. There was a slight rise of tempera-
ture in the animals and the formation of a small, hard lump at the
point of injection. This disappeared by the eighth day and the -
animals were quite well. . Two more guinea pigs were now taken as
checks, and all four animals weré inoculated with 0.10 cubic centimeter
of hog cholera culture. The checks died within seven days. The
post-mortem appearances were practically the same as those noted in
the first series. The two guinea pigs which had been treghed with
the sucholoalbumin died fen days after the checks. This m#iieates
considerable resistance to the disease. Several other experiments
were made by treating guinea pigs with the albumin in varying
quantities, all showing resistance, and subsequently immunity.

FEaxperiment I11.—Lhree guinea pigs were treated with sucholo-
albumin, 0.1 gram being given to each, subcutaneously in the
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thigh. The albumin for two of the animals was derived from cul-

tures containing blood serum, the albumose given to the third was

* from ordinary beef infusion peptone culture. Ugly ulcers formed

. at the point of inoculation, which-healed, however, in from ten to
fourteen days, and the animals, with the exception of a slight rise of
temperature, were well. '

Two checks were again selected-and the five animals were inocu-
lated with 0.10 cubic centimeter hog cholera virus. The checks died,
respectively, in ei%ht and ten days from hog cholera. The animals
which had received the preventive treatment were slightly ill for a
few days with swelling at the point of inoculation, which finally

- opened and then healed nicely, and within a week the guinea pigs

‘were well, o

~ Three weeks after the inoculation oneof these animals was chloro-
formed and examined post-morfem. Not the slightest scar could be
discovered, all the organs appeared perfectly normal, and no germs
were found., ‘ ‘
- Ezxperiment IV.—Four guinea pigs were treated, two withamixture
of sucholotoxins, two with sucholotoxin and albumin. Theinjections
were made as before, subcutaneously in the thighs, and at intervals
extending over a period of four weeks. The sore caused by each in-
jection was allowed to heal before the next one was made. “Afterthe
animals had recovered from the last treatment two checks were
selected, and the six were each inoculated with one tenth cubic centi-
meter hog cholera virus: The checks died, one in eight and the other
in ten days, the post-mortem examination showing characteristic hog
cholera lesions. The animals having the preventive treatment
were ill about four days, those that received only the sucholotoxins
being more dull than the others. There was also slight swelling at
the point of inoculation with the germ, which subsided in ten days,
after which the animals were perfectly well, and have remained so - -
four months, o

Experiment V.—Six guinea pigs were inoculated for this experi-
ment, two with solution of the sucholotoxin and four with a solution
of themixed sucholotoxins. Thesucholotoxin solution produced only
slight local lesions, while the mixed toxins ¢aused ulceration at the
Eoint of injection which did not heal for two weeks. The animals

aving by this time recovered, the test experiment with hog cholera
virus was tried. Four of the animals mentioned above were taken—
two from each set—and also two checks, and the six were inoculated.
The checks died in eight and nine days, the autopsies showing the
- characteristic conditions of death from hog cholera. Those thathad
the preventive treatment were ill and dull for from four to six
days after the inoculation. At the point of inoculation there was
also some swelling and infiltration, very slight, however, compared
with the similar swelling on the checks. In'the treated animals the
swelling sloughed and healed, and within ten days after the inocu-
lation they were perfectly well. To test the resistance of the animals.
that had been treated by this methéd to ordinary exposure the fol-
lowing experiments were conducted.

Erperiment VI—Two guinea pigs that had received the prevent- -
ive treatment, two blanks—q. e., animals that had received no treat-
ment—and two check animals that were inoculated with hog cholera -
virus were_placed in one large cage. The checks became ill and
died in eight or nine days from hog cholera. . During this time the -
- cage was cleaned only three times, so as to give tull and free oppor-
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tunity for contagion. One week after the checks had died one of
the blanks became ill, and died within ten days. The autopsy
showed hog cholera lesions. The second blank became ill a few
days after the first blank succumbed, and died within thirty days.
The animals which had the preventive treatment are now and have
been quite well, though continually exposed for five weeks to every
opportunity for contagion.

These experiments have answered conclusively the first five prop-
ositions named in the beginning of this report, and brings us to
the sixth. Can these substances be replaced by one of allied com-
position and character that we already know and can prepare syn-
thetically in the laboratory ? The experiments also give an affirm-
ative answer to this problem. If the ptomaines when introduced
into the system produce certain changes, or induce certain powers
of resistance on the part of the animal to subsequent doses of the
goison, then it is possible that not only this one particular alkaloid

ut several, belonging to the same class and of approximately the
same chemical composition, should produce similar effects when in-
troduced into the system, as the true ptomaine extracted from the
culture liguids, ang subsequently immunity should result, when the
animal should be exposed to the virus of hog cholera.- I thought of
a substance which could be prepared without difficulty, and which
I will refer to as pure chemical. Some of it was prepared and' the
solution used for injection. The injections and treatment were con-
ducted in the same manner as already recorded for the other guinea -
pigs, three animals being used for this experiment. '

Lxperiment VII.—There was a slight rise in temperature of the
animals and swelling and soreness at the point of injection. After
thishad healed these animals and two checks were inoculated with one
tenth cubic centimeter of hog cholera culture. The checks died in
eight and nine days. Theanimals which had been previously treated
became ill, two dying five and six days after the cEecks. The third
entirely recovereg.

Hzxperiment VIII.—One guinea pig was treated with a solution of
the chemical in the same way as the previous experiment, except
that a somewhat larger dose was given. . Two pigs were again taken
for checks, and the three inoculated with 0.1 cubic centimeter hog
cholera culture. The checks died in six and seven days, respectively,
of hog cholera; the treated animal recovered entirely. In the
treated animal there was a slight swelling at point of inoculation
with the germ, but this gradual decreasedg, finally opened, sloughed,
and healed within a few days after the death of the checks. ‘

Ezxperiment IX. —Four guinea pigs were treated with a solution
of the chemical substance. This modification of the injections was
adopted, 7. e., very small quantities were used at a time and the
dose repeated every day. The local irritation was in this way much
diminished and what soreness was produced healed more rapidly.
Two checks were taken and the six animals inoculated with 0.1 cubic
centimeter of hog cholera culture. -The checks died of hog cholera in
eight days, one vaccinated pig in thirteen days, the others recovered.

Experiments were also made in producing immunity with the pto-
maines obtained from the potato, pea, and simple beef broth cultures,
which resulted suﬂcessfulﬁr. ‘ T

Two of the guinea pigs which had recovered from experiment IV,
and two that had recovered from experiment V, were now reinocu-
lated with double the dose of hog cholera virus used in the first test.
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Checks were taken and given one half dose.in quantity of the virus.
These died in eight and ninedays. The other pigs were a little stupid
forﬁm day or so, but at no time ill, and have since remained perfectly
WELL. ’ S~

Onepig from experiment V, and one from experiment ITI, were
chloroformed four or five weeks after their recovery, and an autopsy
made. Allthe organs appeared perfectly normal, not even ascar be-
ing left at the point of injection, and the immunity produced was
therefore perfect. v ‘ :

Our experiments had now proved that the chemical principles pro-
duced by the germ could be isolated ; that their injection into guinea
pigsrendered the animals secure against an attack of hog cholera, and
that we have at hand a compound fairly easily obtained which will
give the same results in securing immunity. . .

«

EXPERIMENTS UPON HOGS. -

The next question was: Will these same materials preduce immu-
_ nity in hogs, and can the production of iinmunity by this method be:
made practical ? The experiments were carried on at the Animal
Experiment Station of the Bureau. - The injections were made by
Dr. Kilborne, who recorded the notes upon the condition of the ani-
mals. Necessarily the hogs were not as easy to handle as the guinea
pigs, and the first experiment, which is the only one complete at this
time, is not conclusive ; but considering the time which must elapse
before a question of this sort can be positively decided we regard the
ultimate practical solution of the problem only as a question of detail,
which a few more experiments will enable us to decide.

In order to test the value of this ptomaine, which had proved so
satisfactory for guinea pigs, and also of the synthetically prepared
ghemiézal compound upon hogs, the following experiment was con-

ucted: :

Nine pigs, black Essex grade, aged three months, were selected, four of them be-
ing placed in one pen and five in another. : .

-Pig No. 374, aged three months, weight 60 pounds, treated on July 26 with solu-
‘tion of the ptomaine,; 18 cubic centimeters of solution were used, the injection
‘being made subcutaneously at three points. On July 30 there was a large swelling
at seat of injection. By August8 this had sufficiently healed to permit of inject-
ing more of the solution of the ptomaine. The dose was repeated on August 16.
August 20 there was swelling (lumps the size of a hen’s egg), at the Eoints of injec-
tion. These sores had healed by sloughing, and on September 9 the animal was
inoculated in the femoral vein with 2 cubic centimeters of beef infusion peptone
hog cholera culture, one day old. . : .

Pig No. 875, aged three months (weight 60 pounds), was treated in the same way
as pig No. 871, with solution of the ptomaines, and showed the same soreness and ,
symptoms. On September 9 inoculated with 2 cubic centimeters of hog cholera
beef infusion peptone culture one day old. -

Pig No. 876, aged three months (weight 50 pounds), treated with ptomaines as
other two and inoculated September 9 with 2 cubic centimeters beef infusion pep-
tone hog cholera culture.

Pig No. 377, aged three months (weight 50 pounds), treated on same dates as the
above with a solution of the synthetical compound and inoculated September 9
with 2 cubic centimeters beef infusion peptone hog cholera cuiture one day old.

. Pig No. 378, aged .three months (weight 45 pounds), treated in same way as pig
No. 377, and inoculated September 9 with 2 cubic contimeters beef infusion peptone
hog cholera culture.

Pig No. 379, aged three months (weight 60 pounds;; )

Pig No. 880, aged three months (weight 69 pounds);

Pig No. 381, aged three months(weight 50 pounds); .

Pig No. 382, aged three months (weight 50 pounds), were all inoculated in the
vein on September 9 with 2 cubic centimeters beef infusion peptone hog cholera
culture one day old. These served as checks to Nos. 874 to 878, inclusive. :



BUREAU OF ANIMAL INDUSTRY. , 129

The results of this experiment were that of four checks three died,
two in four and five days after the inoculation with the germ, the .
third in seventeen days, and the fourth check recovered. ;

Of the three pigs treated with the ptomaine one recovered, two
died in five and six days after the inoculation.

Of the two pigs treated with the synthetical compound one died
in thirty-nine days after the inoculation and fourteen days after the
last check ;the other onerecovered entirely. Though this experiment
is not conclusive, it certainly indicates that the pigs which had been
treated offered considerable resistance to the disease, and that the
synthetical compound is more effective than the ptomaine obtained
from the culture liquids. ‘

Had a somewhat larger quantity of the ptomaines been used for
treatment, and the injections been made in smaller quantities, ex-
tending over alonger period of time, it is probable that all the treated
animals would have recovered. At any rate we are sufficiently en-
couraged to continue the experiments. I may take occasion here to
mention the valuable assistance rendered me by Dr. V. A. Moore in
connection with the bacteriological work, autopsies, etc., and by Dr.
Theobald Smith in allowing the use of the facilities of the bacteriol-
ogical laborator]% in his charge, and also the uniform kindly en-
couragement of Dr. Salmon, Chief of the Bureau. :

SWINE PLAGUE.

‘While awaiting the results of further experiments upon hog cholera
it was thought well to begin a study of the swine plague cultures, with
the object of obtaining from them albuminoid and alkaloid poisons.
The swine plague germ grows but slightly in the ordinary beef in-
fusion culture. Dr. Moore, however, found that if instead of mak-
ing a simple beef infusion a beef broth was prepared by boiling the
‘meat the growth of the swine plague germ in this liquid was much
more abundant. Alkaline megia of this description were therefore
used, 1,000 cubic centimeters in Erlenmeyer flasks being inoculated
and kept in the incubator for two days at a temperature of 37° C. The
growth of the germ was by this time very perceptible. The contents
of the flagks proved to be uncontaminated. 'When opened a disagree-
able, pun%ent odor was noticed. :

After filtration about eight times its volume of absolute alcohol
was added to the solution, and a considerable amount of a white floc-
culent precipitate was obtained. This, after settling, was filtered off,
redissolved with water and again precipitated with absolute alcohol.
The precipitate was thoroug%ﬂy washed with absolute alcohol and
dried over sulphuric acid in vacuo. A white translucent mass was
thus obtained, with difficulty soluble in water and having properties -
. of an albuminoid or proteid body. The filtrate from the albumose
was neutralized with hydrocholoric acid eva}ilorated to dryness, and
the residue extracted with absolute alcohol. ‘This alcohol extract gave
alkaloidal reactions with mercuric chloride, phosphomolybdic acid,
glatinum chloride, etc., showing the presence of a %tomaine. The .

ouble platinum salt of this body I have prepared, but have not at_
this writing been able to make a satisfactory analysis of it. I have
demonstrated, however, the existence in the culture liquids of the
swine plague germ of a ptomaine and albumose. The name supla-
gatoxin may be given to the ptomaine (from the Greek e, a ho%,
zdypy, plague, and rofudy, poison), and suplagoalbumin to the al--
AG 90—9 ’

e



180 REPORT OF THE SECRETARY OF AGRIOCULTURE.

bumose. This would be distinctive from the hag cholera ptomaines,
‘While purifying a larger quantity of these substances in order to
make a closer study of them chemically, I thought it advisable to
use the material at hand for making some experiments in the pro- ‘
duction of immunity in guinea pigs from swine plafue by prevent-
ive treatment. Previous to this ]%r. Moore had made a number of
inoculations of guinea pigs with swine plague, which showed that
one one-thousandth of a cubic centimeter of beef infusion peptone
culture of swine plague one day old, was sufficient tokill a guinea pig
in from twenty-four to forty-eight hours. Further, in order, to see -
if the treatment which proved satisfactory for producing immunity
against hog cholera might have any effect in retarding the disease
of swine plague, two guinea pigs that had been submitted to the
%)reventive treatment for hog cholera, but never exposed by inocula~
ion, were inoculated with one one-thousandth of a cubic centimeter
of beef infusion swine plague culture one day old. Both animals
gsucoumbed in forty-eigﬁt hours to the disease of swine plague. Two
guinea pigs that had been subjected to the preventive freatment,
then inoculated with hog cholera and recovered and were perfectly
well, were inoculated with one one-thousandth of a cubic centimeter
each of beef infusion peptone swine plague culture one day old.
Both died, aswas expecteg, in forty-eig%t ours. These experiments
serve further to demonstrate, if proof is necessary, that the diseases
of hog cholera and swine plague are distinct, and that an animal that
has had the hog cholera and recovered is still susceptible as ever to
“the swine plague. : :
- Hzperiment XII.—Two guinea pigs were selected, and on three
successive days .0030 gram of swine plague albumose was injected
subcutaneously in the thigh. About .0010 gram of substance was
~given at each injection. There was a slight swelling at the point
of injection, which disappeared in four or five days and the animal
appeared well. Two checks were now taken and the four in-
oculated with ome one-thousandth of a cubic centimeter swine. .
plague culture. : The checks.died, one in forty-eight hours and the
other in thirty-six hours. The treated pigs appeared a little stupid
for a day or two and then recovered en‘grely. . ‘
Hrperiment XIIT.—Two guinea pigs were treated with & solution
- of the ptomaine extracted from the culture liquids. - The injections
were made subcutaneously in the inner side of thigh, the quantity
of ptomaine used corresponding to about 15 cubic centimeters of the ',
culture medium. There was a slight swelling and soreness at the
point of injection, but otherwise the pigs appeared well. These,
together with two checks, were inoculated with one one-thousandth of
a cubic centimeter of swine plague culture. The checksdied of swine
plague. ' One of the treated animals died in thirty-six hours. ‘The
autopsy, however, showed but few marked characteristics of dwine -
lague. = At the point of inoculation there was a sli%ht infiltration.
lood vessels in heart much injected; liver slightly reddened.
Bladder distended with urine. Otherwise the organs were normal.
Cover%l&ss from spleen and liver showed no swine plague germs,
but cultures from the liver showed that the swine plague germ was |
present. - The other treated pig died five days after the checks, or
eight days after the inoculation. , v
he ptomaine, therefore, produced resistante and a large dose
would probably give immunity.
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These few experiments, following the more extended ones upon
hog cholera, prove conclusively that both these diseases can be pre-
vented in guinea pigs by chemical inocculation. The experiments
upon swine plague will be extended and a'careful study made of the

tomaine and albumose produced by this germ, and their effect upon
ogs. ’

Hankin holds that albumose is the one and principal factor in the
groduction of immunity, and that the reason more results have not

een secured in this direction is because the proper material has
never been used.” We think, however, that the albumose is only
an intermediate product of the germs and the final and most fatal
effect of the disgase results from the ptomaines. At any rate the
experiments upon hog cholera lead to the conclusion that while a
mixture of the albumose and ptomaine seems to produce greater
immunity than either substance alone, nevertheless when used
separately they are of about equal value. :

MISCELLANEOUS.

In addition to the study in connection with the disease just re-
corded the writer has given some little attention to the presence of
tyrotoxicon in milk. ' In May a sample of milk from Maryland came,
into his hands which was supposed to have caused the sickness of a
number of children. The symptoms as given indicated a possible
tﬁrotoxicon poisoning. The milk was examined for the poison, but,
the latter could not be detected. Some months after this some
cheese, which had produced sickness in this city, and two lots which
had caused illness in Ohio, were received. In all three cases the
questionable tyrotoxicon was blamed for the sickness. I could not,, -
however, establish the presence of tyrotoxicon in any instance by
the methods prescribed gy Vaughan. This led me to repeat one of
Vaughan’s experiments, which should have given me considerablé
(llllantities of tyrotoxicon. Half a gallon of fresh normal milk was
placed in a loosely stopfpered glass jar and allowed to stand at the tem-
perature of the room for three months during the summer. At the

.end of this time it was examined for tyrotoxicon, but the test failed to!
establish its presence. From this milk as well as from the samples
of cheese Dr. Moore isolated several different germs, but other more
img)ortant work has prevented a closer study of these and their prod-
ucts.

Our own experiments, supported by the negative results of a
number of other chemists, force us to conclude that the toxic prins
ciples of poisonous cheese and milk have not been yet sufficiently
studied, and that there is here a very important field for further
investigations. '

A number of other unimportant examinations and analyges have
been made, but the facts established in regard to hog cholera and
swine plague are the important results of our six months’ work,
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Tabulated experiments in producing immunity from hog cholera in guinea pigs.

No. of
Hog . days be-
No. of Matertal d 1 cholera No. of No. of mel}; in-| .
. a used for virus . 0. O ation
t;;gg?’ treatment. used for agf;{r}l;ls checks. | with | Eesultin treated animal.
3 each - virus and|
animal, death of .
checks.
Ce. .
L..... Sucholotoxin)......... 0.10 2 2| 8and 9 | One died i&l 11 days; one
: recovere
..., Sucholoathumin...... 0.10 2 2 7 Tlg in 17 days; great ro-
I...... F Lo 0.10 3 2| 8and 10 Reoovered immunity.
Iv...... 1. Sucholotoxins .. ... 0.10 | PP P
2. Sucholoboxm and 0.10 2 2 !8and 10
bumin,
V... Sucholoboxm ...... 0.10 |3 P S
2 Sucholotoxins ..... 0.10 2 2| 8and9 Do. .
VL..... Sucholotoxins........ 0.10 2 2
) and 2 | 8and9 { Blanks died in 18 and 80
blanks. da.ys, others notaffected;
VIL..... Pure chemical........ 0.10 8 2] 8and 8 | Two dxed in 18 and 14 days;
third recovered; im-
C munity.
VHI..... R L S 0.10 2 2| 6and? Reoovered immunity.
IX,.lodeeddociiiiiiiiiiinaa 0.10 4 2 One died in 13 days; others
recovered; nnmumty
EXPERIMENTS UPON HOGS (ESSEX GRADE).
. Sucholotoxins........ 2 | 3 P 4 and 5 | Two died in 5days. -
XI..... Pure chemical........ 2 2 4 1 and 17| One in 36 days; two recov-
days ; ered; resistance.
one re-
covered.

EXPERIMENTS IN PRODUCING IMMUNITY FROM SWINE PLAGUE IN GUINEA PIGS.

. Supla.goa.lbumm

Suplaga.boxin

Ty
s

Reoovered tmmounit;
One in 8 da.ys, the other in
8 days.
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‘WasHINGTON, D. C., December 22, 1890.

Stk : I have the honor to submit herewith a brief report of the
work of my Division during the past year. .
I am, respectfully,
H W, WiLey,
Chemist,
Hon, J. M. RuUsk,
Secretary.

STUDIES ON THE SEPARATION OF SUGAR FROM SORGHUM
JUICES.

For many years attempts have been made by the division to secure
a more perfect separation of the sugar from the non-sugars in sor-

hum juices. Extensive practical experiments were made in this
girection at Fort Scott in 1886, in the practical application of the
process of carbonatation.

This process consists in the addition to the mill or diffusion juices
of large guantities of lime, from 1.5 per cent to 8 per cent of the
weight of the juice, according to the amount of impurities present.
The lime is then precipitated by blowing through the liquid a current
of carbonic acid derived from a limekiln or coke furnace, or even
from the chimneys of the boiler furnaces. The result of this process
was entirely successful in respect of the yield of sugar, buf on ac-
count of the blackening of tﬁe molasses, which was at that time a
valuable by-product, it met with no favor from sorghum sugar
manufacturers, but on the contrary was condemned by them as being
unsuitable for the purpose. '

Subsequently ext%nswe laboratory experiments were made looking
to the precipitation of the crystallizable sugar in the juices as
+ sucrates of lime. The process employed in the Steffen method of

separating sugar from beet-root molasses was the one tried for this
furpose. ile these experiments were successful in Separating
he crystallizable sugars in the form of a precipitate, they were not -
wholly so in securing a separation from the non-sugars, the greater
gart of which were also thrown down as lime compounds or carried
own mechanically with the precipitated sugar. This process was,
therefore, abandoned as not being practical. , '
The destruction of the reducing sugars or glucoses present by boil-
ing with excess of quicklime was next trieﬁ. This process was en-
- tirely successful in so far as destroying the glucoses was concerned,

18
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but it had no effect whatever upon the other carbohydrates, of an
amorphous nature, present in the juicés. Inasmuch as the glucoses
exert the least unfavorable influence of the non-sugars present in the
.juices the process was at once seen to be inapplicable from a prac-
tical point of view. The experience of the Department, and of man-
ufacturers of sugar, has shown that the reducing sugars known gen-
erally under the term of glucoses, exercise a much less influence in
- preventing the crystallization of the sugars than was formerly sup-

posed. In fact, it is sugposed that could all other disturbing influ-

ences be removed, the glucose might bé unobjectionable in securing
an almost complete crystallization of the sucrose present in the juices.
It would furnish a mother liquor in which the crystallizable sugar
would be highly insoluble and from which it would easily separate.
Having abandoned, therefore, the methods of separation above noted,
there remained to be studied some process which would separate
as nearly as possible the gummy amorphous bodies from the juices
without prec1pitatinithe sugar. The property of alcohol to produce
precipitation in sorghum juice was made use of in the further study
of this problem. On account, however, of the large amount of
alcohol, which would be required to treat the juices in their natural
state, or as they come from the diffusion battery, it was decided to
apply the process at a later period of manufacture.

order to carry out this idea the juices of sorghum were treated:

precisely in the manner in which they are ordinarily in a sugar fac-

tory. e natural acidity of the juices was carefully neutralized

with lime and the temperature raised to the boiling point. The scums

which were formed were carefully removed and the juice boiled in

an open dish, until all greenish scums and coagulated matters were
se%arated.

- The inversion of sugar which takes place during the boiling,
which lasts only a few minutes, was not noteworthy. The juices
were next concentrated in vacuo until they reached a density of 45°
to 50° Brix. After cooling, the sirup thus formed was mixed with an
equal volume of 95 per cent alcohol, which was sufficientto produce
a complete precipitation of the gummy amorphous matters. These
matters were separated by passing through a filter press, forming a
hard, firm cake, easily separated from the filter cloth. The filtered

_sirup was limpid and of an exceptionally pleasant flavor. Kyvapo-
rating in vacuo after removal of the alcohol, it readily crystallized
during evaporation, forming a massecuite of good grain and abso-
lutely free from gum and capable of being treated most easily in a
centrifugal. ,

From very poor sorghum juices from immature cane, having a
purity of only 60, a most excellent article of massecuite and sugar
was made by the above process. ‘

In regard to the quantity of matters separated by alcohol, some

determinations were made with the following results:
- Percentage of gum secured by alcohol—

Experiment 1..........cciiiiereiincanns [ .. 2.08
Experiment ....... i cciiiiiirrarriiicoines o eees. 1.88
B A 1,88

-

The juices from which these separations were made contained

about 16 per cent of solid matters; thus the Eercentage of matters
i%clélred,by alcohol on the whole amount of solid matters present was
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It is seen from the above data that from each 100 pounds of sor-
ghum juice about 2 pounds ot gum can be separated. :

The difficulties which have been encountered in manufacturing
sugar from sorghum juices have been chiefly due to the presence of
these gums.” Their removal, therefore, if it can be accomplished on
a manufacturing basis, would at once place sorghum in a high rank
as a sugar-producing plant.

The alcohol which is used in precipitation can be almost wholly
recovered by subsequent distillation. Our experiments show that
the total loss need not exceed 5 or, at most 10 per cent, of the quan-
tity of alcohol used. One of the most encouraging and at the same
time least expected results of the work has been the demonstration
of the fact that the gum separated in the manner above deseribed is
completely fermentable, yielding almost one half. its weight in alco-
hol. It tﬁus appears that from the gums themselves a sufficient
amount of alcoho{)may yossibly be derived to supply the whole waste
of aleohol which WOUIE take place in the process.of manufacture.
Any additional quantities of alcohol which might be needed could
be easily obtained from the molasses after the extraction of all the
crystallizable sugar. In other words, the process which has been
demonstrated as thoroughly practical in the laboratory, so far as can
be foreseen for the operation of an actual trial on a manufacturing
scale, is capable of being conducted with economy, and a proper
stock of alcohol once being provided the wastage therein in the
process of manufacture coul(f be wholly, or in great part at least,
supplied by the refuse matter which otherwise would be a manufac-
turing waste. : ‘

Experiments were also made to determine the quantity of alcohol
necessary to precipitate the total gum matters and also the strength
of the alcohol required with the following results:

SORGHUM SIRUP, OF 44° BRIX AT 60° F.

On adding 15 cubic centimeters of 80 per cent élcohol, to.25 cubic
centimeters of juice, the main part of the amorphous matters was
precipitated. ‘

Sepies of experiments.

[Comparison showing quantities of aleohol of 70, 80, and 90 per cent and of methylalcohol (crude)
necessary to'precipitate 25 cubic centimeters of sirup, of 44° Brix at 60° F.}

70 80 90 Methyl:
per cent. | per cent. | per cent.| aleohol,

) ce ce ce. ce
Chief, precipitation of amorphous bodies. ............ .... 20 15 10 12
Total precipitation of those bodies ......c....vee.vevenernnsns 35 25 20 20

The portion of the amorphous bodies which is soluble in water
becomes, in part, redissolved before filtration when precipitated with
70, and rather less so with 80 per cent alcohol.

The separation of the amorphous bodies can be attained on the
manufacturing scale with 80 per cent alcohol by the application of
1 volume of alcohol to 1 volume of sirup of 44° Brix.

In order to illustrate the practical application of the method on a
manufacturing scale in the manufacture of sorghum sugar the fol-
lowing theoretical data are given:
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‘A normal sorghum juice may contain at 18° Brix 12 per cent of

gugar; a normal sorghum sirup may contain at 44° Brix 29.83 per

cent of sugar, which is equal to 29,330 pounds of sugar in 10,000
- gallons of sirup. Of this, 29,380 pounds (from 7,280 to 13,000
pounds), or about an average of 10,000, has been obtained by the
methods of manufacture in use. \

By the use of alcohol for the removal of the amorphous bodies
which prevent the crystallization of the sugar, the minimum per
cent of sugar, which, after this process would be obtained, may be
put at 80 per cent (87 per cent is usually computed from pure juices),
or 23,464 pounds, :

10,000 POURAS, 85 4 COIES. . . . v avvenrnseeesenasennesensnsssesensnssssessszns $400
23,464 pounds, at 4 CentB. ..o it iiiiiiiiriiii e seiai et tiaeeaanes $938
Cost of alcohol lost inthe Work. .. ...iviceiiiinirneiiietissssesnanens o5
Value of product, usual method.......coiiiieenaninnicinaieieninee., 400
Value of product, alcohol method......i.iesinvenensnisaioeniaassnes 854
Againof .. ... iieeeeiiiiianceiiatiiaitiiasesasaisassaiastsastsieossiaaanes 454

In this estimate the material from which the alcohol is made is
not regarded as of any value, since it otherwise would be wasted.
If the molasses be used as a source of alcohol, then the item for the
cost thereof must be increased. :

On account of the ease with which a heavy sirup can be preserved
it has also been thought possible that during the manufacturing sea-
son the whole apparatus of the factory could be directed to making
siruptlalone which could be preserved and worked into sugar subse-
quently. -

Tnasmuch as it is highly important, in working a sorghum crop,
to have it taken off in as short a time as possible, any scheme whic
will tend to simplify the operation during the harvesting season is
worthy of conmsideration.. . :

It is true that the storage of a whole crop of sirup would require
considerable room and the cost of tanks or cellars in which it is to
be held would be an item which could not be neglected. However,
it must not be for%otten that by the storage System the machinery
of the factory could be operated during a much longer period. For
instance, it is well known that the harvesting operations and the
manufacture of sugar must be chiefly conducted during the months
of September and October. The manufacture of sirup into sugar,
however, could be continued through the winter months, or if they

“were found too cold, the work could be safely left until the begin-
nin%l of spring, when the factory could be again set in operation.

The whole of the apparatus for manufacturing the alcohol and
for treating the sirup therewith could, therefore, be built on a
much smaller scale than if it were necessary to treat the sirup as
soon as it was manufactured during the months of September and
October. With the sirup already made and stored in cisterns a very
small force would be sufficient to convert the whole of it into sugar
and at a very small expense. It would thus be possible for one
factory to take care of a much larger crop of cane than it could
possibly do were the whole of the manufacturing operations to be
conducted at once. . :

The sirup as made and as it passes into cisterns could be subjected

_ to the influence of sulphurous acid or some other anti-ferment which
would be sufficient to preserve it perfectly from fermentation, even
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if there were danger of such a decomposition withoutany antiseptic
treatment. \

The storage capacity of a factory which would work 20,000 tons
of sorghum cane will be seen from a perusal of the following data :
Assuming of 20,000 tons of chips and 10 per cent marc we have,
11,782,030 pounds sirup at 55° Brix=volume of 149,988 cubic feet,
requiring a cistern 20 by 86.5 by 86.5 feet. At 75° Brix=8,640,380
:gound;;:grolume of 100,213 cubic feet, requiring a cistern 20 by 75

y 75 feet.

In the event of boiling from 55° to 75° Brix, the water evaporated
will be, on 20,000 tons of cane chips, 3,141,650 pounds, or 377,150 gal-.
lons. Basing calculations on Yaryan’s figures, the coal consump-
tion (at 8% pounds water per pound coal) in again evaporating from
55° to 75° Brix will be 369,600 pounds, using %ive steam altogether,
as would be necessary in the contemplated division of the season.
Hence the loss of coal occasioned by boiling to 75° Brix as a means of
preserving and subsequent dilution would be 133,261 <+ 369,600 =
502,861+-2,240=225 tons, plus incidental losses, radiation, time, etc.

Placing the value of coal at $4 per ton, which is rather a high
average, it is seen that the total additional expense, so far as fuel is
concerned, involved in manufacturing the sugar after the harvesting
of the crop, would be only about $900 a year, a very insignificant item
when compared with the value of the time gained.

In order that this method of production of sugar may become pos-
sible, it will be necessary for the revenue laws to be changed so asto
allow the preparation of the alcohol used in the process to be carried
on without tax. This could be easily done without any danger of
defraudin%1 the revenue. The alcohol could be made under bond,
given by the sugar manufacturer, that it should be used only for the
purpose of separating the gummy matters from the sorghum juice, -
and should in no case enter commerce for any purpose whatever.
In making this alcohol the manufacturer should be allowed to
erect such apparatus as may be necessary, and this apparatus could
be under the }éirect inspection of revenue officers in order that they
‘might be able to see that the conditions.of the bond were faithfully
carried out. ' ‘

It is earnestly recommended that the revenue laws be so amended
as to allow a trial of this process by the sorghum-sugar makers of
the country. If this can not be done without a further illustration,
the law, at least, should be so adjusted as to permit the Department
to make an experiment on a small scale with this method in connec-
tion with the work which it is now doing in the experimental station
for the improvement of sorghum cane and the manufacture of sugar
therefrom. ' .

It is important also that the Department be empowered, by a spe-
cial grant, to carry out these experiments in a practical way. From
the best estimates which are now at my disposal I should say that a
grant of $25,000 would be entirely sufficient to subject this process to
an experimental trial. The magnitude of the interest involved isso
great that it is hoped that no objection will be made to this experi-
ment. »

Not only is the increase in the output of sugar from sorghum caneto
be taken into consideration, but also the improvement in the quality
of the product. The sugar will be of a finer grade and much more
eagily separated from the molasses. The molasses instead of being, as
it is now, a waste product scarcely marketable, and in many cases only
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fit for cattle food, will be suitable for table use and especially for mix-
ing, in case compound sirups are desired. The flavor of both the
sugar and the molasses produced is of the finest quality and of such a

“nature as to render it difficult to believe that it could have been made
from sorghum, which, under ordinary circumstances, affords a mo-
lasses which is totally unpalatable..

This process having been outlined above in such a way as to in-
dicate its true character, it is hoped it may be given to the sugar
manufacturers of the country without interference from any patents
which may be attempted to secure its provisions for private benefit,
As our patent laws now stand any process which has not been, in
use for two years may be covered by letters patent, but in this case
it must be distinctly proved that the inventor is, as he claims in his
application, the true discoverer of the process. This pracess having
been discovered and operated by the Chemical Division of this. De-
partment, is unpatentable, except by the Department, for the com--
mon use of the people.

THE COMPOSITION OF THE BODIES PRECIPITATED BY ALCOHOL
FROM SORGHUM SIRUPS.

The existence of starch and allied bodies in sorghum juices has
long been a matter of demonstration. It was deemed desirable,
however, in connection with the practical work of separating from
sorghum juices the mucilaginousand dismorphous bo ie;s;ipresent to
inquire more particularly into their nature. "Ashas already been in-
dicated, the chief melassigenic or molasses-forming properties of the
non-sugars present in sorg%lum juices must be attributed to the gums,
mucilaginous bodies, and difficultly crystallizable carbohydrates
present therein. The percentage of alkalinesalts in theash of the sor-
ghum is so small compared with that of the ashin beets as to reduce the
molasses-forming properties of the salts of theash tothe lowest pos-
sible degree. Quantifative‘ determination of the amount of bodies
precipitated by alcohol from the normal expressed juice of sorghum
cane shows that about 2 per cent of the total weight of the juice of
the cane belong to this clasg of bodies. The precipitation was made
in juices in which a portion of the albuminous matter, together with .
the chloro hill present, had been removed by coagulation with heat
~ and careful skimming. This quantity of precipitate may therefore
be regarded as that which would be retained in the sorghum juices
during the process of manufacture, and finally appear in the masse-
cuites and molasses. \

An account of the details of the work which has been done on these
bodies would be of interest only to professional chemists and it is
therefore omitted. It was found that they were composed chiefly of
mucilages and gums, together with certain nitrogenous bodies and
difficultly crystallizable carbohydrates, related to the starch series,
and including some starch.

A full description of this work will be found in Bulletin No. 29.
, %‘dhe Wollik outlined above was done in co-operation with Mr. Walter

axwell.

CHEMICAL CONTROL OF SORGHUM SUGAR FACTORIES.

The Department made no direct experiments during the season of
1890 in the manufacture of sorghum sugar.. The work done was
confined solely to chemical supervision of the processes of manufac-

1
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ture. To secure as wide an experience as possible in this direction
chemists were detailed from the Department for the factories at -
Fort Scott, Topeka, Conway Springs, Attica, and Medicine Lodge,
Kansas. A summary of the chemical work done, together with
such data as were accessible, will be found following: - :

\

ATTICA.

Work at this station was started on the 19th of September and
and continued, at intervals, until October 25. On this latter date
one of the lower doors of the diffusion battery cell was broken and
it was not thouiht worth while to repair the battery for the remain-
ing portion of the crop. A very small quantity of cane remained
unworked. The many difficulties encountered in the working of
this house would render it unjust to make the results a test of the
possibilities of manufacture of sorghum sugar. "

The cane crop was'much shortened by a severe drought, which set
in about a month after the planting and continued unbroken for
sixty days. The yield of cane per acre was reduced from 12 to 15
tons of last year to 5 and even 3 tons per acre. -Chinch-bugs were
also quite numerous and did considerable damage. -Hot winds, the
most dreaded enemy of the farmer in that region, were prevalent
during the continuation of the drought. Not only was the crop short-
ened by the continued dry weather, but also the supply of water for
the factory was inadequate, the small stréam upon which dependence
was fplaced having been completely dried up. Under these conditions
the factory was not operatedp continuousl ,Pbut only during the da{.

The necessity of better cultivation o¥ the. cane fields was fully
manifested in a number of instances. The fields which received
poor cultivation were almost devoid of crops, while those which
received the best cultivation yielded a fair crop in spite of the hot
and dry weather. It was not until October 12 that there were suf-
ficient rains to insure an ample supply of water for operating the
factory, but at that time it was nof possible to get enough cane to
operate the factory. o ,

The seed which ilad been received from the Department of Agri-
culture produced, in all cases, the best cane grown in the locality,
averaging 4 and 5 tons per acre above all other varieties. The loss
of a large quantity of sugar in the battery was owing to the heaters
~ which leaked very badly. Another serious loss occurred between the
clarifiers and double effects. This was due to the inability of the
~ double effects to evaporate the juice extracted so that some of the
thin juice was left sometimes as long as 12 hours before being con-
centrated and, of course, fermentation took place.

Special attention was given to studying the characteristics of the
cane showing that certain physical properties are associated with
high percentages of sugar. %y studying these properties carefully,
it is possible for every farmer to go into his field and be able to de-
termine certainly whether his cane is ripeornot. The most striking
of these properties is found in the last Joint of the cane bearing the
seed head. Bystri;gping the cane of its covering a yellow coloration
will be observed extending more or less along the len%th of the joint
as the cane nears maturity. By the extent of this coloration one is
able to select the very best or the very poorest canes in the field almost
as accurately as though tested by a polariscope. It is found thatthe
cane which has the highest sucrose, lowest glucose and highest purity

N
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has this coloration extending one-half thelength of the joint. Should
it be found to extend the full length, it shows that the cane has
already commenced to deteriorate. On the other hand should no
- coloration be visible, it shows that the cane is not yet mature- These
observations have extended over one season of rather remarkable
characteristics and hence they may not prove equally applicable to a
crop grown in a season with the ordinary amount of rainfall.

The analyses of the sorghum at Attica were commenced on the
9th of September and continued until the 24th of October. During
this period one hundred and fifteen average samples, as taken from
the field, were analyzed with the following mean results :

In the juice.

Percent SUCTOSE ... .ouvueeeuaeinnaeiaainnass PP 14.26
Per cent reducing sugars or glucose ........ ..ol 1.58
Purity coefficient . .....cooviiiiiiiiiaeiiiiatiiiiaans 71.91
Maximum per cent SUCTOSe ..........ccevceceeaaeeans 17.95
Minimum per cent SUCTOS€ ........ «.viveieeeeaaaaaet  0.80
Maximum per cent reduc¢ing sugars or glucose ....\... 8.43
Minimum per cent reducing sugars or glucose ........ .55
Maximum purity of juice............c.ccoiiiiaaiia. 90.80
Minimum purity of JuiCe.......c..cciviemraaeeeaaaans 85.83

Between the dates of October 6 and 9 the purities of the juices
were remarkably high, averaging about 85, and the percentages of
sucrose therein were almost 16, showing that at that season the cane
was in the best condition for manufacture.- The analyses, however,
for the whole season show a cane well suited for the manufacture of
sugar, and which should yield, if all the sugar could be obtained,
except the quantity which would naturally stay in the molasses,
quite 200 pounds to the ton of clean cane.

Many of the farmers found the growing of cane profitable, while
in other cases quite a number faileg to make any profit or cultivated
the cane at a loss. The figures representing one farmer’s account
with the company will illustrate what may be secured in a poor
season in the growing of sorghum cane. )

Total weight of cane grown...........ccc...

Total weight of seed grown................ ...

Amount received for the cane
- Amount received for the seed........

Total receipts for the CroP. .. ..ceulveereaiiaaaaaees ’

" Against this sum the following expenses are to be charged:
Costof planting ... ... ciiiiiiiiiieaiiaanianias . $871.50
Costof cultivating. ......«.oieiviienascaaanns ..  050.00
Cost of harvesting and delivering to mill .. 175.00
Total cost, as charged. ........ciiiiieniiiiiiiaaans 262.50

Leaving a net profit of $180.42. The number of acres cultivated in
this crop was 30, and on the numbers given above the profit per acre
would be $4.35. It will be noticed in the above that no charge has
been made for therent of the land, which is, of course, a legitimate -
expense which must ceme out of the calculated profit per acre. The
vafue of the land upon which this cane was _grown is not known to
me, but, f'ud,ging from the average value of land in that locality, it
may safely be put at $20 to $25 per acre ; hencea deduction of $2 per
acre should be made for rent of land, leaving a profit per acre of only
$2.35 instead of $4.35.
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The analyses of the samples of chips taken from the shredders as
they pass to enter the battery, which samples give a fair estimate of
the quality of the chips entering the diffusers, show, as is usual in
all cases, a less saccharine strength than average samples of field
cane. The reason of this difference is twofold. In the first place
- the samples of the first chips must of necessity give a better repre-
sentation of the crop than any possible selection of single stalks or
number of stalks of cane can give. In the second glace, in spite of
the best clarifying apparatus, particles of the blades and sheaths
enter the shredder with the pieces of cane, and the juices of these
are expressed afterward antf mingle with the juices of the cane.
Forty samples of these chips were analyzed during the season with
the following mean results: : \

I the juice.

SUCIOBE. . vaereinnensesssssssssnsssnsssnnnnse per cent.. 12.56
GlUCOBE.. . v vveieas eenesssonssnnnssscens feseas do.... 1.99
U Y. ceie tiiiiiieeeriirieiiatisasiens creasisians 63.20

Thirty-two samples of the diffusion juices, representing the mean
composition of the juices during the season, were subjected to analy-
sis with the following mean results:

SUCTOSE. voveeee vsnrsnssesnnnecsnecaseannnns per cent.. 7.99
Glucose.....iceuss Gessesesssasasssasassasesaaant 1.20
| 577 41 P TSI 66.48

Thirty-two samples of the exhausted chips, representing the mean
composition of the whole mass of exhausteg chips during the season,
were analyzed, the analyses showing that they contained 0.60 per
cent of sucrose.

Twenty analyses of the filtered and clarified juices, representing
the mean composition of the clarified juices of the whole season,
showed the following average constitution: ‘

SUCIO8E. cevvverecrseccsnnssnsnssnssssscannsi per cent.. .8.11
GIUCOSE. . o ivviirnsnsnscssnssssssossssssssnnneni 0 1.01
321 14717, N g T 67.46

Seventeen analyses of the éirups before entering the strike pan,
representing the average composition of the whole sirup worked dur-
ing the season, gave the following mean results: :

SUCTOBB. e vvveneeessecsinsssssssssassssanns per cent.. 82.91
GlUCOBE. . s evveesessssenssssssssnssonssnansonans do 7.13
§ 2070 51 N PR Y 63.11

Eight analyses of the massecuites, representing the average com-
Positlon of the whole mass produced during the season, gave the fol-
owing mean results: ‘

. Sucrose.....eiviienennn N per cent.. 54.89
GlUCOSB. e e trerneersaesssseassnsssssnssnsansasss do.... 12.32
2115 1y R T R TR 62.35

Tive analyses of the second massecuites, boiled from the first mo-
lasses after the separation of the first mass of crystals, showed the
following mean composition:

SUCTOSB. v vavinnsessosannsssssnsensssassssans per cent.. 47.52
GlUCOBE .o v vuvrnescsnssssssscinnssonsonsssssnnis do.... 12.77
Purity..coovviiniiniininniien. erreseiiteanasanaraanes 55.65

The total amount of field cane purchased during the season was
1,305.8 tons. After cleaning, the total weight of cane which entered
the diffusion battery was 900.2 tons. : ;



142 REPORT OF THE SECRETARY OF AGRICULTURE.

The theoretical percentage of sugar in the clean cane, as calculated
from the juice of the chips, was 238.6 pounds. ,

The quantity of sugar obtained in a merchantable form can not
be accurately known until the official report of the State In-
spector is known. The quantity, however, in proportion to the total
amount present was extremely small and probably did not exceed 75
or 80 pounds per ton. . ‘ S .

The enormous losses, therefore, in manufacturing sorgum sugar
which have always been noticed in practice are illustrated in a

. ver emphatic manner by the results of the season’s work at Attica.

Such losses are due to the natural wastage during the process of
manufacture, and are, of course, raised to an unusual degree where
lack of skill exists in the manipulation of the factory. The chief
losses, however, as heretofore, have been due to the character of the
juice itself, gresenting in its constitution peculiar difficulties in the
separation of the crystallizable sugar present.. \

’OPERATIONS kOF THE TOPEKA FACTORY.

The Topeka Sugar Factory, which was destroyed by fire last year,
was rebuilt during the present season and operated for the manu-
facture of sugar. :

Difficulties of various kinds, but in no wise inherent to the pro-
cess of manufacture, caused delays in the operations of the factor
and rendered its work expensive. The supply of steam was not sut-
ficient for the full working extent of therest of the machinery, and
the multiple effect pans were provided with very low domes, which
rendered successful boiling difficult. Moreover, the fuel employed
was of particularly bad quality. The pumping arrangements were
found inadequate to provide an abundant supp%y of water. '

The crop of cane was somewhat later in maturing than usual, due
to the autumnal rains following a very dry summer. The crop
ripened in a very irregular way, thus causing to be-delivered to the
factory canes in' various stages of maturity. The amber cane
reached its maximum maturity about the midgle of September, and
the orange cane about the middle of October.

The battery work was extremely irregular, the percentages of dilution
ranging from 8 to 14, and the percentages of extraction of sugar from
80.to 95 per cent. The percentages of sucrosein the exhausted chips
varifrom 0.05 per cent to 2 per cent ; the number of diffusion cells
worked daily varied from twenty-three to one hundred and four, and
the loss of time daily by stoppages was from two to fourteen hours.
Under such irregular conditions of work, due generally to the causes
already mentioned, it is not strange that attempts at the successful
manufacture of sugar were fruitless. :

Cane contracted for by the company was......... acres.. 1,200
Cane delivered to the mill was : ...do... ~ 1,000
Cane delivered. ......oovvueeieenaness ...tons.. 6,412
Yield of cane per aCre........c cooeseenns ....do... 6.41
Total amount of sugar Made.......c.eeeeeeenes .. 278,687
Yield of sugar, per ton of field cane............:..do...  43.57

By the term ‘“field cane” is meant the cane with its blades and
tops. The average amount of clean chips afforded by such cane is 75
per cent. of the total weight. The amount of clean cane, therefore,
entering the battery under this estimate was 4,809 tons. The yield
of sugar, per ton of clean cane chips, was therefore nearly 58 pounds.
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The sampling of the chips entering the battery was made in the
usual way 8o as to secure a fair average of the cane worked. The
analyses of these samples were commenced on the 10th of September
and were continued until the close of the house on the 8th of No-
vember.

. Forty-seven samples of fresh chips were analyzed with the follow-
ing mean results: ’ "

In the juice.
Total 50LAS . .vvveeinenurierranieininiannsns per cent.. 15.97
Sucrose ......... e eeereeteerereneenn S w..do.... 10.15
GIUCOBE v vvvveirnsnstnosvnnivnnssssssinsecnnnes do.... 2.14
g w17 R 63.56

A mere glance at these figures will show that the cane was in a
very poor condition for sugar making purposes. This was due to
the causes already stated, namely, the autumnal rains which pre-
vented the cane from properly maturing, and the fact that the fields
were planted with mixed seeds so that some of the cane was mature
at a much earlier period, and doubtless the principal cause was
imperfect cultivation. The. poor character of the chips for sugar
making purposes is illustrated in a striking way by comparing the
analyses of them with the analyses of chips from cane in other parts
of the State. Considering the character of the material worked,
the yield per ton must be considered as quite satisfactory.

Twenty-seven analyses of the exhausted chips were made, showing
a mean percentage of sugar therein of 1.77. This result shows very
poor battery work. A mean percentage of sugar in the exhausted
chips of more than 0.5 per cent shows some grave defect in the
method of working. This defect is usually due to imperfect chips;
the shredders become dull, allowing large pieces of cane to go
through unshredded, the internal portions of which are protected
from the diffusion process. With chips properly prepared and the
temperature of the.battery properly regulated there is no difficulty
whatever in securing extraction which will leave 0.5 per cent or less
" of sugar in the bagasse. . ,

Fifty analyses of average samples of the diffusion juice were made
with the following mean results: :

percent.. 12.99

............... do.... 8.54
............... do 1.67
.............................................. 67.39

Forty-eight analyses of the clarified juices were made with the fol-
lowing mean results:

Total BOLds ovvvvveneviniiieniiineinennes per cent.. 13.23
SUCTOBE vt v veenierererneeennneneeeiossnnnnnn o 8.91
GIUCOBE . v ivevnnneernansennneeniosansanssnsns do 1.57
PUrI . e i e e e et e e 68.49

Twenty-five analyses of the sirups entering the vacuum pan were
made with the following mean results: '

Total solids..ov.cvvves civiiiiinn i per ceat.. 388.58
SUCTOBE v vt teesteieneseeenneennsecsonnnnasses do.... 25.24
GIUCOBE ..o vvverennnnnd L S do 8.94
PUTIET . e et eeveeereennineeesdeensnneeserserneaseaens 64.60

_ For convenience of reference the work of the factory was divided
into three periods; namely: First period from Seﬁlzember 10 to 20;
second period from September 20 to October 15; third period from
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October 15 to October 30, not including the last two days of the run

in November. The mean data for the three periods are as follows: -

'
t

Frresh chip juice.

First | Second | Third |
period. | period. | period.

Total 0LdS .eeu.... per cent.. 16.58 16. 09 16.67

SUCTOS ..uvearuaarnsns do..... 10.02 10.88 11.18
GIUCOSS . .. vvarvarnenns do..... 2.68 1.81 1.8
Solids not sugar ...... do..... 3.94 3.90 3.65
Glucose ratio. .....ceeevea..- 26.15 17.44 16.45
Purity coefficient .....c.ccave 60.33 64.51 67.67

‘The means for the whole season, excluding the November run,
are:

Total SOHAS . vvevuenereeeaaaaeeennn eeeeeaes per cent.. 16.83
SUCTOSE i vieeeeaeannsacionancvascneanassceasns do.... 10.54
GlUCOSE ¢ttt tveeeveecasedaasasacanaasasaaansanns

Solids not sugar ........ cceuen..
Glucose ratio. .....cciieiiiiiiaaan.
Purity coefficient

The constant improvement of the material entering the battery
from the beginning to the end of the season is strikingly illustrated
by the above-figures. We find the same fact true of sorghum that
* ig illustrated in sugar cane, that the longer the season for manufac-
turing can be delayed the richer the material in sugar will become.
With an average of 10.5 per cent sugar in the juice and 9.45 per
cent sugar in the cane, the total amount of sucrose in a ton of clean
chips is 189 pounds and the amount obtained in a merchantable form
of the raw sugar, as indicated above, is 58 pounds, which would
amount to about 55 pounds of pure sugar. :

The results illustrate the striking loss of sucrose in the juice in
sorghum sugar manufacture heretofore carried on, viz., a loss of
134 pounds of sucrose for each ton of clean chips worked. This
loss, as has already been pointed.out repeatedly, is due to the perni-
cious effects of the reducing sugars and organic matters not sugars
gresent in the juice, such organic matters, as shown by our work

uring the present year, having amounted to 3.86 per cent. Itis
‘perfectly safe to say that the total loss of sugar in the molasses was
almost exclusively due to the presence of these gummy matters in
the juice. It isevident at once that the financial success of sorghum
sugar manufacture must follow some method of work which would

elminate these sources of loss. .

CONWAY SPRINGS.

- The large factory at Conway Springs having been abandoned
after two seasons of unsuccessful operation, the only work which
was done at that place consisted in an attempt to make sugar in a

- small way by milling and open evaporation.

The resulfs, easily predicted, only se#ve as another illustration of
the futility of attempting sorghum sugar manufacture without any
of the appliances or conditions necessary to success.

The promoters of the enterprise, however, desiring to have some
chemical work done, a chemist was employed for the season. - Chem-
jcal work was commenced on the 25th of September, and practically



REPORT OF THE CHEMIST. 145

concluded on the 25th of October. During this time the mill was
in operation only at irregular intervals, and there was found a total-
lack of proper preparation. The whole process, in fact, was char-
acterized by unscientific methods. ' .

The cane showed a great deterioration from the quality produced
in ‘gle preceding years, but the cause of this inferiority is not clearly
evident.

Forty-two analyses of samples of cane from the field showed in
the juice the following percentages :

Total solids
Sucrose .....

Twenty-four samples of juices taken from the mill during the
period it was in operation showed the following numbers :

Total s80HAS. .. ouiiui ittt iiiienrannnn
Sucrose..........

PUTIEY . et e et aaea e e ee e SOV S

The utter unfitness of these canes for sugar making purposes is
at once evident. As a natural result of the poor quality of the raw
material and inadequate methods of manufacture pursued, no sugar
at all was roducéld, and even the molasses made was of a very
inferior quality. ‘ ‘

RESULTS AT FORT SCOTT. -

The general operations of the Parkinson Sugar Company, and the
results obtained, are set forth in the following report of the manager,
Prof. J. C. Hart : : ;

The spring of 1890 was all that could be desired by the sorghum growers. The win-
ter had been mild, with just enough rain to make the ground work well, and the
larger part of our cane ground was plowed before the first of March. The first
planting was done March 28, and this cane did remarkably well, ripening the first
week in August. The weather continued favorable until July, when it became very
hot and no rain fell for several weeks. Cane was forced to head prematurely,
especially on high ground and thin soil. In September there were heavy rains, and
canes that had ripened early threw out from one to four new heads, Which grew
much taller than the original stalk and occasioned loss of sugar. The September
rains brought on the late cane, so that the tonnage was good, though the quality
‘was not what it would have heen had the season been uni%orm. ‘Work was begun
in the sugar house August 19 and continued till November 1, a total of sixty-nine
working c¢ays.

Acresof cane..........ccovvuuinnn..

Tonsof cane........... voivuennn.

Tons for sugar ... ... civiuiiiiiiieniiiieeaeianannn.
Pounds SUGAT. ..o ctvei ittt e
Gallons sirup and molasses

‘The chemist’s re:iport has not yet been made and I can not give the quality of the
cane as compared with last season, though the density will average somewhat
higher this year, and purity of diffusion juice about the same as last; that is, 62.
Ditfusion juice to September 15, from Amber, only shows a density of 11.85: Sep-
tember 15 to October 1, part Amber and part Orange, 13; and for October, all Orange,
the density was 14.2. The amount drawn in October was 50 litres less than in Sep-
tember, but allowing for that the yield from Orange was better than from Amber.
I received from the Department several selected seed heads which were grown at
Sterling in 1889. 1give theanalysesof a few varieties as compared with last season:

Amber, 285; average seven analyses, 1889, sucrose, 18.51; Amber, 233; average
twelve analyses, 1890, sucrose, 13.1; Brix, 17.3,

- AG 90—-10
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-Maxiroum density August 16, 1890, 18,5 ; maximum purity August 14, 1800,
80.6 ; maximum sucrose August 25, 1890, 14.1.

Stalks small, but the variety is valuable for its high sucrose and early maturity.
Seed heads of all tested stalls'saved, together with séveral bunches not tested.

Cross of Amber and Link’s Hybrid, 161; average nine analyses, 1889, sucrose, -
15, Cross of Amber and Link’s Hybrid, 161; average nine analyses, 1880, Brix,
17.7; sucrose, 12,8, First ripe canes, September 5 ; 17.7 Brix; 12.9 sucroge. Max-
imum sucrose, 13.9 October 7. A good variety, but rather slender and falls easily,

Cross of Amber and Orange, 293; average five anaI%ses, gucrose 17.88. Cross of
Amber and Orange, 298; average seventeen analyses, Brix 18,71; suctose 14, 21,

First- test, Septemaber 5, Brix 18.6, sucroge 15, was ready for working ten days
earlier and is valuable as an early cane, as it is stockey, stands up well, and holds
its purity much better than Amber. On Oetober 14 it showed Brix 21.44, sucrose
15.6, and October 24 Brix 18,9, sucrose 12. 3,

India and Orange, 820; average ten analyses, 1889, 15.97 sucrose; average six
an?lyiﬁs, October 1890, Brix 18.62, sucrose 14,43, This is a heavy cane and will be
valuable, . :

Folger’s Early, 205; 1889, Brix 19; ho sucrose given. Twelve analyses, 1880;
Brix 18. 6, sucrose 13.78, First analysis, August 25; was ripe a week earlier and is
very valuable ag an early variety, being tall and strong.

Black African, Undendebule, 254, and Honduras gave good results, but need fur-
ther trial t0 determine their value for this locality.

Beet seed was obtained from the Oxnard Beet Sugar Company and several plots
were planted as soon as the seed arrived, which was May 20.

A very poor stand was obtained owing to heavy rains immediately following the
g]émting. “Web worms destroyed a large part of the crop. Twelve analgses in

tober gave Brix 16.05, sucrose 18. Beets taken from the field December 13 tested
17.76 Brix, 15.67 sucrose, - ) |

OP}:]RATIONS AT MEDICINE LODGE.

‘Manufacturing operations at Medicine Lodge commenced on the
18th of August and continued until the end of October. The ma-
chinery in use last year had been thoroughly overhauled and placed
in excellent working order. No delays, of an%consequence, Were ex-
perienced in working the apparatus, and, for the first time in the his-
tory of the manufacture of sorghum sugar, the losses due to delays
were reduced to a minimum. ' '

The crop of sorghum cane was grown in a season of great drought
which prevented the corn crop from maturing. The evil effects o
the drought were felt also on the cane, but in spite of it a crop of con-
siderable magnitude was produced. On the 25th of August the long
period of drought and hot winds was broken by copious rains and from
that time until the end of the manufacturing season frequent rains
fell. The cane in the fields readily ripened after the rains and many
fields which were considered worthless redeemed themselves and pro-
duced considerable quantities of merchantable cane. The high red
loam of the uplands produeed a better crop than the low bottom lands,
both in quantity ang quality. In addition to this, the first frost af-
fected on i; the bottom lands and the cane on the uplands had fully
};hrge weeks longer season on this account than the cane on the low-

ands.

Interesting observations were made on the effect of the drogﬁi.lt
upon the different varieties of cane. The Early Orange and Link’s

ybrid gave about the same tonnage under, similar conditions and
also had about the same contént of sugar. If there was any advan-
tage it wasin favor of the Link’s Hybrid. The varieties Undendebule
and Honeg Dew gave disappointing results; the tonnage was light,
sucrose and purity low, and the cane rapidly deteriorated after a li»%ht
frost. A new variety of cane, which may be called, provisionally,
Medicine Lodge Orange, made a splendid showing. The seed head
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‘of this variety is small, compact, and does not spread or open on reach-
ing maturity. The stalk is perfectly formed and resembles very
nearly that of the Harly Orange, from which it can be distinguished
only byits earlier ripening. It contains a high 1})3ercen‘camge of sucrose,
low glucose, and endures a dry season remarkably well. It ripens in
from 90 to 100 days from the time of planting. It is also hardy and
does not deteriorate rapidly after frosts.

The Black African was one of the best varieties tested during the
season. This variety not only has high sucrose and ?urity, and low
glucose, but is a large cane and endures drought well. Its tonnage
was nearly double that of the other varieties and it maintained its
high percentage of sucrose longer than any other variety tried.

Ags a result of the agricultural experience of the season, it seems
" best to plant only the early maturing varieties on the lowlands while
the late maturing varieties should be planted on the uplands.

The results of the mean analyses ofp the cane chips entering the
battery for the season show the following numbers:

In the Juice. ,
Total B0HAS. . ... ittt iieienivees per cent.. 18.20
S L0 e c S P do.... 12.62
L T e do 2.24
3 v 1 1 69.88

The exhausted chips contained 0.81 per cent sucrose; the mean
polarization of the first sugars made was 91.8 and of the second sugars
made 91.2. The mean percentage of sugar in the cane extracted for
the whole season was 93.6. The mean percentage of marc or fiber
in the cane was 12.2. , '

In regard to the analyses of the Link’s Hybrid variety, the means
of four hundred and thirteen analyses show the following numbers:

In the juice.
Total solids ........cciiiiiiiiiiiiiiiiiallls per cent. . 19.72
B CI08E. . vt et et i it e e do. ., 18.59
L T =T P do... 1.8
Purity. . i i .. 10.00

Four hundred and sizty-two a,na,lyses of the Early Orange during -
the season show the following data:

In the juice.
Total solids. ... ... ..o ittt iinennn per cent.. 20.20
15T ot o.... 13.20
Glucose. ... ool i i it do 1.98
Purity . i e e e i, 65.24

ERight -seven\analyses of the Medicine Lodge Orange gave the fol-
lowing data: : S
In the juice, '

Total 80lidS, ... .oviiii ittt iiieeenn per cent.. 20.18
BUCTOBB. . . ce it i e e o.... 15.60
GlICOB0. . . .ottt i i i do 1.87
D 1 U P n8.82
Thirteen analyses of the Undendebule gave the following data: .-
o In the juice. ’
" Total'eolids. ... iu .o i e per cent,. 18.80
Sucrose. . .........ieaniinonn S A PRI do.... 12.43

Punty ...... feoese nao--.-.ob!'vt'"'."f"'f‘t;"ﬁﬁ_:gg
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Thirteen analyses of Honey Dew showed for the season the fol-
lowing results:

In the juice.
‘Total solids......ccovvviiiiiiiiiiiiia i, percent.. .17.43 .
SUCTOBE. « vt vieiennereersnsnnnesanssnssiosnonranns do.... 11.43
Glucose....ovvvvnnnvann eeeeieereiesaaaneaan do.... -2.98
ST 17, SR 64.19

Following are the mean analyses of the Black African for the
month of November: ~

. In the juice. ’
Total solids............ooiuus AN per cent.. 19.88
(517763 X e - S PSPPI do.... 13.90
GIUCOSE v v vtitiinisnnesisseessennnsnnnainns .do.... 2.04
Puriby. ..o i e e 71.98

Samples of cane were taken from 1,973 loads brought to the fac-
tory and examined with the following mean results:

: In the juice. .
Totol 80HAS. .. .vvveiiviiiiiiseiinieiannins per cent.. 19.81
SUCTO8E s vttt iierttennursitesoinseessssnssnnas do.... 18.80
Purity.......oiviiiiiiiiiiiin i eeediieeeaes Veeeees 69.14

Nine hundred and forty-one miscellaneous analyses of the cane
from farmers in different parts of the county were made with the
following mean results:

Total solids... .. c.oiuiriiiiiiiinaneenes «..per cent.. 19.83
SUCIOSE +vvveiiieieniininnenncesaiasannsanans do..... 15.12
GluCOS8 ..o ve i iiii ittt it it it do..... 2.21
| 227741y PR P 71.01

The summary of the season’s work will give a fair idea of what
was accomplished:

- Working days .....viiiiiiiiinieeivenvinncinienenns 35
Clean cane worked. .......ccovveiiiniennnnesnns tons.. - 8,957
First sugar obtained, per ton of clean cane. .pounds... 101.1
Second sugar obtained, per ton of clean cane...do.... 2.5
Total yield, per ton of cleancane............ do..... 128.6
Sugar obtained, based on total amount in cane, per ct. 51.4
Molasses made, per ton of clean cane.......... galls. . 18.8
Total weight of sugar made................pounds.. 489,357

DIFFICULTY OF MAKING SORdHUM SUGAR IN SMALL QUANTITIES.

It is to be regretted that certain hallucinations seem to constantly
follow the development of the sorghum. sugar industr{. This De-
partment has pointed out repeatedly the insurmountable difficulties
attending the production of sorghum sugar in a small way and with
crude apparatus and unscientific methods. The record of the past
season at the various points where the Department was represented
by its chemists tends to confirm the views in this regard so often
expressed heretofore. Thus the development of this industry has
had to contend not only with natural difficulties but with the dis-
couragement attending numerous failures, although such failures
~were altogether due to causes which would have resulted as disas-
trously in connection with any other industry. In some cases, as in
the experiment at Conway Springs for instance, the promoters testi-
fied to the honesty of their convictions by investing their own pri-
vate funds without any public aid. While such an investment is
certain to be followed by financial loss, what is far worse from a
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public point of view, it will prejudice the community against the
whole business, and E)revent peopfe from viewing in the proper light
processes which really give promise of success. \ :

It is evidently the duty of the Department to catition farmers, and
to reiterate what has been so often stated, that with our present
knowledge, and with the present degree of development of the sor-
ghum cane, it is an utter impossibility to produce sugar profitably
in a small wayand without an ample and suitable equipment. That
a good article of table sirup can be made with moderate facilities,
and profitably, has long been known, and I conceive it to be the duty
‘of the Department to encourage such work as that, and to discour-
age in every possible way attempts to make sugar under conditions
and with apparatus suitable only for the manufacture of sirup. It
is unfortunate that in spite of the unsatisfactory results a glowing
report has been published of the season’s work at Conway Springs,
. and still more unfortunate to find it published in an influential sugar
journal without any comment whatever, thus lending to it an air of
authority which it is feared may prove fo some extent injurious.

If the alcohol method of treating sirups should prove to be a
success, it might then be profitable in some localities to make a thick
siruﬁ in some small way for delivery to a central factory. Such a
method might be advisable in cases where cane would otherwise
have to be hauled a long distance to the central factory. These pos-
sibilities, however, are still in the future, and do not call for dis-
cussion at the present time. , .

CULTURE EXPERIMENTS AT STERLING.

The experimental work of the Department at Sterling was con-
tinued during the year 1890 on the same general lines of work as
those followed in previous years, The whole year was unexception-
ally dx('iy. Planting was commenced on the 1st of May and finished on
the 23d. Before the last of the planting was completed the ground had
become so dry that the seed ofp the last plots planted remained for a
long time in the ground without germinating. Not only did this
cause a late maturity of the canes whose germination had been de--
ferred, but also produced an uneven ripening of all the plots thus
affected. Some of the seed which germinated as soon as planted pro-
duced canes ri}éening long before those from the delayed germination,
Planting was done by hand and the seed covered by a hoe.

The land varied widely in quality, from fairly fertile spots to bar-
ren sandy knolls. Much of it had not been in cultivation for several
years, and part of it had been in sorghum for many years. In addi-
tion to these disadvantages of soil and season, a severe frost on the
13th of September killed all the cane in the greater part of the
experimental plots. This frost was almost a month earlier than the
average of the locality. After the frost the working force of the
station was brought down two-thirds and the total amount of work
done was probably only about one-third what it would have been
had the frost been delayed for another month. In many of the plots,
however, the analyses were kept up for some time after the frost
selecting for this purpose stalks here and there.which still showed
green leaves. In some cases the canes which had been frostbitten
rapidly deteriorated, and in no case did they improve, but in some
instances they remained quite stationary in quality for a considerable
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length of time. - It was noticed in many cases that the canes retained
their sugar content in quite a constant manner for five weeks after
the frost had destroyed nearly all the leaves. The comparison of
varieties under such circumstances must be more or less unreliable,
and hence the analytical work of the station is not asindicative inita
results as it was during previous years. Theexperimental plots occu-
ied inall about 165 acres. The different plots were sowed in plots 25
oot wide, leaving about 25 feet between them to avoid mixing. This
is probably not a sufficient distance, but on account of the large num-
ber of plots with which it was desired to experiment, it was not
possible to plant them farther apart without extending to undue pro- -
rtions the total area under cultivation. - :

One hundred and twenty-seven plots were planted with seeds from-
foreign countries, received through the Department of State in re-
; sgonse to arequest from the Department of Agriculture. Two hundred

‘plots were planted with seed selected at the station last year by the
analyses of single canes. Twenty-six plots were planted from seeds
which were received from Dr. Peter Collier, director of the Experi-
ment Station at Geneva, New York. Four hundred andfifty-five plots
were planted with seeds from canes which showed evidences of being
crosses of Link’s Hybrid and Early Amber. Each of these plots was
glanted with seed from a single head and wers grown in the hope of -

nding among them canes showing new and desirable qualities,
Some of these plots gave remarkably fine canes of new types having
from 14 to 16 per cent of sugar, while others were inferior in every
respect to each of the parent forms. In all, twenty of these lots
seemed sufficiently good to justify preservation and the seed was
saved from them for future growth.

All the one hundred and fiffy-three plots planted with foreign seed,
including two varieties, unnamed, fll)'om Australia, produced fine
canes of good quality.

Of the various crosses first selected in 1888;ﬁlanted in 1889 and
again in 1890, several having proved unusually good during the
three years of trial, will be retained for further experiment. Most
of these new varieties are now well established and uniform in their
characteristics, but there are some which still show a persistent ten-
‘dency to reversion. Special data which were obtained -with the
Colman cane and with numbers 160, 161, and 289, are of such a char-
acter ag to fully justify the whole of the labor which has been ex-
pended by the Department at the station in the development of new
varieties from crosses. These four varieties possess qualities for
sugar making superior to all other known varieties of sorghum, and
these characteristics have been secured by careful attention to seien-

tific dprinciples of selection and pro;pagation which have been prae-
ticed at Sterling from the first. There is still opportunity foi® a
large amount of judicious work in selecting from varying seedling
canes, having juices of greater purity, for there are wide differences
in this respect, and it will require several years more to develope
among them characteristics sufficiently uniform to justify their se-
leetion as sugar-producing plants. : ‘

Many varieties which had given good results in previous years
wore planted in a large number of ﬁots in different soils and at va-
rious times in order to determine their average value. The stand of
cane wag almost perfect except where destroyed by drift sand. The
seeds selected at the station have often shown a vitality of 98 per cent
at the time of planting. With such seed and due care in sowing it
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would seem possible, so far as the experimental work has shown, to
have a good stand of cane without either thinning or replanting.
Neither was done this year. No fertilizers were used 'and no suck-
ersnor offshoots removed. 'With the exception of small plots, which
were hoed twice, the cultivation was such as any careful farmer
would give his crop. - In such hot and dry seasons as this was there
geems no doubt that deep and close cultivation after the canes are
large injures them. On the other hand, frequent and shallow culti-
vation, even after the canes are well grown, %a,vor their development;
on principles of soil physics which are well understood.

he yield of cane per acre was not nearly so large this year as in
the season of 1889, but was better than in 1888. In general all the
-varieties which have been subjected to careful selection showed a
larger percentage of available sugar in the juice than any other of
the previous years. Another point mentioned is that the character
of the juicesin the sorghum appears to vary less with the season than
does the yield of cane. As an instance of this characteristic, de- -
veloped by the experiments, we may cite the variety of cane known
as161. 1In 1889 seventeen analyses of this variety were made, extend-
ing from September 4 to October 26. The average percentages given
were as follows:

Sucrose............ciiiiidiiin e per cent.. 13.24
Reducingsugar....................... do.... .4b
Solids not sugar do.... 3.56

Purity ....... BRSSO do.... 6.7

In 1890 twelve analyses of the same variety were made, exténding
from August 12 to October 21, showing the following mean per-
centages:

BUCTOSE. « .\ttt iees e eieeenns ...per cent. . 14.81

GlUCO0Se . ... ettt e do.... .69
Solids not sugar ................c. ..., fereaaees do.... 3.7
Purity ...... P do.... 76.85

One of the most marked effects of ‘selection, as practiced at Ster-
ling, has been manifested in the earlier maturing of the cane. Some
of the different varieties grown during the past year ripened two or
three weeks earlier than was the case with the progeny of similar.
but unselected seed. Judging from the work already done sorghum
cane may be developed in any particular direction by continuous
selection of the-qualities desired. 1If, for instance, a high sugar con-
tent be desirable, by continued selection for high sugar only, this

roperty of the cane may be made persistent, and the same is frue of
ow glucoss or low non-sugars.

The work of the station during the year comprised 2,500 analyses
of average samples of sorghum, in large quantities, taken from the
plots, and about 9,000 polarizations of the juices of single selected
canes. Twelve thounsand selected seed heads from the best varieties
were wrapped separately and descriptive tags attached to them for
the purpose of continuing the work, not only at the station, but by
Yistributing these seed heads to those interested in such researches.
By planting a single seed head and saving all the seed produced
therefrom a very large field of cane can be produced from each of
these 12,000 heads in 1892. In other words, from these 12,000 selec-:
tions it would be possible to produce seed enough to plant all the
sorghum cane which will be required by all the factories in the United
Statesin 1892, These 12,000 heads have been divided into four classes.
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Those coming from canes which give a juice of from 80 to 85 per
cent purity, irrespective of sugar content, were placed in the first
class;' those having a purity of 75 to 80 in the second, and those from
70 to 75 in the third class, and the whole of the remainder in the
fourth class. ‘ :

The seed selections were taken from the following varieties :
Early Amber, Undendebule (Nos. 1 and 2{, Colman cane (cross
of Orange and Amber), Folger’s Early, Planters’ Friend, Karly
Orange, Tink’s Hybrid, No. 160, No. 161, No. 110, No. 112, No. 208,
No. 244, No. 289, and No. 350.

The method of making selections may not be devoid of general in- -
terest. The method pursued at Sterling was as follows:

Many thousands of canes of the particular kinds selected are run
separatel% through hand mills and the juice from each one put in a
tin can. These juices are-then roughly tested by a hydrometer, ﬁiv-
ing reading, representing the percentage of total solids contained in
them. If this reading 1s below a certain fixed standard the seed
head from this cane is at once rejected, the standard of the juice
being kept high enough to insure a rejection of the majority of the
canes. If the first reading is satisfactory, the can and the seed head
of the cane furnishing the juice therein receives a number. For in-
stance, in the variety No. 112, 765 canes were found which came up
to the required standard. These were again assorted by subjecting
them to analysis and 185 samples were found to contain over 15 per
cent of sugar. These seed heads were then saved and all the others
from the variety rejected. From those which were saved another
gelection was made on the purity of the juice and 121 were found to
have gurities ranging from 75 to 80. These seed heads were pre-
served and all the others rejected. Thus of the many thousands of
the canes of No. 112 submitted for examination only 121 seed heads
were saved to distribute for planting next spring. With the force
at the command of the station it was possibfe to test 3,000 canes per
day. Of course it is not expected that canes showing a high per-
centage of sugar, say 18 per cent in the juice, will give seed which
will on planting give a cane uniformly possessing this high quality.
‘Were this true it would be possible to permanently secure and per-

etuate each accidental variation showing a high percentage.
evertheless, it is true that seed selected-in this way has a tendency
to produce a larger number of high-testing canes than before, and
thus by continued selection it-is possible to develop finally a per-
manent type showing a decided increase in sugar-producing power.

It must also be taken into consideration thatin cases of seed selec-
tion the development of the particular varieties of cane should be
largely influenced by the environment, that is, by the soil and cli-
mate; hence it is 1llogical to suppose that seed which has been
selected in this way an 'permanentll; established at Sterling will do
e%ually as well in a soil and climafe radically different. It is the
object of the Department in this work not to select and establish
_ varieties which will do equally well in all parts of the United States,
but to illustrate the methods of establishing varieties in one particu-
lar locality, so that the particular variety of cane which is suitable
to any one locality may be speedily and scientifically established by
gelection in other places. In many cases the seeds which have been
sent from Sterling, and which confinue to give there the best results,
have produced canes of much inferior quality in Louisiana and Mis-
gissippi; as will be seen by data given from,those localities in another

g G
IS -
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place. After three years of study of all the heads of sorghum
which could be obtained, amounting in all to nearly one thousand, it.
does not seem, premature to give a list of those varieties which may
be called the best. It must be understood, however, that this list
is for a soil and climate similar to thoge in Western and Central
Kansas, and this list can not be regarded as being abgolutely correct
for other and widely different localities. . .

From the results already obtained Early Amber will be suitable
for earliest planting and manufacture or for very late planting when
such is unavoidable. Earlier maturing varieties than Amber have
been studied but none of them can as yet be recommended. Folger’s
Early has improved by selection, and No. 160 and No. 161 ripen soon
after Amber and are much superior to it in. many respects. = Unden-
debule, Colman, and the well-known Link’s Hybrid complete the
list. To these may also be added Orange cane and its different
varieties, which have proved so successful for manufacture but which
did not deport themselves ass well under selection as the heads men-
tioned. With the exception of Early Amber, all of these can be
recommended- in respect to high sugar content,good purity, and
persistency of type. Folger’s E?arly has a relatively high glucose
content, but the purity is about the same as that of the others. Link’s
Hybrid is somewhat later in maturing and has a tall slender stalk
which is liable to be blown down. This latter defect it shares with
Nos. 160 and 161. :

It is hoped that in the course of a year or two No. 161 can be
hastened enougli in maturing to take the place of Amber. The
belief is entertained that these varieties, excepting Amber, are not
superior to those commonly grown for sugar making, but selection
on the lines already explained will \proba%ly result in considerable
- further improvement.

Hitherto the work of selection has been carried on mainly in the
direction of high sugar and low glucose percentages, and in this re-
spect its success has been most gratifying. In the future it seems
evident that more particular attention must be paid to the purity of
the juice, unless indeed Congress should see fit to permit tﬁe intro-
duction of the process, for making sorghum sugar, by removing the
%}Immy matters, which is proposed in another part of this report.

nless this can be done the greatest hope of the success of the sor-
ghum-sugar industry lies in the direction of securing a juice of high
purity and especially one low in the organic matters not sugar. It
would be better, therefore, in this respect, to base at least one line of
selection in this direction so as to eliminate as far as possible the
gummy mattersin the cane. The average purity of the juices of the
sorghum which have been manufactured so far is not much, if any,
above 65, while with sugar cane it is about 80 and with the sugar
beet evenhigher. Of tl%e varieties already selected and established
the Colman and No. 161 give the best resultsin regard to purity, the
number expressing the purity varying between 75 and 80. The im-
portanceo having a pure juice will be at once realized when it is
gnownthat the amount of sugar which is secured from a given weight
of cane doesnot depend solely upon the contents of sugar in the juice
but upon the amount of thissugar which the gummy and other un-
crystallizable bodies in the juice will allow to crystallize. This was
well illustrated in the work of the Department at Fort Scott, Kansas,
in 1886. From sorghum cane the juice of which averaged 7.7 per cent
and less than 60 purity only 21,5 pounds of commercial sugar per ton

5
.
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of clean cane were made, while from sugar cane sent from Louisiana
containing 10,45 per cent of sugar and having a Iiurity of 73, and
worked by precisely the same processes and under the same control,
144 pounds of sugar were made per ton.

It ap%ears true of sorghum juices that the non-sugars, consist-
inlg of the glucose and solids not sugar taken together, may be in
all'about 4 to 5} per cent of the juice. It has been shown by the
~ three years’ selection at Sterling that the glucose percentage can be

reduced to a point at which it may be practically neglected, viz,, to
about one half of 1 per cent. The selection for the purpose of reduc-
ing the organic bodies not sugar has not been carried far enough to
_ determine whether or not similar success can be expected. At the
present, however, it appears that there is a kind of reciprocity exist-
ing between the glucose and solids not sugar so that as one is in-
creased the other is diminished the sum thus remaining about a con-
stant quantity. As a rule the varieties which have a low glucose
content have a high content of organic solids not sugar, and the re-
verse is true. If this should be the correct view it would malke the
Eroblem of selection a more difficult one and the wiser plan would

e to pursue it in the direction of reducing the organic solids not
sugar and increasing the glucose, provided the manufacture of sugar
is to be carried on as it now is; while if the alcohol process for the
separation of the organic solids in sugar should come into use then
the wiser plan would be to pursue &e selection with reference to
diminishing the glucose to the least possible degree. The separation
of the organic bodies not sugar, by alcohol, would leave a juice of
remarkable purity and ca ab%e of yielding the maximum percentage
of crystallizable sugar. It is highly probable, however, that all the
non-sugars may finally-be much reduced in amount by continued
selection. _

The results of the station work show that Early Amber, Folger’s
Early, and the various varieties of Orange have comparatively high-
glucose, and, as a rule, low percentages of solids not sugar. This
accounts for the fact that in practice the Orange, although having
a high percentage of glucose, has given uniformly good results. On
the other hand, Undendebule, Colman cane, No. 161, Sorghum Bi-
color, and Link’s Hybrid show generally low percentages of glucose
and high percentages of organic solids not sugar. '

In general, therefore, it may be said that the lines of selection as
indicated above will-depend upon the method of manufacture to be
pursued. If the method remains as it is, then without any question
the direction of the lines of selection should be toward securing a
juice of greater purity even should the sucrose content itself suffer.
't is far better for the manufacturer to have a sorghum juice con-
taining 12 to 13 per cent of sugar in the juice and a purity of 85
than to have one from 16 to 18 per cent sugar in the juice with a
purity of 65, : o

I havealready said that the cause of a poor yield of sugarin sor-
ghum of high polarization is due to the presence of some form of
carbohydrate or other organic body exercising a higher melassi-
genic power than invert sugar or any form of levulose or dextrose,
and the results of the research carried on in the'laboratory during
the past eighteen months have disclosed to us the exact nature of
this body and also revealed the method of separating it as indicated
in another portion of this report.
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Mr. John Dymond and Dr. W, (. Stubbs estimate that a fair
average of Louisiana sugar cane, in the juice, would be as follows ;

Solids.............cooiiiiin, B per cent.. 15.00
BUCTO®B .+ .ttt iii ittt iiiriia it do.... 12.00
Glucose ... .oooiit it e . do.... 1.50
Uy . .ot s 80.00

It would be of interest to compare these numbers with the aver-
ages of the sorghum worked in the four sugar houses at Attica,
edicine Lodge, Conway Springs, and Meade during the season ¢f
1889, and also to compare it with the general average of the Colman
cane during the present season : -

Los\ggga}na Factory | Colman
cone. sorghum. cane.
15.00 17.48 19.48
12.00 11.08 14.88
1.50 237 “81 !
1.50 4.01 3.76 |
80,00 63,45 76.37 |

It is easy to see from the above figures that the Louisiana cane
yields a much larger percentage of sugar than sorghum. Atthe
same time a glance will show that the removal of 3.Y6 per cent of
the solids not sugar in the Colman cane would at once place it in the
“first rank of sugar-producing plants as compared with the others
given above. :

In the selections made at Sterling particular attention has always
been given to the constitution of the sugar content. A variety which
retains such a long time a high percentage of sugar in the field is of
course. preferable to one which rapidly loses its sugar content after
having become fully ripe. The former allows more latitude for
harvesting the crop, and also permits those canes which from vari-
ous causes mature fater than others, time to attain their maximum
content before they are harvested,so that when they are finally
worked they are in good condition. There are considerable differ-
ences in this respect among the different varieties. Some, as for in-
stance the White African, and even the Harly Amber, begin to
retrograde soon after maturity; others are much more constant. Of
all the varieties tried No. 161 has proved the most durable. One
%)lot of this variety has held up its sugar content for seventy days,

he longest period ever known, and, in spite of exceptionally adverse
climatic conditions. Cclman cane, which ripens somewhat later, is
second in this respect. It seems probable that both these varieties
will continue to disclose this good quality and will keep their sugar
until second growth is far advanced. © With this latter point is closely
connected another, viz., the preservation of sugar content in the
canes after they have been harvested. Itis probable that the two
are correlated and that the kind which keeps better in the field than
others will also hold up its sugar content better after harvesting,
It is very difficult for factoriesto so arrange cutting, hauling, and
manufacture to insure the selection of all the canes suitable after
harvesting. The losses, therefore, in this respect are very great at
every factory and the glucose ratio differs widely between field and
diffusion battery.

If varieties of cane could be produced which might be cut and left

- for a week or so before working without serious damage it would be
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a great step forward in the sorghum sugar industry. Work in selec-
tion on this line was planned, but owing to the press of other work
and early frost it was abandoned during the present season.

In general, it appears thatall the varieties of sorghum which have
been tested may lI))e divided into several clagses. First, those va-
rieties which have only a fair percentage of sugar and low glucose, as
for instance Sorghum Bicolor, which for three years has had an .
average in its working period of 12.50 per cent of sugar and less
than 1 per cent of glucose. - Second. Varieties which have a less per-
centa%e of sugar and comparatively high glucose with a low pereent-
age of solids not sugar. This variety is illustrated by the Early
‘Orange, which for three years has shown during its workin %eriod
about 14 Eer cent of sugar and 2 per cent of glucose. Third. Varie-
ties which have high sugar content and low glucose. This variety
is illustrated bI\; Undendebule No. 1, which hag shown for three years
during its working period 15.50 per cent of sucrose and 0.70 of glu-
cose. No. 161 has also shown good results in this direction, having
for two years an average of 15 per cent sugar and about 0.50 per
cent glucose. Fourth, \garieties with a moderate percentage of both
glucose and sucrose. This clags ig illustrated by No. 250, an African
variety which has given for two years an average of 12.50 per cenf
sucrose and 1.23 per cent glucose.

- Inrespect of the detailed studies of the different varieties grown at
Sterling, reference will be made to the bulletin of the Department,
No. 29, which will contain all the data collected from the Sterling
station during the present year.

EXPERIMENTS WITH SORGHUM NEAR COLLEGE PARK, MARY-
LAND.

The experiments made in 1889 near College Park were rendered
entirely nugatory by the exceptionally wet season, which provented
planting the caneatthe proper time, interfered with its cultivation,and
retarded its maturity. "Hoping to obtain better results it was decided
to continue the work, on a small scale, during the present season,
Four acresof land were leased from Mr. D. M. %Tesbit;and this land
- was divided into eight equal portions. The land was in the form of
a parallelogram, the length lying east and west and was twice as long
as it was wide. An attempt was made to secure land of a perfectly
uniform nature, but even in so small a portion as 4 acres this was
found to be impossible. The western part of the land was a gravelly
loam, while about 14 acres of its eastern portion was much more
sandy and less fertile than the western parf.

The eight subdivisions were planted north and south and were
numbered by the letters of the alphabet beginning on the west side
with plot A and continuing to the east end to plot H, each plot con-
taining half an acre. In an eastern and western direction the plots
were divided into five equal portions and the numerals from 1 to 40
were applied to the small plots made by the crossing of the eight
north and south divisions with the five east and west divisions, each
plot containing one-tenth of an acre. ‘

The method of plotting the field and the number of each plot are
shown in the diagram.

On plots 1, 6, 11, 16, 21, 26, 31, 86, 3, 8, 13, 18, 23, 28, 33, 38, Link’s
Hybrid was planted ; on plots 2, 7, 12, 17, 22, Early Amber ; on plots
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4,9, 14, 19, 24, 29, 34, and 39, Undendebuls ; on plots 27, 32, 37, Rea
Liberian ; on plots 5, 10, 15, and 20, Early Orange ; on plots 25, 30,
35, and 40, Improved Orange and two rows of Ear]y Orange to finish
out the plot of which there was not enough Improved Orange seed
to complete. .

The princi}f)fal object of the experiment was to determine the in-
fluence of different kinds of artificial fertilizers on the composition
of the cane. The fertilizers employed and the method of distribut-
ing are indicated in the following scheme :

- : N .

1 [ 1 16

2 . 7 12 17

, . =]

B 3 8 13 18
4 9 14 19

5o 10 15 20

[
A B [o) D
Link’s Hybrid ; Early Amber ;

Plots 1,6, 11,16,21, 26, 31, 36. Plots 2,7, 12, 17,20,
© 2,8,13,18,23,28,33,38.  Undendebulé :
Plots 4,9, 14, 19,24, 29, 34, %9,

N
2 28 81 36
®2 x 32 37
B 2 28 33 38 (=]
% 29 34 »
-] 30 35 40
2
B »r G H
Red Liberian ; Earlg Oran§e : Improved QOran, .:
Plots 27.382,87. lots 5, 10,15, 20, Plots 25,30, 35, 40.

Scheme for distributing fertilizers,

1. ... Cottonseed meal,
Zeerinnn Superphosphate,
B Kainite,
T Nitrate of soda. ’
oot (1, 2, and 8) equal portions of each,
6...eieeenn (2, 8, and 4) equal portions of each,
OnA........ No. 5
On B........ No. 2
OnC........ Nothing,
OnD...... ..No. &
gn E ........ II\}TO. 4
n F........ oth:
OnG........ No. (;flg.
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Bam’s of application.

[Pounds per acre.]
No. 1....%.. 600.

In regard to taking samples for analysis the follewing plan was
pursued : ‘

Beginning, for instance, with the Harly Amber, which was the
first to ripen, samples of the cane were taken by cutting about one
hundred canes of Early Amber from each of the different lettered
plots on which it was planted, viz A, B, C, D, and E. These canes
were thrown together, well mixed, and divided into four parts, and
one part sent to the laboratory for analysis. In this way samples
were taken from each of the plots under the influence of each kind
of fertilizer on the same day. On September 11 five samples of
Early Amber were sent to the laboratory for analysis, including one
sample from each of the lettered plots on whiclyl the Amber was
. grown. On the 19th, 24th, and 30th of SBeptember, and the 3d and

10th of October, samples were taken in the same way from each of
the plots of Amber. The other varieties were treated in the same
way when they approached maturity, the object being to secure a
study of the characteristics of the cane at about that period at which
it vlvould be used for manufacturing purposes if grown on a large.
scale. ‘

The character of the cane was rather disappointing, with the ex-
ception of the Early Amber, indicating a crop which would have
been unprofitable for manufacturing purposes. ,

‘With the exception of the Early Amber the growth of cane was
luxuriant on all the plots except those at the extreme eastern end in
the poor ground. The Karly Amber, as is usual with this variety,
was very small as compared with the other varieties, and yet the
yield per acre was fair. The mean analyses of the Early Amber
variety for the different plots are as follows :

A|B|O|D]|E

Total SOUAR «vuvensiaeeanie .. percent..| 17.5 | 17.7 | 17.1 | 16.7 [ 16.0
FETRTSS S P do....| 18.4 | 13.1 | 12.0 | 18.1 | 11.4
GIUGOE®. et teveeeantane caananaas do 1.3 1.7 1.8 2.2 25
PUFILY v ecveereeannaee sananeannanaanasnas 76.5 | 78.9 | ®.0.| 7.5 | 71.0

The analyses of the Early Orange were commenced on the 20th of
September ; subsequent sets of samples were examined on the .1st,
%ﬂlll, 13th, 18th, and 30th of October. The mean results were as
ollows :

Total solids.per cent..| 14.5 | 16.3 | 15.0 | 14.5 | 18.5.1 15.8 18.8 | 16.1
Bucross ........ do....| 77! sol sal g1} 0.8 97| 97108
Glucose ... ..., do 48] 46| 45| 8] 41| 421 41| 4.0
Purity .iceciiinecaana 53.1{ 857.8 | 56.1¢] 55.0 | 64.1 | 63.0 | 63.7 64.5
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The analyses of Link’s Hybrid were commenced on the 22d of
September and continued on the 25th and 29th of September and the
6t}11, 11th, and 29th of October. The mean results obtained were as
follows : ’ -

A B C D E F G H

Total solids.percent..| 14.6 | 14.9 | 14.4 | 14.8 | 15.8 | 16.1 | 14.7 | 15.9

Sucrose........ do....110.2 | 9.5 89| 9.8711.8110.1;10.7 113"

Glucose ........ do 221 8.1 8.9 27| 18] 2.8 23| 2.2
9.9 | 64.5 | 61.4 [ 68.3 | 74.8 | 66.5 | 72.8 | 71.5

Puarity ...... _......:::: 6

The analyses of Undendebule were commenced on the 26th of
September and continued on the 2d, 17th, and 25th of October. . The
mean results obtained follow : :

A B C D B F G H

Total solids.percent..{ 13.5 | 14.2 | 14.6 | 15.0 | 15.9 | 15.6 | 16.8 | 16.1
Sucrose........ do....] 9.8} 891 9.1(11.8;11.2}10.2|11.4!10.9
Glucose ........ do 2,4 83| 83} 2.1} 2.2 2.8] 2.6 24
Purity .. ooooeieennn 68,4 | 6.3 | 62,4 75.8 | 74.0| 65.1 | 69.6 | 67.6

The analyses of Improved Orange were commenced on the 16th
of October and continued on the 21st and 27th. Following are the
means obtained :

Total 80lAS covvveiiiniiiinin vevennns percent.. 15.8 [ 15,8 { 15.4 | 15.8
SLCIOSE evvenrrnrneriosseneroneesnesonnes do....| 11.3 | 16.9 | 10.7] 10.7
Glucose .. ...do....| 8.8] 4.2 401 4.0
PUILY ceee e iietieiiieeiieiiittaniaeenennn cvren 7.1 71,8 1 70.0 | 68.5

Analyses of Red Liberian were commenced on the 15th of October
: a]xold con(tiinued on the 20thand 28th. Following are the mean results
obtained : o

H.,l

Boos
=R ¥

In order to obtain a comparison in richness of sugar of the results
on all the different plots with the different kinds of fertilizers, the
following tabular arrangement has been constructed. T.‘:Lkin%l the
mean aesults of each variety they have been arranged in the follow-
ing order: :

Hirst, in the order of highest sucrose; the plot giving, for instance,
the highest sucrose being placed first and those containing the next
subsequent percentages in order below. For instance, in the case
of Harly Amber, it was found that the highest sucrose was in plot A
and there is a regular decrease from plot A, so that this was arranged
in alphabetical order, A, B, and so on, In the next group are con-
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tained the plots with the lowest glucose beginning with the lowest
and continuing to the highest: In the next group are collected the
mean purities, beginning with the highest purity and continuing to
the lowest purity in order. ' ~

Classification of plots in respect of sucrose, glucosé, and purity.

Highest sucrose, Lowest glacose. Highest purity.

Variety.
1lei8lalsi6lr|8l1{2|8|a|5[6]7|8{1|2[83(4]|b|6|7|8
Early Amber ..... A|BIC|DIE e ] AIBICIDIELLLL.IAIC|B(D I E]..
Early Orange..... H EIF G|{B|{C|D/AIH|GIE!/F|C|BI(DI/IA|/H|E|{G|¥ | B|C|DJA
Link's Hybrld ....|E/HIG{A|F|D|B|C|E|A|H|{G|D|F|BiC|E|G|H|ADIF|BIC
Undendebule ..... G|DIE|H|F|AIC|BiD|EA'H|G|{F|B|CI/D|E|G|A|H|F|C|B
Improved Orange. | E | FI1G | H . ..|...]..[.. | EIF|[G[H|...|-.o}se-}.. F|E GiH..o|ecalan foun
Liberian...... HiG|Fi... LJH{GIF)... GH{GIF..

An analysis of this table shows that the plots have the following
relations:

Rank.
Plots. Total.
128|456 [7]8
A 311} 1| 8,0 1}0]38 12
B..... o 2] 1] 0} 2| 1| 4| 2 12
C..... 0 1] 2| 0f 1| 2] 2} 4 12
D,.... 2/ 1] 0] 8} 2| 1] 3] 60 12|
E..... 5 4{ 2l 0|l 110] 0[O0 12
F..... 11 2] 41 2 21410 0 15
Gaeas 1/ 5{ 612 1] 06| 0;0 15
H....[ 6] 1] 2] 4] 1 00| 0 14

Per cent.:
A forfirstplace.........oooviiiiiiiiiiiiiins L ..o 25.0
B for first place......... eaean aaaasssasaseaaesans 00.0
C for first place. .cvvviiiiininiiiieeasnsiininnnns 00.0
D forfirstplace..........iiiiiiiiii i 16.7
E for first place.....ooviviiieiiiiiiinnitiannanans 42.7
F for first place. .......ccoviivieieniininnann aaeea 8.3
G for first place.......ccivriiviiriininiiianiieiiins 8.3
H for firstplace............... i ieaaarraaaaeaseaeas 50.0

Multiglgring each rank of each plot by the number of times it oc-
c;lu's and dividing by 8 will give the mean position of each plot in
the series. ' '

A=20625 B = 3.00
B = 8.37 P =138
C=28.63 G =>5.30
D == 06.63 H=4.38 _ .
~ In reviewing these results the following facts are noticed: With
Farly Amber the highest sucrose was produced by fertilizer 5, fol-
loged in order by 2, 0, 3, and 4. The lowest glucose appears 1n same
order.
- The highest purity was found with No. 5, followed by 0,2, 3, and 4.
With Early Orange the highest sucrose was produced with No. 4,
followed in order by 2,0, 8, and 5. : .
The lowest glucose was found with No. 4, followed by Nos. 0, 2, 3,
and 5. ,
The highest gurity was found with No. 4, followed in order by
Nos, 2, 0, 3, and 5. ‘ :

N
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The above comparison, however, is not strictly just on account of
the fact that all varieties were not planted on all the plots. It will
be better, therefore, to compare only those plots and varieties which
present a complete comparison. Tgese lots are A, B, C, D, and E,
and the varieties Early Amber, Early Orange, Link’s Hybrid, and
Undendebule. _ :

Classification of Flots A, B, C, D, and E, with varieties Early Amber. Early Orange,
Link’s Hybrid, and Undendebule. .

N Highest sucrose.| Lowest glucose. | Highest purity.

Variety.
1284512845128!45
Early Amber ......... ABCDEABOD'EACB!DE
Early Orange......... EBCDAECBDIAEBCDA
Link's Hybrid ........ E|AIDIB|C|E|A|B/DIC E|A|ID{B|C
Undendebule ......... DEACBDEAB}CDEAGCB

With Link’s Hybrid the highest sucrose was found with No. 4,
followed in order by Nos. 5, 8, 2, and 0. . ’

The lowest glucose was found with No. 4, followed in order by
Nos. 5, 2,3, and 0.

The highest purity was found with No. 4, followed in order by
Nos. 5, 3,2, and 0. Co

‘With Undendebule the highest sucrose was found with No. 3, fol-
lowed in order by Nos. 4, 5, 0, and 2. ‘

The lowest glucose was found with No. 3, followed in order by
Nos. 4, 5, 2, and 0. '

The highest c{)urity was found with No. 3, followed in order by
Nos. 4, 5, 0, and 2.

ﬁ general comparison of the numbers is given in the following
table : ‘

Rank.
Plot. Total.
1]218(14]5
A..... 8, 8 30| 3 12
B..... 0| 4 3| 38 2 12
C..... 01 21 41 2/ 4 12
D.. 3012|710 12
E..... 6| 8] 0 0l 8 12

Multiplying the times each plot occurs in the series by the number

o{ %he rank and dividing by 5 we obtain the mean position of each
plot.

1E=54 4B="7.8
2 A=6.06 5 C=8.8
$D=74

Hence it appears that in general results nitrate of soda (fertilizer
applied to plot 1) has produced the most favorable effects. Followed
by this isa mixture of equal parts of cottonseed meal, superphosphate,
and kainite. Next in order comes kainite alone. In the next rank
we find superphosphate alone, while the plot C, which received no
fertilizer at all, showed the poorest results, \

AG 99—11
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These data are more valuable in indicating the methods of studying
the effects of intensive culture on sorghum than for the definite
knowledge obtained. It is evident at once that only several years
of cp}r)lltinual investigation would make a solution of the problem
possible. '

The agricultural data are briefly given in the following resumé:

Plots A, B, C, and partof D were rather light soil, containing alarge
gercentage of sand and having perfect natural drainage; the remain-

er of the plots was more clayey and compact. The light soil favored
the growth of sorghum so that it matured on an average one month
earlier than that in the other plots. It is worthy of note that the
sorghum showed far greater sensitiveness to difference in soils than-a
field of maize grown next to it on the same kind of ground. The fol-
lowing statement gives the number of stalks per acre, and the gross
weight per acre, including the blades and seed heads, and the net
weight per acre including only the clean cane for each variety on the
different plots. These weights were all taken on the same day, viz.,
the 15th of October, and the weight per acreis based upon a carefully
measured portion of each plot the W}E)ole of which was harvested and
‘weoighed in the manner indicated: '

L

Link’s Hybrid, Early Amber. Undendebule.
Flots. Net Net Net
Stalks | Gross ot | Staiks | GRO38 et | Stalks | GFO% o
weight | weight weight | weight weight | weight
.| DT 8CTe:| por acre.| per a,gcre. Dber acre. pergcre. per acre,| POT 8€Te| por icre periﬁcre.
Pounds. | Pounds. Pounds. | Pounds. Pounds. | Pounds.
22,000 | 23,500 | .17, 20,000 | 15,000 | 12, 23,000 |~ 82,000 | 27,500
27,000 29, 500 21,500 21,000 10,000 7,500 18, 000 27,500 21,500
15, 000 , 000 17, 18,000 7,500 6,000 27,000 29, 0600 21,000
21,000 86,000 26, 500 18,000 12,500 9,000 23,000 20, 000 14,000
24,000 37,000 27,000 18,000 6,000 4,500 21,000 22,500 16,500
25,000 32, 24,500 Jeeeeeenaaafeneaaacanafeacaasaeas 21,000 24,000 16,500
21,000 25, 500 19,000 |ieia ceeeefeccasacansfoanaaaaaas 17,000 21,500 15,000
23,000 3 19,500 |eoilveeeefeaieiranaa]acacaanas 20, 000 22,000 15,000
Early Orange. Improved Orange. Red Liberian.

Gross Net ‘ Gross Net Gross | Net
Stalks weight | weight Stalks ) Stalks . )
| per acre.| per acre.

il el

EXPERIMENTS AT THE MISSISSIPPI AGRICULTURAL EXPERI-
MENT STATION, STARKVILLE, MISSISSIPPL

. Quite a number of the seed heads selected at the Sterling station
in 1889 were sent to the director of the Mississippi Agricultural Ex-
periment Station, Prof. 8. M. Tracy, with the request that he co-
operate with the Department in testing the value of the different
varieties sent in the soil and climate of Mississippi. The cultivg-
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tion of the samples ‘was undertaken solely at the expense of the
Mississippi station, and in the analyses the Department of Agricul-
ture furnished only the hand mill which was used in expressing the
juice from the canes.. The analyses were made by Mr. I.. G. Patter-
son, the chemist of the experiment station. A review of the ana-
lytical data obtained strongly illustrates the statement which has
already been made that the production of a superior variety of cane
by selection in one locality will not always insure the development
of similar canes from seegs which are p}lranted at a great distance
from the original station, where the conditions of soil and climate
are quite unlike thoge under which the standard variety of cane has
been developed.

In a variety of Red Liberian No. 137, coming from a cane whose
juice showed a content of total solids equal to 19 per cent, analyses
were made at the Starkville station beginning September 1 and run-
ning to September 10, in which the content of sucrose in the juice of
the cane varied from nothing to 4.9 per cent, while the glucose
varied from 5 to 7.45 per cent. The mean numbers were sucrose 3.0
per cent; glucose 6.07 per cent. It seems hardly possible that a
selected seed head could deteriorate so rapidly in being removed toa
different locality. Analyses were continued with this variety planted
from a seed head from plot No. 138 of the 1889 Sterling number, show-
ing 18° Brix; No. 125 with a sucrose content of 15.04 per cent;
No. 185, showing 18° Brix and No. 125 bis with 14.81 per cent of su-
crose. These experiments were continued from September 1 to Qcto-
ber 2, but in no case was the result comparable with the character
of the parent cane. The percentage of glucose was almost uniformlg
higher than that of sucrose, and the result of the experiments wit
this series of selected seed heads was a record of most remarkable
deteriorations. In several cases the polariscope failed to reveal any
sucrose whatever present in the juices of the cane.

The mean percentages obtained in the juice were as follows:

Plot No.  [Totalsolids.| Sucrose. | Glucose.

Percent. | Per cent. | Per eent.
188, 0iian 4.8 4.6
125, .000ae 12.2 4.2 47
185.....en. 11.8 4.3 4.8
125 bis .. 14.1 6.0 4.8

Experiments were also made with selected seed heads from the Un-
. dendebule variety of cane selected at Sterling last year and of the fol-
lowing descriptions; Plot No. 297 of 18° Brix; No. 31 of 21° Brix; No,
31 of 20° Brix; No. 254 of 15.53 per cent sucrose. These analyses
were commenced on the 2d of October and continued until the 4th of
October. In many cases good results were obtained, bus in no cage
was the parent cane excelled. With stalks produced from seed head
plot No. 254, analyzed on the 3d of October, the sample was found
to contain 15.2 per cent of sucrose and 0.54 per cent of glucose, and
showing 20° Brix. - Many of the other analyses showed fairly good
gerce_nta.ggs, but the mean of all of them would indicate a general |
eterioration in the most marked degree from the parent canes, Seed
head from plot 31, 21° Brix, ig a partial exception, ‘
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The mean results follow:

Plot No. [Totalsolids.| Sucrose. [ Glucose.

Per cent. | Per cent. | Per cent.
12.0 6.4 1.

W7 2, 7
Bliciieaais 18.3 13.1 1.4
81bis ..... 11 6.7 2.0
Bi....... 15.6 10.5 1.3

Analyses of the variety Rio Blanco were made on Qctober 4. The
samples were taken from canes grown from seed-head from plot 107, -
of 21° Brix, and from seed head plot 107, of 20° Brix. The results here
also showed the most remarkable deterioration. In no case did the
Brix of the samples grown equal that of the parent cane.

The means were as follows:

Plot No. [Totalsolids.

Sucrose, ! Glucose.

Per cent. | Per cent. | Per cent.
107........ 18.3 7.8 3.8
107 bis ... 15.2 9.2 8.5

Experiments were also made with the India and Orange varieties
from Sterling, plot 289 of 1889, showing 21° Brix, and from selected
seed head 14.175 of India and Orange, showing a sucrose content of
16.42 per cent, the experiments having been made on the 4th and 6th
of October. In these cases, also, there was a marked deterioration.
In the case of the canes developed from seed head No. 14,175, the
highest percentage of sucrose reached was 13, with a glucose content
of 1.73 per cent and 18° Brix. - This was on the 6th of October. The
lowest sucrose content was 4.2 per cent. The average is far below
the percentage of sucrose in the original cane, which as hefore stated
was 16.42. Means

Plot No. [Totalsolids. Sucrose. * Glucose.

Per cent. | Per cent. | Per cent.
........ 14.7 9.6 29

28 3 . 3
14,175..... 15.9 10.1 2.8

Experiments made with a variety of Honduras, grown from seed
head 12,677, with a sucrose content of 16.72 per cent, showed the same
reversion, only in a much more marked degree.

Experiments with Sorghum Bicolor, seed head No. 13,799, with a
sucrose content of 13.25 per cent, also failed to develop as rich a cane
as the parent, the highest percentage of sucrose found being 12.2,
with a percentage of glucose of 0.83.

Mea;n resulls.

Plot No. [Totalsolds.| Sucrose. ] Glucose.

Per cent. | Per cent.
14.3 8.4

Per cent.
1.1
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Experiments were made on the 11th of October with Link’s Hybrid
variety, from plot 194, seed head 11,586, with a sucrose content of
16.01 per cent. The results also were very poor, the highest sucrose

content obtained being 10.3 per cent.

Mean results.

I Plot No. [Totalsolids.| Sucrose. | Glucose.

Per cent, | Per cent. | Per cent,
14.7 7.6 4.3

14

Red Liberian, examined on the 11th of October, from seed-head No.
13,631, showing a sucrose content of 13.52 per cent, gave somewhat
better results than the same variety examined earlier in the season,
the highest sucrose found being 11 per cent. From the same variety,
seed head 13,655, showing 13.97 per cent sucrose, the results were
poorer, the highest sucrose content found being 9.1 per cent. .

The means were: : )

Plot No. [Totalsolids., Sucrose. ’ Glucose,

" Per cent. | Per cent. | Per cent.
18,631, 14.4 8.5 1.9
13,655. ..., 13.7 6.2 4.5

From a cross of Amber and Orange, sced head 13,927 having a sugar
content of 16.85 per cent, much better results were obtained. The
examination was made on the 17th of October. The percentages of
sucrose obtained in the samples examined on that day were as follows:
15.1,13.6, 14.2, 11.9, 13.5, 13.5, 11.9, 14.1, 13.7, and 12.9.

The percentages of glucose in all except three instances fell below
1, while the purities were very high. This sample appears to have
given the best and most uniform results of any examined during the
season.

The mean data are:

Plot No. [Totalsolids.| Sucrose. ! Glucose.
Per cent, | Per cent. | Per cent,
13,927..... 17.6 12.5 0.75

On the 18th of October analyses were madeof Link’s Hybrid again
from seed head 11,491, showing a sucrose content of 16.69 per cent, the
results being also favorable. The percentages of sucrose were 13.8,
15,12.6, 13.4, and 14.3, the giucose averaging about 1per cent, and the
purity being high. Analyses of the same %ot, continued on the 20th
of October, showed results equally good. The means for the two days
are:

Plot No. {Totalsolids. Sucrose. Glueosé.

Per eent. | Per cent. | Per cent,
11,401..... 18.4 13.6 1.2

Samples of Link’s Hybrid, from seed head 13,897 with a sucrose
content of 15.66 per cent, analyzed on the 20th of October, gave less
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favorable results, the highest sucrose conteut found being 14.5 per
cent, and the lowest 8.8 per cent. Samples from another p ot, grown
from seed head 11,558, showing a sucrose content of 16.21 per cent,
gave still less favorable results, and the same is true of another plot
grown from seed heads Nos. 13,379 and 11,585. The means are:

Plot No.

Totalsolids.| Sucrose. l Glucose,

Per cent, | Per cent. | Per cent.

13,897..... 1.0 11.6 1.5
11,568. ..., 15.0 9.6 . 1.8
13,379..... 15.1 9.5 2.4

Red Liberian examined later in the season, namely, on October 29,
still showed the sameextremely poor characteristics as were mani-
fested in the earlier gjart of the season, with the exception of canes
%r,own from seed head|from plot 127, showing 19°.5 Brix. The means

rom this plot were: . ‘

Plot ﬁo. Totalsolids.| Sucrose. | Glucose.

. Per cenf. | Percent. | Percent.
127 aaen.. 19.5 14.6 1.2

J

The analyses were completed on the 31st of October by the exam-
ination of a sample of a cross of Amber and Orange from seed head
No. 12,142 with a sucrose content of 17.99 per cent. Inthethree sam-
ples examined the sucrose was 15.0, 12.5, and 13.8 per cent, and the

lucose 1.01, 2.17, and 1.72 per cent, and the Brix 19°.5, 18°.0, and 18°.0.
eans: ‘

Plot No. {Totalsolids.| Sucrose. | Glucose.

Per cent. | Per cent. | Per cent.
12,142..... 18.5 13.8 2.0

The full discussion of the details of these analyses will be reserved
for Balletin No. 29. In general, however, it may be said that the
Red Liberian, which has done fairly well in Kansas, was a total fail-

~ure in Mississippi with the exception of one plot. The same is true
but in a less degree of the Undendebule, although some analyses of
this last variety were quite favorable, but the average of them all
will show a much lower percentage of sucrose than in Kansas. Rio
Blanco, which is a kind of Orange cane, also did very Boorly in Mis-
sissippi, and the same is true of the cross of India and Orange, The
Honduras in Mississippi as elsewhere has shown itself t0 be a worth-
less cane for sugar purposes. Sorghum Bicolor also did poorly in
Mississippi. The best results obtained were from the cross of Amber
-and Orange, the one plot of Red Liberian, and ‘Undendebule from plot
254, seed head 13,336, of which the mean analyses showed:

‘

Plot No. (Totalsolids.| Sucrose. | Glucose.

Per cent, | Per cent.
14.8 0.57

Per cent,
< SRR 18.7
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This brief review of the data obtained at the Mississippi station
tends to show that if sorghum sugar culture is to become a success
in that locality it will ‘be quite necessary that a line of experiments
in seed selection should be carried on similar to those which have
produced such excellent results in Kansas. There is every reason
to believe that by the pursuit of the same policy all the standard
varieties of cane might be developed which would be as suitable to
the soil and climate of Mississippi as those which have been devel-
oped in Kansas are to the meteorological conditions of that locality.
Still, it must not be forgotten that the general tendency of the
researches of the Department has been to show that sorghum does
better in a semi-arid locality, and that therefore we ought not to
expect as hi%h a development in sugar-producing qualities in Missis- -
sippi as can be obtained in more arid regions,

BEXPERIMENTS WITH SUGAR BEETS.

From Mr. Henry T. Oxnard, the Department purchased 3 tons of
sugar beet seed, of which the greater portion was the variety known
as the Kleinwanzlebner, grown by Dippe Brothers, of Quedlinburg.
In addition to this, however, smaller quantities of the White Im-
proved Vilmorin were purchased, together with the varieties of beets

rown by Lemaire and Florimond and Bulteau Desprez. These dif-

erent varieties were put in 1 pound packages and sent. to over one
thousand different persons, mostly to those who had made special
inquiry for them.  Accompanying these packages were directions
for preparing the soil and planting and cultivating the beets. Later
directions were sent for harvesting and sampling the beets and for
sending samples to the Department for analysis. Nearly one thou-
sand different samples of beets were received by the Department, of
which the analyses were made and the results communicated to the
farmers sending them. -In addition to this work a large number of
the beet plots was personally inspected by agents of the Depart-
ment, and particular inquiry was directed to a large number of
farmers in regard to the methods of cultivation which they had
pursued. Only in a few instances were the directions of the Depart-
ment followed out to the letter. In most cases the planting and
cultivation of the beet seed were conducted according to such
methods as the agriculturist might hit upon at the time.

From the information gathered, it was found that the chief varia-
tion from the instructions was in the preparation of the soil. In
very few cases was a subsoil plow used and most of the beets which
were sent to the Department were evidently grown in soil of insuffi-
cient: depth. . In some cases where the exact directions for cultivation
were-carried out the character of the beets received showed by con-
trast with the others the absolute necessity of employing the best
methods of agriculture for their production. It was not thought best
tite first year to make any effort to obtain from the farmers the exact
yield of their beets per acre. The difficulty of securing such infor-
mation is almost insurmountable. In the first place the amount of
land- under cultivation is usually guessed at and in very few cases
are exact meagsurements made. The results, therefore, at best are
only estimates unless the absolute control of measurements and weights
can be secured. It was thought:best, therefore, to depend for esti-
mates of yield upon the actual quality of the beets prod%ced, gince it
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is well known that about 40,000 beets of fair quality can be produced
upon an acre. It isthergfore fair to presume that the yield pe» acre
would be, within ordinary limits, the weight of the average beet sent
for analysis multiplied by 40,000. When, however, it is necessary
to sgeak of beets weighing from 2 poundsupward the rule no longer
holds good, as it would be evidently impracticable to grow 40,000
beets of such a size upon an acre. It is fair, however, to estimate the
{ield upon beete weighing about 1 pound at 40,000 per acre or 20 tons, -
- Itis not meant by thisthat a yield of 20 tons can be obtained by farms-
“ers at the beginuning, for this is not the case; it is only exceptionally
~ thatsuch a yield can be secured. When, however, the exact methods
of beet culture are thoroughly understood and the method of fertiliz-
ing and preparing the soil studied, it will not be difficult, with favor-
able climatic conditions, to secure a yield of beets equal to 20 tons
- per acre.

For the information of those who might desire hereafter to enter

upon the cultivation of the beet, the following brief summary of the’
‘methods of preparation of the soil, fertilization and cultivation is
given: ‘

The soil which is to be planted in beets, if fertilized with stall ma-
nure, should have a dressing of well rotted manure agplied in the
autumn and plowed under. . The plow should be placed at a depth
of 8 or 9 inches and should be followed with a subsoiler, which
should loosen the ground to the depth of 6 or 7 inches more, without
throwing the subsoil on top. The layer of stall manure would thus be
placed at a point about half way from the surface to the total depth
to which the soil is loosened. = If the stall manure bewell rotted when
applied the soil will be in excellent condition by spring for the re-
ception of the beets. The farmer can not be too strongly cautioned
against the application of the stall manure in the spring, nor against
its application in the autumn unless in the well rotted condition
mentioned above. There are many soils, in fact, in which the appli-
cation of the stall manure is not at all necessary, namely, those soils
which are rich in organic matter and those which have not been ex-
hausted by long years of cultivation.

In regard to artificial fertilizers, the standards for the sugar beet,
of course, are those containing phosphoric acid, potash, and nitrogen.
The amount of nitrogen applied in artificial fertilizers, however,
should be the minimum necessary for the production of a good vege-
tation. Any additional amount of nitrogen in excess of this quantity
tends to produce a larger beet at the expense of its sugar content, and
is to this extent injurious.

Phosphoric acid is usually employed in the form of superphos-
phates which are easily soluble by the growing crop.

Potash salts of organic origin have proved themselves to be the
best ; those which come from the beet-sugar factory itself being, of
course, best suited for the nourishment of the succeeding crop.. The
potash and phosphoric acid in wood ashes also act with excellent
effect. Inorganic potash salts produce a good effect when the soil'is
deficient therein. Of these inorganic salts kainite and high-grade
sulphate are generally employed. :

he artificial fertilizers may be applied in the spring if they are
thoroughly plowed under by stirring the surface of the soil with an
appropriate cultivator. - The potash salts, however, should rather be
applied in the autumn, inasmuch as it is important that they should
be buried as deeply as possible in the soil. :



REPORT OF THE CHEMIST. \ 169

For a full discussion of the principles of fertilization reference
must be made to Bulletin No. 27 of the Chemical Division.

Planting.—The beet seed should be planted in rows about 18 inches
apart. In very fertile soils the rows are sometimes placed only 16
inches apart. These rows should be made as straight as possible, and
the beets are best planted in a small way by aliand drill and onalarge
scalebya horsedrill. 'Whenahorsedrill is used two or more rows can
be planted at once. - The rows when the contour of the soil permits
are better made north and south than east and west, although this is
a matter of no very great importance. It is highly important, how-
ever, that they should be perfectly straight, so that the beets will not
be injured during cultivation. In some localities it is customary to
keep the beet seeds in a moist and warm condition for about forty-

. eight hours before é)lanting them ; they are thus quite ready to ger-
minate when placed in the soil. This 18 a perfectly safe process if,
at the time the beets are planted, the soil is moist and warm enou%h
to continue the germinating process, but if, on the other hand, the
goil should be too cold or too dry, then this previous maceration of
the seed might prove injurious to its vitality. :

The surface of the soil in which the beets are planted should be,
immediately previous te the planting, thorougth stirred and loos-
ened to the depth of 2 or 3inches, and all clods should be broken and
the surface left comparatively smooth. Much of the cultivation of
the beets may be secured before their planting by having the soil in
perfect tilth. The thorough plowing and harrowing of the surface
just before planting destroys all the weeds which may have ger-
minated, and thus leaves the beets a fair chance with the weeds in the
race for life. '

It is highly important that the beet seed should be planted very
thick, much thicker, in fact, than would be required if they should
all germinate. The policy, however, of planting the beet seed . just
where the beets are expected to grow, and in no greater quantities, -
would prove most disastrous, since at the best many of the seeds do
not germinate, and thus there would be left long  distances where
no beets would grow. The very best growers of beets use about 15
pounds of seed per acre, although if the seeds were all good prob-
ably 3 or 4 pounds might be amply sufficient to obtain a good stand.
The advice, therefore, is given to farmers to plant about 10 to 15
pounds per acre, since a little additional expense for seed will be
more than compensated for in the uniform stand obtained. The'
beets should be covered to a uniform depth of about 1 inch. If
they are planted much deeper than this it may be difficult for the
tender plantlet to reach the surface; if at a less depth dry weather
»su%e;rvening may prevent their germination. :

hen the beets are fully above ground the spaces between the
rows may be thoroughly stirred by the horse hoe, furnished with
ghields, described in Bulletin No. 27. These shields prevent the
young plant from being covered, while the hoe thoroughly stirs the
S0il between the rows and kills ail sprouting weeds. = As soon as the
~ beets begin to show three or four leaves the process of thinning
should take place. Thismay be donealtogether by the hand and hoe,
or partly by a horse hoe. A very common method, when the stand
is very thick, is to cross the rows with a slender horse hoe, which
will take out about 6 inches of each row and leave about 4 inches
untouched. - The most healthy beet remaining in the 4-inch piece is
left, while all the others are carefully taken out by the hand or hand
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hoe. This willleave one beet for every 10 inches, which is quite thin
enough. In fact, an effort should be made to have a beet every 9
inches in the row in rich soils, while in very poor soils the distance
may be left at 10 to 12 inches. In very rich soils it may be brought -
down aslow as 8 inches. This thinning process is the most labori-
ous and expensive of all the processes in beet culture, but is'abso-
lutely necessary to secure a good crop. ’

The surface cultivation can be ecarried on almost exclusively by
horse power, and the ground should be thoroughly stirred between
the rows and to a considerable depth at least once a week until the
foliage of the beet begins to cover pretty thoroughly the spaces be-
tween the rows. If the cultivationof the beet begins about the 20th
of May it should continue at least until the 1st of July, and in some
instances for a longer time. The more attention which is paid to
cultivation the larger will be the yield, other things being equal.

It is highly important that beet growers should realize the im-
mense amount of labor which is necessary to produce a good beet
crop. Farmers who are accustomed to growing maize and wheat are
apt to think that beets can be grown over large areas much the same
way, while, in point of fact, it requires as much labor to grow 10
acres of beets as it would 100 acres of maize. Mistakes are thus
often made by beginners in attempting to grow more beets than the
can attend to, with resulting failure. Al% farmers not accustome
to grow beets should begin with small quantities, and when the art
has once been learned they will be able to estimate the area which
they can successfully cultivate.

STATUS OF THE MANUFACTURING INDUSTRY OF BEET SUGAR IN\
THE UNITED STATES.

The readers of the agricultural reports are well aware, from what
has already been published, of the fact that a beet-sugar factory has
been in operation in Alvarado, California, for more than ten years.
This factory has proved quite successful and the culture and manu-
facture of the sugar beet is now an established industry in that local-
ity. For three years another large factory has been in operation at

atsonville, California, and from reports, which are accessible to
the Department, this has also proved to be successful. Last year a.
large sugar factory was built at Grand Island, and as far as manu-
facturing operations are concerned was completely successful. This
factory contains the latest and best forms of machinery suitable to
the production of beet sugar and was built and operated upon the
most approved plans of sugar technical engineering.

The beets which were brought in for manufacture were uniformly’
of a high character, as will be seen from a discussion of the analyti-
cal data relating thereto further on. The data of manufacture,
however, are not accessible to the Department, the factory being

urely a private corporation and not feeling disposed to furnish the

epartment with an itemized account of expenditures and receipts.
From the best information accessible tous, however, it appears that
about 5,000 tons of beets were received for manufacture and that the
amount of sugar made per ton of these bests was probably 240 pounds.
If the company should apply for the bounty given b% the State of
Nebraska, which is 1 cent a pound, it would be possible to give the
exact amount from the report of the bounty paid. The Department, .

\
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however, is not in possession of any facts in regard to this matter
and hence only an estimate of the yield can be given.

By the-courtesy of the managers of the com angr the Department -
‘wag permitted to station:a chemist at Grand Isfa,n , ' who had charge
of the sampling of the beets as they came to the factory in wagons
or carloads.” Nearly three thousand analyses of samples were made
and the full tabulated reports of these analyses will be found in a
bulletin (No, 29) which will soon be issued on this subject, and a brief
discussion of them will be found elsewhere in this report.

The Eroprietors of the factory were 80 encouraged by the season’s
work that they have decided to erect another large factory at Nor-
folk, Nebraska, and work on this factory is now going on.

‘Manufacturing experiments, on a small scale, with sugar beets,
were also carried on during the season just past at Medicine Lodge,
Kansas. About 80 acres of beets in all were harvested for the
factory,; and a summary of the work done will be given in another
place and the details published in the bulletin above mentioned.

In general, the following remarks may be made concerning the
last season’s work in the %eet;sugar industry, from a commercial
point of view, in Nebraska and Kansas.

The summer in both localities was/exceptionally dry. ¥For this

- reason and on account of lack of knowledge among the farmers in
regard to the proper methods of raising beets the average crop was
ver% ghort. In Nebraska the exact tonnage can not be known, but
probably it would not average more than 2 or 3 tons of bests per

acre; in Kansas the average seems to have been somewhat higher.

In many cases farmers obtained 10 and even 15 tons of beets per

acre, showing that even in adverse conditions of season a reasonably
large crop may be harvested when all other conditions necessary to
the proper growth of the crop are attended to.

As might well be expected from the small yield, the farmers in
general were dissatisfied with the season’s work. It is not reason-
able to expect satisfaction from a crop of so low an average when
the labor of growing it is so great ; but while the farmers are dis-
satisfied it must be confessed that a great deal of this dissatisfaction
must be attribuited to their own lack of knowledge of the subject or
to their disinclination to put upon the beet fields the proper amount
of labor and culture at the proper time. . Instead of being therefore
deterred from continuing the production of sugar beets, it would
seem wiser on the part of the farmers to study carefully the meth-
ods of agriculture pursued by those who made a success of beet
culture, and to imitate those methods during the coming season.
. The fact should not be forgotten, however, that even with the poor
results obtained the beet crop was uniformly better than the average
of other crops in the same locality. . ’

It would be useless to hold out to the farmer the hope of financial
reward from a beet crop which would average only 3 tons per acre;
but if from this acre he could produce 10 to 15 tons of beets then
his venture - would prove financially successful. In order that the
manufacture of beet sugar should become an established commercial
success, the factories and the farmers must work in harmony.. The
method pursued in France and in Germany would probably be best
suited to bring about this result. In those countries the beet grow-
ers themselves are usually shareholders in the factories, and thus -
participate in the profits. + It is probable that the average dividend
of German and French beet-sugar factories would not fall much

]
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below 20 per cent net on the capital invested. The farmer, there-
fore, who has even a small interest in such a factory secures a hand-
some profit on his invested capital. At the same time he has a vote
in the board of directors and is personally interested in the success
of the factory. In many factories of Europe the stock is thus held
by the beet-growers. If, onthe other hand, the whole of the factory
be owned by the capitalists, then there is a cause for continual con-
flict between the interests of the farmer and the interests of the
manufacturer, although this conflict is perhaps more in'theory than
ractice. Even if the factory be ovvnec{J exclusively by the capital-
J1sts, it is to their interest to work in harmony with the farmers, in
order that they may secure a crop of sufficient magnitude to render
the operation of their factory profitable. )
It perhaps, however, would be unavoidable at the beginning of
the industry that a feeling of animosity should exist between the
beet-grower and the manufacturer. After a few years the prices
to be 1pa,id for beets, and. other arrangements with the farmers will
doubtiess be adjusted on a scale of equity and satisfaction to all
concerned. In case farmers have no money to put into beet-sugar
factories they might take shares of stock and pay for them with.
beets during the first and second years; in this way they would
secure a financial interest in the company, own their shares of stock,
and pay for them from the proceeds of the field without investing
in ready cash. By adopting some such plan as this it might be
gossible to get every beet-grower within reach of the factory to
ecome interested as a stockholder. :

ANALYTICAL DATA COLLECTED FROM VARIOUS LOCALITIES WHERE
BEETS WERE GROWN FROM SEED FURNISHED BY THE DEPARTMENT. /

-

The samples of beets which were sent to the Department in re-
s%)bnse to the request already noted were immediately analyzed and
the results of the analyses communicated to the growers of the beets.
These data have been tabulated by States and by counties in States,
and will be printed in detail in Bulletin No. 29 of the Chemical Divi-
_ sion. Returns were received from a great many States, but prineci-
pally from Nebraska and Minnesota. A brief summary of the results
obtained follows: »

Two samples were sent from Missouri, from Bates County. These
were of poor quality, containing only 8.4 per cent of sugar, with a
'purity of 66.8. The beets, however, were of good size, averaging 600
grams (100 grams are equivalentto 3.53 ounces). Two samples of beets
were received from Texas, Scurry County. These beets were of bet-
ter quality than those from Missouri, containing 10 per cent of sugar,
with a purity of 69.3. They were, however, very much too large for
first-class sugar beets, averaging 1072 gramsin weight. One sample
of beets was received from Idaho, from Ada County. This sample
contained 8 per cent of sugar, with a purity of 68.3, while the beets
were extremely small, averaging only 100 grams. = Six samples were
received from IassaCimsetts, five from Hampshire County, contain-
ing 11.2 per cent sugar, with a purity of 82.8, the average weight of
the beets being 468 grams, and one from Suffolk County, containing
16 per cent of sugar, with a purity of 82.8, and weighing 350 grams.
Four samples of beets were received from California, Los Angeles
County.” These contained an average of 14.7 per cent sugar, with a
purity of 84.6 and a mean weight of 382 grams, .
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1n order to secure brevity the data obtained for the other States

and the localitiés where the beets were grown have been compiled in
the following tables: ’
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Connecticut : Kansas—Continued.
Litchfleld............ 21 9.7 | 78.1 400 Clay coeevirniinnennns 4 9.3 | €7.6 611
Maryland : Douglas 2 8.4 16511 1,175
Pricce George's..... 811|123 | 79.7 416 Hamilton.. 2| 12.6}76.8 750
Oregon : Johnson . 2] 12.4 | 68.4 1 295
Jackson ....oiiaie. 21151 | 73.4 560 Lyon .... 2 4.4 1 50.6 | 2,428
Washington : Saline ... 2 7.9 1632 889
Lewis ...o.eeidieeedd 17152 | 84.2 450 Stafford ............. 11 1.5 7.2 548
Virginia : . Iowa: .
Augusta ....ooooee.. 19 | 11.4 | 76.3 415 Audubon .........0i.] 11 107 74.9 535
Loudoun ............ 21 5.4 |53.7 480 Black Hawk. . 6} 12.8}7%8.2 578
Pennsylvania : Carroll ...... 6 12.8178.2 57
Dauphin............. 2 84 |76.711,209 Cherokes .. 21 10.4 1 68.2 474
Lancaster........... 71 7.5 | 72.8 566 Fayette... 21 1134 75.7 750
Fhiladelphia .... .... 1}10.04 | 75.2 | 1,225 Harrison 2] 10.8 1 73.11 1,013
yoming : Page.. 1§ 11.1 ) 72.6 | 668
Carbon.............. 2123 | 78.8]1,213 Polk .. 2 8.0 | 56.0 855
Crock .ooeveneencnnes 1116.83 | ..... 260 Sioux.. 31 11.6 |.72.7 788
Laramie .... ........ 2|17.3 | 84.8 508 i} ‘Webster. .. 41 14.4 | 84.8 560
Ilnois : Woodbury........ o 2 9.7 | 67.0 628
Kendall........ ..... 1 6.5 | 64.8 Michigan :

(11 1110.2 | 71.8 1,368 Cllnton ............. 2] 11.5|77.2 763
Platd .........oiiee 1| 6.1 |-61.0 685 Eaton 2 91 j...... 187
Will Joiviiiiinninins 41119 {75 830 Gratiot 4] 12.3 {75.7 | 1,01

New York: ) Huron 1] 11,1747 )1,
Genesee .......ouuues 3]12.2 |79 1,782 Ingham 1} 12.5 | 76.8 | 1,515
Oneida .... ..ovuees 2| 11.1 |78 4 lonia 21 15.2|82.9 415
Warren............. L2 13.8 | 84, 643 Lenawee 2! 8.0 .51 2,193
YateS..ooeeeriennanns 3 11.4 | 71, 470 Macomb. . 2| 15.4|87.5 693

‘Wisconsin : Muskegon . 11 | 12.2 | 80.9 648
Calumet..........nee 3[11.9 |81 705 Saginaw... 21 129 82.0 3
Kewaunee........... 2113.5 |79, 632 St. Clair . 1] 10.0 | 71.5 | 1,660
Ozaukee..... ....... 21127 | 81, 505 || Indiana :

Vernon...ooeveennnss 313.8 | 8l 493 Benton ~19 | 12.0 [ 80.0 697
61 1.4, 71.9 625
9.2 | 76. 1 18.1}78.9 430 .
8.8 |7l 1 5.3 | 58.9 | 1,840
12.4 | 80. 5 8.6 | 70.3 701
12.3 | 6. 2} 18.4 7.9 303
9.6 | 7. 21 10.2 | 69.7 506
6.2 | 67. 2 6.9 | 51.8 718
1! 10.6 ] 82.6 780
1]13.00 | 74. 1} 13.2 1 70.5 600
7| 14.00 | 83. 6 9.8 | 65.6 548
1| 14.40 | 8s. 2 7.7 | 64.4 953
31 12.90} 71. 21 10.0 | 71.7 543
5| 9.80 68. 1| 10.5.| 75.7 432
6 | 12.80 | 79. 2 8.3 | 64.6 603
2 9.90 ¢ 65. 3 8.2 68.3 543
2] 9.90) 69.
10 | '12.6 | 76.7 14
Brookings 7| 14.4 | 84. 3! 12.2 1 73.7 1,410
Brown.. 1116.8 |80. 8! 10.5 | 4.1 Bivd
Davison 2| 12.6 |72 2 8.568.1/1,158
Grant . 1(11.0 |73 4| 110} 711 951
Hyde..... 4113.0 |78 5| 12.9 | 79.9 923
Kingsbury 21105 {71 2| 13.0  75.2 765
Meade .... 21141 | M. 21 12.367.7 898
McCook 2110.6 | 76. 2 14.681.1 367

North Dakota 2 9.8 ] 64.6 873
Burleigh.. 11}10.4 | 70. 2| 11.4 | 74.6 820
Cass.... 5113.0 | 75. 6] 109 | 71.1 685
Dickey 2l 11.0 | 70. 6| 12.4 | 7.8 1,216
Morton . 1113.8 |73, 11 13.0 | 80.6 510
Nelson.. 1!13.6 | 74. 31 10.0{70.5} 1,623
Ransom 41103 |71 2| 10.81%73.2 508
Sargent. 212.8 ... 2] 12.3173.2 1,343
Btutsman 11125 | 7. 21 14.9 1 78.2 490
Traill ... 71147 | 76. 1 8.5 66.9 40

Kansas : . 7] 1.2 1735 889
Barber 3 (14.7 | 80. 2| 10.9 | 3.7 943
Bourbon 3] 9.3 |7 2] 11.0 | 75.0 525
Butler...... 1] 97 1% 51 15.218.41 415
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Minnegota—Continued. Nebraska—Continued.
let 13.0{75.6 | 612 Hall c.oveeenrneeannes 2! 16.1]88.8| 428
13.1 | 76.4 | 1,268 Hamilbon............ 2| 13.81...... 235
1.0 | 71.0 | 1,154 Harlan ..cocoveeeenn. 4 10.7168.8[ 828
10.6 | 81.0.| 830 FO8 e reranenan 3| 14.2)7.5] 918
13.5 179.3 | 8% Hitchcock 4] 14.0173.0] 464
9.3 1.67.61 1,043 Holt..... 17} 185 |78.9 7
17.0 | 76.3 | 708 1| 11.9 | 79.61 810
9.8 {7.0| 28 7] 1L.8172.4] 434 -
10.6 | 76.4 | 1,108 3| 20.2 ) 76.1] 224
14.6 | 80.6 | 447 1} 10.8 |70.4| 2R
10.0 | 71.4 | 910 5] 10.7 7.4 @88
9] 12.5}75.0( 613
29! 125|147 419 2| 9.6]660 | 6
3| 1.4(7.4]| 612 5 116|747 528
2] 12.6 176.3|. 580 2] 12.4176.2( 238
36| 10.1169.2 | 550 4] 8.5|6r.4] 347
6] 12.2 7.6 666 41 127.{80.5| 603
1| 10.1}62.7) 350 71 124|749 857
2] 127689 245 5| 12.4070.2| 805
8] 1L.77.8| 708 1] 10.9 | 75.2| 565
2| 89(60.5| 530 4| 10.0.768.3| 369
71 1.8{7L.31 661 3] 10.968.4| &3
2| 10.4 | 690.8 | 692 2| 81{61.2]| 940
4] 7.0{58.21 5% 5{ 9.8)65.4] 733
8] 12.7|73.3{ 258 1| 14.4 881 400
2| 10.5|%8.3| 670 2| 7.8 60.1| 485 .
L1 1881 . .. 248 4 13.1|75.81 559
2| 148883 600 1] =7 833] 333
1} 10.016r.7 | 1,565 21 1.2 (7.3 450
. 5] 11.6 | 68.7| 677 9| 11.2|69.8 | 503
Frontier............. 71 12.8 | 74.4 | 531 TRAYET «veetvueeaness 13 14.6 |78 632
Furnas.............. 5| 12.776.0| 454 2| 10.669.7] 503
GBE® cvovrernneennnnn 6] 9.4)636] 721 2! 90|78} 413
6| 15.4|74.8| 533 9| 12,9 |72.4] 443

Garfield .............

In the above summary of the beets sent from Nebraska are not in-
cluded those which were examined at the Grand Island Sugar Fac-
tory under the direction of the Chemical Division, but only those
which were sent directly to the Department at Washington for ex-
amination. In addition to these two sets of analyses large numbers
of samples were examined in the laboratory of the Agricultural Ex-
periment Stations at Lincoln and Madison, Wisconsin. -

In a critical study of the summary given above there are many
points of interest, a few of which only can be given here, while the
others will be given at %reater extentin Bulletin No. 29. In judging
of the character of a beet for sugar-making purposes three factors
must be taken into consideration. First of all, the beet must be large
enough to make its growth profitable to the farmer. Experience has
gshown that a beet which weighs about 500 grams, that is, a little over
1 pound, is best suited to secure the interests of both the farmer and
the manufacturer. Therefore, in all cases attempts.should be made
to grow beets as uniformly as possible of that weight. Havingonce
established the average weight of the beet, the next point to be con- -
sidered is its content in sugar. In the data given the percentage of
sugar is reckoned on the weight of the beet itself and not upon the
extracted juice. ®Sugar beets contain on an average about 5 per cent
of marc and 95 per cent of juice. Therefore if the analysis is made
upon extracted juice, the number obtained must be multiplied by 0.95
to give the percentage of sugar in the beet.

he question may arise as to how poor a beet can be in sugar and
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still be profitable for sugar making. This of course is a question
~ which has to be determined by a comparison with many economic
roblems, the study of which can not be introduced at the present
‘time. In general, however, it may be said that the limit of profitin
manufacture will be reached when the percentage of sugar in the beet
drops to 12, although it is possible under certain conditions for fac-
tories to work economically and profitably on beets having a lower
percentage of sugar than that indicated. '

With the present degree of perfection in the production of rich
sugar-beet seed, and with the knowledge of the scientific principles
of agriculture which should guide the %eet grower, it is possible, I
think, to show that beets can be produced, under favorable soil and
climatic conditions, which will contain on an average 14 per cent

- of sugar. The farmer, therefore, should not be satisfied if his results
fall below this standard.

It will be easy to see by comparing the averages given in the above
table how many of the beet growers have succeeded in growing
plants which will average 500 grams in weight and contain 14 per
cent of sugar. \

In addition to these two factors, however, a third must be taken
into consideration, namely, the purity of the juice. By the purity
of the juice, or, asit is expressed in the table, the coefficient of purity,
is meant the percentage of pure crystallizable sugar in the solid
bodies present in the juice. ~For instance, if in 100 parts of solids
there are 80 parts of pure crystallizable sugar, the coefficient of purity
of that juice is said to be 80. The number 80 may be taken as a fair
average which should be attained in this country. Intheolder beet-
growing countries a much higher degree of purity can be obtained
than this. The degree of purity of the juice is influenced chiefly by
the amount of salts represented by the ash obtained on the ignition of
the sample. In soils highly impregnated with mineral substances,
such as are often found in our western States, the percentage of ash
will befound very high, and there will be a corresponding depression
of the g)urity coefficient. Inlands, however, which have been long cul-
tivated and scientifically treated from an agricultural point of view,
the percentage of ash in the beet will be diminished and the purity
coeﬁcient correspondingly raised. The ash of the beet consists
largely of phosphoric acid and potash, and these two substances are
essential to the proper growth of the beet. It is therefore not ex-

ected that the ash of the beet shall be reduced below a certain con-
ent, otherwise thegrowth and maturity of the plant will be retarded.
It will not be ¥ossible in the space which is at our disposal here to
discuss each of the series of data obtained by these analyses, but the
above remarks are made for the purpose of enabling anyone who is
_interested in any particula,r series “or analysis to discuss it intelli-
gently and determine from the numbers given the value of the beets
produced for sugar-making purposes. At the present time, for the
purpose of fixing a standard of comparison, I would say that the typi-
cal sugar beet for sugar-making purposes should weigh 500 grams,
contain 14 per cent of sugar, and have a purity of at least 80. 'With
such raw material at his disposal in sufficient quantity, the manu-
facturer can not fail of success, provided he be supplied with the
latest and most improved forms OF machinery. .
It may also be of interest in connection with the data above given
to discuss some of the particular qualities of the beet separately. In
general the mistake is made by those not acquainted with the pringci-



176 EEPORT OF THE SECBETARY OF AGRICULTURE.

ples of the growth of the sugar beet and manufacture of beet sugar
of judging of the possibilities of success by the percentage of sucrose
in the beet alone. The danger of relying solely upon this constituent
~ of the beet is at once manifest from the considerations above men-
tioned. Nevertheless as it is often done, I have collected into
tabular form from the analyses given above all of the results
showing from 15 to 18 per cent of sugar in the juice, In an-
other table have been collected all the analyses in which more
than 18 per cent of sugar was found. In the case of Minnesota 3
samples of beets were found in which the percentage of sugar was
more than 18; in the State of Indiana, 1 sample; in Towa, 1; in
North Dakota, 4; in Maryland, 5; in Colorado, 1; in Wyom-
ing, 1; in Nebraska, 18. Of beets showing a percentage of sugar
from 15 to 18 in the juice, the following numbers of samples were
found: In Illinois, 3; in Minnesota,15; in Nebraska, 36; in Maryland,
8; in Iowa, 4; in Wyoming, 2; in Colorado, 9; in North Dakota, 4;
in Massachusetts, 1; in Wisconsin, 2; in California, 2; in South Da-
kota, 6; in Michigan, 4; in Kansas, 8; in Washington, 1; in Oregon,
2; in Virginia, 2.

The production of beets containing from 15 to 18 per cent of
sugar is not unusual, and such bects may be regarded as strictly
normal in constitution, but possessing a particularly high content of
sugar. When, however, the content of sugar in the beet exceeds 18
per cent it must be regarded at the present time as sondething abnor-
mal and due to peculiar conditions affecting the particular locality,
or even the particular plant itself. Such beets are usually extremely
small in size; and the richness of their sugar content has been ac-
quired at the expense of normal growth.. In other cases the effect of -
a particularly dry season preceding the time of harvest or other very
peculiar conditions may affect the sugar content. In many other
cases, from the wilted condition in which the beets have been re-
ceéived, it must be admitted that a portion of the water which they
contained has dried out between the time of harvest and the time
of analysis, thus increasing the apparent percentage of sugar
in the beet. It will doubtless be possible hereafter, when the
beet has been more fully developed by careful selection, to pro-
duce beets normally which contain more than 18 per cent of sugar,
but to expect at the present time the production of such beets
on a large scale would be unreasonable, and such an expecta-
tion would not be realized. Even when we consider the other class,
namely, those containing in their juice from 15 to 18 per cent, we
must confess that it would be unwise to look for a production of
beets on a large scale containing so large a percentage of sugar.
In many of the cases of beets of this class the high-sugar content
must be ascribed primarily to some of the conditions mentioned for
the class above 18. ' ~ ' v

‘When, however, the tables are further studied and the remarkab}iy
. low percentages of sugar are noticed which were sometimes found,
it must be confessed that in these cases the abnormally low content
of the sugar is also due to the abnormal growth of the beet. In
some cases these beets are of great size, weighing 2,000 grams or
over, and to this extraordinary growth must be attributed to a cer-
tain extent the low content of sugar. In general, it has been found
that when beets exceed 500 grams in weight it is difficult to main-
tain their sugar content at a high standard. When, therefore, the
beets become greatly overgrown it is always accompanied with a



REPORT OF THE CHEMIST. ‘ 177

falling off in content of sugar. In the cases, however, of the small
beets, which have shown a low content of sugar, the result must
havp been due to defective conditions of soil and climate, or to de-
fective methods of planting and cultivation, or to premature
. harvesting.

‘When we consider the varying qualities of beets which have been
grown from the same seed, we are at once struck with the immense
importance of the factor of soil and climate and cultivation in the
%oduction of the sugar beet. The fact that the seed of the Klein

anzlebner variety of beet in the hands of different farmers will
show a variation of from 6 to nearly 20 per cent of sugar, it must be
confessed ‘that we have in soil and climatic conditions, and in
methods of cultivation, a more potent means of influencing the
sugar content of the beet than is found in the germ of the seed
itself. It can only be expected that a sugar-beet seed which is high
bred will be able to reproduceits kind when it has become fully accli-
mated and hasreceived in its new condition the same scientific treat-
ment and selection which it had in its original home. The great
hope, therefore, of uniform production of sugar beets high in sugar-

roducing power in the United States must be found in the estab-

ishment og) culture stations, where different varieties of beets can
become fully acclimated, and where they can receive the same careful
scientific culture and selection which have brought them up to their
pregent state of excellence in Europe.

CHARACTER OF BEETS DELIVERED TO THE GRAND ISLAND FAGTORY;

Through the courtesy of Mr. H. T. Oxnard the Department was
allowed to establish a laboratory at the sugar factory at Grand Island
for the purpose of obtaining information in regard to the character
of the beets entering into manufacture. In allabout three thousand
samples of beets were examined, a sample having been taken from
every wagonload and every carload of beets delivered to the fae-
tory. These sampleswere taken in such a way as to give as nearly as
possible the average character of all the beets worked. A large
number of beets was taken from each sample, and after they had been
properly cleaned and dried their average weight was taken. The beets
were then rasped, the juice expressed, and an analysis made on the
expressed juice. The total solid matter was determined by a specific-
gravity spindle, and the percentage of sucrose in the juice was esti-
mated by the polariscope. The purity coefficient was determined by
dividing the percentage of sucrose in the juice as indicated by the
gi)lariscope by the percentage of total solids as indicated by the spin-

e. C

Average weight of beets.—The average weight of all the beets ex-
amined was200 grams. This smallsizeof the beet was doubtless due
to the extremely dry season. The drought throughout the region
covered by the sugar-beet fields was the most severe perhaps that has
ever been known in the State of Nebraska. Ordinary crops such as
corn were almost total failures, and it is a matter of encouragement
to note|that in such a season the beets, although not making an aver-
age yield, yet did fairly well. On thewhole, however, it must be con-
fessed that the results from an agricultural point of view were disap-
pointing; butthis disappointment must be chiefly attributed to the
- exceptipnally severe drought already mentioned.

G 90—12
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It is also doubtless true that in the practice of the new system of
agriculture which is required for the proper production of sugar
beets many failures were made, and perhaps very few of the farmers
practiced that form of agriculture which was best suited to the goil
and the season. In a soil whichis apt to be dry as in Nebraska too
much attention can not be paid to the importance of loosening the
ground toa %ood depth. ]geep plowing followed by deep subsoiling,

ogether with such harrowing and other treatment of the surface as
will produce a perfect tilth, are absolutely essential to the production
ofa ﬁ)roﬁtable Crop. : .

The remarkably high percentage of sucrose shown in the juice ig
an evidence of the fact that the soil and climate of Nebraska are
favorable to the production of a beet rich in crystallizable sugar.
It must, however, not be forgotten that the extremely high percent-
age of suerose in the juice is probably a reciprocal of the small
gize of the beet due to the dry season. Had the season been favor-
able to the production of a beset of average size, with a tonnage of
from 15 to 20 per acre, the percentage of sucrose in the beets would
doubtless have been less. isis well illustrated in the data obtained
in the Department from the analysis of sugar beets sent from
Neobraska. It is evident from the character of the samples which
were received by the Department that the farmers have selected the
larger beets to be sent on for analysis. It is seen by comparison of
the respective sizes of the beets received for analysis by the Depart-
ment with those received for manufacture at Grand Island that the
beets sent on for analysis were about three times the size of those
manufactured into sugar. It will also be noticed that in the beets
received for analysis bz the Department the percentage of sucrose
is low ag compared with those which enteretf into manufacture at
Grand Island. It would therefore hardly be just to claim that beets
as rich as those manufactured at Grand %sland during the past sea-
son can be grown in quantities of from 15 to 20 tons per acre. It is
not a matter of surprise that many of the farmers who grew beets
are discouraged at the results of &m first year’s work. The plant-
ing and cultivation of the sugar beet as is well known are matters
which require great labor and expense, and when, therefore, an un-
favorable season cuts the crop very short, it is but natural that the
farmer should be discontented. It is, however, difficult to see how
he could have done better with any other crop, and the fact that in
many instances even with the present dry season the farmers of
Nebraska were able to grow 10 or even 15 tons per acre, shows that
with proper cultivation and proper attention in other ways to the
"growing crop the evils which attend a severe drought can be greatly
mitigated if not altogether avoided. It is not the purpose of the
Department to encourage farmers to engage in an industry which
does not give promise of success; but it will be a matter of regret
to every one who desires to see the success of the sugar industry if
the discontent which naturally attends a very unfavorable season
should be sufficient to deter farmers from continuing the cultivation
of a crop which under ordinary conditions promises so fair a yield
as sugar beets. It would be wiser on the part of the farmers to eon-
‘tinue the cultivation of the sugar beet until it has been demonstrated
at least that even with favoral:%le years it is not profitable. In that
case it would be perfectly justifiable in the farmers, of course, to
cease the cultivation of a crop which afforded no prospect of finan-
cial success. :
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E‘ EXPERIMENTS WITH SUGAR BEETS AT MEDICINE LODGE.

_ Iirl addition to the analyses and control of the sorghum sugar work
extensive examinations were made of the beets growing in the
locality of Medicine Lodge. ' :

The season was a peculiar one for beets. At the commencement
of the rains, on the 28th of August, the beets were scarcely at all
developed and were regarded as a total failure. After the rains
commenced the beets grew rapidly and continued to %row vigorously
through the months of SBeptember and October. About the middle
of November the harvesting of the beets was commenced and con-
tinued until December. At that time the beets had reached a fair
gize and developed a high content of sugar. Two hundred and sixty-
one wagonloads were brought to the factory and large samples
were taken from each of these loads and subjected to analysis. The
means of two hundred and sixty-one analyses follow : ‘

In the juice ‘
Total B0HAS. vt v tiiiirrireeerereriennnennns per cent.. 18,52
S 1T o do.... 15.12
1 81.04

Four hundred and eleven miscellaneous analyses of the beets from
different plots in the vicinity of Medicine Lodge were made with
the following mean results: o

In the juice :
Total 80ldS. . o vvveiiernnrnnnnnennieenns P per cent.  17.80
BUCTOBE v vviiis tiiiiii i ee s do.... 13.20
L1 1 D 75, 60

The fresh chips entering the battery had a mean sucrose content,
in the juioe, of 13.90 per cent, much less, as will be noted, than that
re%resented by the analyses from the different loads.

he diffusion juices show a content of 10.45 per cent sucrose and
a purity of 81.2. ‘

e working of the beets with the sorghum-sugar machinery was
extremely slow, and either from this cause or from the method of
liming, which was very heavy without any subsequent use of car-
bonic acid, the clarification and boiling of the juices became a matter
of great difficulty, and they suffered in this process rapid deteriora-
tion ; for instance, the purity of the clarified juice was only 78.8
and of the sirup 78.3, while the mean purity of the massecuites
showed the enormous depression represented by the difference
between 78.8 and 59.4. The actual cause of this remarkable deteri-
oration in boiling is not well understood, and the juices boiled with
the greatest difficulty, it being almost impossible to prevent them
from foaming in the pan. The semisirups also, after standing for
a time, deposited a large quantity of mucus or viscous material,
and this would lead to the supposition that a pernicious fermenta-
tion of a viscous or mannitic nature was the cause of the great loss
of sugar during the boiling operations. ' o

It is evident at once that the attempt to make beet sugar without -
appropriate apparatus must be regarded as futile. .Beets of the
quality of those delivered at the %/Iedicine Lodge factory, if the
had been properly and promptly manufactured, would have yielde
almost 250 pounds of sugar fo the ton ; instead of this the yield was
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extremely small, the separation from the massecuite very difficult,
and the whole manufacturing process disappointing.

In regard to the probability of producing beets in the locality of
Medicine Lodge, I am still of the opinion, expressed in Bulletin No.
.27, that it is a locality too far south to expect the successful culture -
of the sugar beet. Inusing the term “‘too far south” itis not meant
in an absolute sense, but too far south from the zone of the probable
beet industry as indicated in the map given in Bulletin No. 27. The
actual growing season at Medicine Lodge it will be noticed was not
during the summer, but in the autumn after the rains fell and the
weather had become cool. Had theearly part of the season been wet
enough to secure a growth of the beets it is hardly probable that they
would have shown the high content of sugar which they did. The
splendid results obtained at Medicine Lodge in the working of sor-
§ um cane would seem to indicate the course which the sugar in-
ustry should follow in that locality. KEverything indicates that the
culture of sorghum sugar will prove a success while there is little to
tlancoll.lé'age the further gevelopment of the beet-sugar industry in that

ocality.
v PRODUCTION OF SEED.*

There is, perhaps, no other agricultural crop which has illustrated
in so marked a manner the importance of seed selection as the sugar
beet. By the careful selection of those variations in the original beet
which seemed most favorable to the production of sugar, and the
careful selection of beets in the production of seed during the suc-
ceeding year, and by judicious and scientific fertilizing for the pur-
pose of increasing the sugar content, there has been a great evolution
in the su ar-pro'ducing power of the beet which has placed it at the
head of the sugar-producing plants of the world.

The influence of the quality of the seed, according to Vilmorin, is
absolutely predominant from the point of view of the results obtained .
in the culture of the sugar beet. The numerous experiments of scien-
tific investigators have shown that remark to be true. In France the
firm of Vilmorin-Andrieux & Co. has paid special attention to the
improvement of the standard varieties of the sugar beet by the
method above mentioned. They have.endeavored to produce differ-
ent varieties of beets of which each one would have all the possible
advantages in the different economical and culture experiments to
‘which manufacturers and farmers will submit them.

It is true, without doubt, that the same variety of beet could not
be the most advantageous 1n every case, and that, according to the
results to be obtained, it might be an advantage in one place to culti-
vate a variety extremely rich and in another place one, which, while
still rich in sugar, would also produce a heavy yield in pounds. To
these different needs diﬁeren%) varieties of beets respond. In one
cage the pure white variety, in another the white variety with green
neck or the rose variety with rose neck, or the Vilmorin Improved, -
a variety which is suitable everywhere and particularly in those '
countries where the duty on beet sugar is laid directly on the beet.
Since the introduction of the new %aw in France, in 1884, levy'ing
the tax upon the actual weight of beet produced, the White Improve
Vilmorin beet has recommended it;sr;eltP by its exceptional richness,
its great purity, and the ease with which it can be preserved. But
in order to meet all the conditions necessary to the greatest success

* Bulletin No. 27, Division of Chemistry, pp. 41-46.
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it i3 essential to find out by experiment that variety of beet, which,
in any given locality, fulﬁlfs most of the conditions required to pro-
duce a ﬁigh yield of sugar with a minimum cost and one which will
be equally profitable to the farmer and manufacturer.

At the present time, it is necessary in this country to go abroad
for beet seed of the highest character. Up to the present time the
sugar-beet seed which has been grown in this country has been pro-
duced without especial reference to the conditions necessary to main-
tain the beet at a high standard and to improve it as is done in
foreign countries. In other words, the sugar-beet seed which one
will obtain from American dealers, if it should be that which is
grown at home, does not come #vith the pedigree of the beet, in re-
gard to content of sugar and purity of juice, nor with that assur-
ance of care in cultivation which the professional producers of beet
seed in foreign countries bestow upon their work. There is no
reason, however, to suppose that it is impracticable to produce beet
seed in this country of ashigh a grade and of as pure a quality as
that which can be obtained in other countries. The method of doing
this will be briefly indicated.

In growing the beets the greatest care should be taken to secure all
the conditions necessary to produce a beet of maximum richness in
sugar, coupled with a yield per acre of fair proportions. This can be
done by attending to the directions for culture to be given, combined
with judicious application of those fertilizers which will tend to
increase the sugar content of the beet without unduly increasing its
size. The fertilizers which are most suitable for this purpose are
carbonate of lime, when it is not present in sufficient quantities in the
soil, a small quantity of magnesia, and larger quantities of phosg-
horic acid with varying proportions of potash and nitrogen, accord-
ing to the character of the soil in which the beets are grown. No
certain rule can be given for the application of fertilizers until the
conditions of the seasonand the character of the séil in each particu-
lar locality have been carefully studied experimentally. For this
reason, it is certain that in this country, as in others, the business
of producing beet seed will be one entirely distinct from that of rais-
jng beets for manufacture or from the manufacturing thereof. It is
this business which will require not.only the highest scientific agri-
culture but the most careful agronomic skill.

SELECTION OF ‘‘ MOTHERS.”

The beets which are to be used for producing the seed should be
selected on account of the possession of those properties which are
most suitable to secure the l?ighest resultsin the production of sugar.
In the first place, all beets of irregular or unwieldly shape should be
rejected; those selected skhould be of uniformly even texture, smooth
outline, and symmetrical shape. ‘

The sugar content of these beets should be determined by the analy-
gis of others grown in the same plot and of the same seed, and thus
obtain the average-content of sugar for the whole lot. Only that
class of beets showing the highest content of sugar combined with the
qualities %iven- above, and the greatest purity of juice, should be pre-
served. In many cases the beets themselves, which are to be used for
propagation of seed, are subjected to analysis by the removal of a
cylindrical section by an instrument provided for that purpose and
the analysis of this section. In this way the actual sugar content of
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the beet which produces the seed can be obtained. It is said that
%ood results have also been secured by replacing the portion of the

eet removed by sugar at the time of planting, which will afford an
additional food product for the earlier growth of the beet in its
second year.

Another method of selecting the beets, which has been widely
employed, is that of determining their density. A solution of some
substance is made in water, such as salt or sugar, of such density as
to permit beets of inferior quality to float on the surface and those
of superior quality to sink. These heavier beets, other things being
equal, contain larger quantities of sugar and are more suitable for
the production of seed. The beets, 8f course, which are to be used
for the production of seed must be very carefully harvested so.as
not to be bruised, leaving the roots as much as possible uninjured
and they must be ca.refuﬁy preserved in silos over the winter unti
the time for transplanting in the spring. The trans la:ntin% and the
successful cultivation of %he beets neeg no detailed deseription,

The character of the beet is also gometimes determined by remov-
ing a small gortion, as indicated above, for polarization, expressing
the juice and determining its specific gravity by weighing in the
juice a silver button of known weight. ,

The absolute necessity of securing a few beets of the highest sugar
coefficient ‘and purity for the purpose of producin% a crop of seed
in third, fourth, or fifth year, according to the number selected, has
in the last few years been recognized to a degree unknown before.
At first it was the custom to select the beets, by some of the methods
mentioned above, in large numbers sufficient to grow in the second
year seed for the markef. A much more rational method, however,
and one which secures higher results, consists in a more careful selec-
tion of the mother beets for the purpose, not of producing seed for
the market in the second year, but only for the purpose of securing
an additional crop of beets in the third year which in the fourth year
will produce seed for the market. The methods emplo¥ed by differ-
ent geedsmen vary somewhat, but the principle in all cases is the
same. The general method may be indicated by that pursued by
Dig‘pe in Quedlinbur%:* . .

wrst year.—Seed planting for mother beets, from seed which came
from the highest polarizing beets of different varieties, which have,
of course, been kept separate. The planting is in rows 18 inches
apart, and the plants are cut away in Ehe rows so as to stand 10 or 12
inches apart. At the time of harvesting the beets are selected out
according to form, growth, and leaf formation, as these best approx-
imate the characteristics of the parent variety.

Second year.—In March and April these selected beets are examined
in the laboratory t in the following manner:

At a certain point which it is presumed will give an average of the
entire beet, a cylindrical piece is cut out, subjected to strong pressure
in a juice press, which will give, for example, from 17 grams of beet
10 grams of juice, of which 5 cubic centimeters are diluted with lead
acetate and water to 25 cubic ‘centimeters, filtered and gola,rized.
For the different varieties minimum limits are established, and the
beets are arranged in three classes according to their polarization:

First, beets which go below the limit and are thrown out ; second,

* Stammer, pp. 200, et seq., Lehrbuch der Zucker Fabrication. . ‘
) c.h* This is not done until spring in order that only well-preserved beets may be
osen,
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beets which are above the limit, and fairlﬁ'1 ood for seed purposes,
and, third, beets which show an extra hig ggure.

These extra good beets are now examined still further, two more
cylinders taken out, and the sugar estimated by the extraction
method. From this result and the estimation of the sugar in the
juice the (apparent) content of juice is calculated. Those beets
which do not reach a standard, established for each variety (between
92 and 94), are thrown out, while those that attain it are the chosen
““mother beets” of the crop, which are to perpetuate the variety
and which furnish the seed for each new succession, as mentioneci
in the first paragraph.

In the second year are planted all the beets saved, the extra and
medium as well; the former furnish seed for extra mother beets,
which are used as indicated for the normal-sized mother beets
which farnish seed for a new succession, while the latter are to pro-
duce a generation of dwarfs, the seed from both being saved.

Third year.—The seed from the medium and extra mother beets
is planted, and the latter produce the mother beets for future breed-
ing purposes, as indicateg, but the plants from the former seed,
which was planted a little later than would be the case for beets
ordinarily, and in soil fertilized with ammoniacal superphosphate
and also some guano, in rows 12 inches apart, are cut out to about
every 3 to 5 inches. 'The small beets are very carefully preserved
under a thick covering of earth. In the spring of the

Fourth year.—They are uncovered and planted at about 26 to 24
inches apart. The seed from these when harvested in the fall is
reaady for the market, so that it has taken five years to attain this
end. ' :

In the establishment of Branne, in Biendorf, the procedure is
similar, but the beets are selected by their specific gravity in the
field. A woman sits at a table and cuts from each beet a very small
piece and throws it into a solution of salt of known density (for ex-
ample, with the Klein Wanzleben, 16° Brix). If the piece of beet
floats, the corresponding beet is thrown away, but if it sinks the
beet is reserved for further investigation in the laboratory. The
beets chosen in this way are submitted to further selection by the
examination of the juice from a cylinder.

In a somewhat different way, but still by means of the examina-
tion of individual beets, is the culture of the Klein Wanzleben
variety carried on by Rabbethge, in Klein Wanzleben, whose object
is not so much to furnish establishments with all the seed they re-

uire for &)lanting, but rather with seed for the production of mother

eets, and their own seed from these. The fact that Klein Wan-
zleben has never yet harvested more than 3 tons of seed in a sea-
gon indicates the character of the work, which is much to be com-
mended.

The seeds are always taken from mother beets of considerable
weight, never from small or dwarf beets, and the aim is not so much
to produce individual beets of exceptionally high sugar content, but
large beets as well; that is, beets which give the highest yield of
. sugar from a given amount of land. These roots, which are chosen
from a field of the best (Elite) beets, and which possess most dis-
tinctly the characteristics of the variety, are weighed and their juice
polarized, and this operation is continued until 20,000 beets are
chosen which fulfill the requirements as to weight and sugar content.

These 20,000 best mother beets are sufficient to furnish the planting
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of ahectare (2} acres), and from them are obtained 40 to 60 hundred
weight of the best (Klite) seed, and this gives the following year 60
to 100 hectares of the best (Iflite) beets, or 5,000,000 to 7,000,000
plants. - From these are finally chosen the 1,500,000 seed-bearers
which furnish the planting of 100 hectares and the seed for sale and
for the perpetuation of the breed.

An entirely different method of selection is what is known as
“family ” breeding. Hundredsof specially selected beets, excellent
in every way, are planted out separately. The seed of each is
gathered and planted separately. If among the beets thus obtained
any are found that excel the mother beet in every respect, and this
improvement endures through several generations, these are incor-
porated with the other moéler beets and used for breeding. As
examples of weight and polarization of the selected beets the fol-
lowing figures for the highest and lowest weights are given, repre-
senting the best mother beets of the years 1883 and 1884 -

o ‘Sucrose . Sucrose:
Weight. | 1) fuice. || WeIEht: |1 juice.

Grams. | Per cent.l| Grams. | Per cent.

1,550 | 1L94 600 | 15,11
1450 | 13.68 600 | 16.98
1950 | 1429 600 | 16,98
1500 | 15.87 400 | 16,13
1450 | 1460 550 | 15,62
1700 | 1176 400 | 16,83
1,800 | 1486 550 | 1688
2100 | 14.35 400 | 16.63
1,800 | 14,60 600 | 15.68
600 | 16,13

Among 200 beets were found only 11 with a weight of less than
500 grams; 12 with a weight of 500 to 600 grams; 29 with a weight
of 600 to 700 grams; 21 with a weight of 700 to 800 grams; and ﬁna%ly
127, or 63 per cent, with a weight of over 800 and up to as high as
2,100 grams. : o .

The beets between 700 and 1,000 grams are of nearly identical
sugar content, a peculiarity of the Klein Wanzleben variety. -

The establishe£ normal weight varies, according to the season, be-
tween 600 and 900 grams; in t%le year 1883 it was 897 grams, corre-
spondinf to the average of the beets from a field.

A still different method is followed by v. Proskowetz (Kwassiz).
The beets from which selections are to be made are placed in a solu-
tion of salt showing 17.5° Brix, and those which- float are used as
fodder; those which sink are analyzed for sugar content by the
alcohol extraction method, for which purpose a small quantity, half
the normal weight, is cut out with a rasp and polarized in a 400-
millimeter tube. Beets which give at least 19 per cent of sucrose
form the first class; those showing 18 to 18.9, inclusive, the second,
and those from 16 to 18 the third. Beets under 16 per cent are
used for fodder.

METEOROLOGICAL CONDITIONS. * .

" In addition to suitable soil, fertilizing, and cultivation the sugar
beet requires certain meteorological conditions for the highest pro-
duction of sugar. Temperature and rainfall exercise the most

* Bulletin No. 27, Division of Chemistry, pp. 169-17%
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pronounced influence, not only on the yield of beets but also on their
saccharine qualities. ,

A mean summer temperature of 70° Fahr. for ninety days is suffi-
cient to push the beet well on to maturitys while a much higher
de%ree than this tends to diminish its saccharine strength.

he experience of beet growers in California indicates that in cer-
tain latitudes the beet can flourish with a much lesg rainfall than
has hitherto been deemed a minimum for its proper growth ; but
this is not conclusive evidence that in all localities so small a supply
of moisture would be sufficient. In regions of dry and hot winds,
or where the subsoil is less porous, or aerial evaporation much
more vigorous, less favorable results would be obtained. Dr. Mec-
Murtrie traced his area of beet-sugar limits with an isotherm of 70°
Fahr. for the summer months, and a minimum rainfall of 2 inches
er month for the same period. By the kindness of the Signal Office
have obtained a record of mean temperatures and recipitation for
each month in the year for a period of ten years of those portions of
the country in which the culture of the sugar beet is most likely to
succeed. Also from the same source a tracing of the mean isotherm
of 70° Fahr. for ten years for the three months of June, July,
and August. Beginning at the city of New York this isotherm
runs nearly due north to Albany, and then curves westward and
slightly southwest, touching the ‘edge of ‘Lake Erie near Sandusky.
It runs thence in a northwesterly direction to Lansing, Michi-
gan, and thence southwest to Michigan City, Indiana. . Thence it
confinues in a northwest direction through Madison, Wisconsin, to
a point a few miles south of Eau Claire, whence it continues almost
~due west to South Dakota. Entering Dakota the line makes a sharp
curve to the north, and near the one hundred and first meridian
turns almost due south until it reaches the 33° of latitude in New
Mexico, near the Mexican border. Its further tracing across the
Rocky Mountains is not necessary here. Extending for 100 miles on
either side of this line the map shows a belt extending from the At-
lantic to the Pacific, within whose limits the most favorable condi-
tions for growing beets, as far as temperature alone is concerned, will
be found.

The mistake must not.be made of supposing that all the region
included within the boundaries of this zone is suitable for beet cul-
ture. Rivers, hills, and mountains occupy a large portion of it, and
much of the rest would be excluded for various reasons. In the
western portion perhaps all but a small part of it would be ex-
cluded by mountains and drought. Beginning at a point midway
between the one hundredth and one huridred and first meridan, beets
could be grown only in exceptional places without irrigation. On
the Pacific coast only that portion of the zone lying near the ocean
will be found suitable for beet culture.

On the other hand, there are many localities lying outside the in-
dicated belt, both north and south, where doubtless the sugar beet
will be found to thrive. The zone, therefore, must be taken to indi-
cate only in a general way those localities at or near which we should
expect success to attend the growth of sugar beets in the most
favorable conditions other than temperature alone. :

In respect of the rainfall it is necessary to call attention to the
fact that a wet September and October are more likely to injure a
crop of sugar beets than a moderately dry July or August. A wet
autumn succeeding a dry summer is almost certain to materially in-
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jure the saccharine qualities of the beet before it can be properly

arvested. Inthis regard it will be seen from the tables of precipi-
tation that the two Dakotas are more favorably situated than Oregon
and Washington. n ,

- The rainfall in Oregon and Washington for September and Octo-
ber is 2,17, 3.25, and 2.24, and 4 inches, respectively, while in the two
Dakotas it is only 1.11, 1.27, and 1.54 and 1.26 inches. The impor-
tance of this slight rainfall in securing a safe harvest without dan-
ger of second growth is eagily recognized. :

During the winter months the temperature that is best for beets is
one of uniformity and sufficiently low to prevent sprouting or heat-
ing in the silo. Sudden and extreme variations are alike injurious—
on the one hand causing danéer from freezing and on the other from
sgroutmg. On the coast of California the winters are so mild that
the beets 1‘6(5[111'6 very little protection, in fact more from the heat
than the eold, while in Nebraska and the Dakotas the temperature
often falls so low as to endanger the beets even in well-walled silos.

All these problems in meteorology deserve the most careful con-
slderation from those proposing to engage in the su%ar-beet industry,

?lllld it is hoped that the subjoined tables may help to elucidate

em.,

Table showing the average precipitation, for each month of the year, at the stations
spee'lﬁed.s %ll)educedfrom observations during the period January, 1880, to De-
cember, .

TIRLERE

Staté and station. Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug. | Sept. | Oct. | Nov.| Dec

| In.| . iIn. | In. | In. [ In. | In. | In

65 |8.8612.0414.54 81987 |3.88 443 3.

3.14 | 4.82 | 3.72 | 4.49 | 2.82 1 3.16 | 4.80 [ 4.22 | &

3.31 | 3.53 | 8.09 | 8.47 | 2.48 | 3.62 | 8.80 | 3.86 | 4.

.76 ]8.60(8.20{3.708.83|3.883.76 1444 | 4.

.90 | 3.42 | 8.04 { 3.96 | 3.28 | 3.51 | 4.02 | 4.21 | 4.

8.15 |'8.75 [ 8.22 | 4 3.01 | 8.49 | 8.87 | 4.28 | 4.

.80 | 8.95 | 8.57 | 4.53 | 8.43 | 4.82 | 4.00 | 4.30 | 4.11

214|288 |3.03|8.67 | 2.98 | 8.74 | 3.16 | 8.13 | 3.41

+1.80 (12.70 [12.90 [13.88 [+2.87 [t2.49 |[12.48 +3.27 48,47

2.92 | 8.14 8.18 | 4.01 | 8.17 | 8.94 | 8.40 | 8.68 | 8.90

2.14 { 8.17 | 8.12 | 8.90 { 8.11 | 8.62 | 8.26 | 8.59 ‘3.47

Burlington ............. 1.68|1.48 [ 1.78 | 1.67 | 2.86 | 2.98 | 2.862 | 3.08 | 3.84 | 8,12 | 2.88 1.85
Luneniburgh ............ 2.99|2.49 | 2.83 [ 1.15 [ 8.14 | 3.35 | 8.60 | 8.25 | 3.41 | 3.76 | .10 | 2.88
Strafford................ 3.64|3.16 | 3.14 [ 1,90 | .06 | 2.95 | 4.52 | 8.61 | 8.70 | 8.02 | .92 [ 8.28
WoodBtoeK. e oviereeenns *3,00 [*2.77 *2.§8 81.66 [§3.16 [§2.24 1*3.98 [*3.00 {13.41 #2.68 [*2.00 | *3.27
2.83!248 | 2.48 (1.60]3.06]2.8818.73]824)|8.54|8.14|3.00 2.80

Massachusetts :

Amherst...........oee.n 4.9318.72|8.62|2.538.59|8.45]4.69|4.08 450340877 8.67
Boston ... . 2.09 | 3.64 {2.73 [ 3.86 | 2.#1 | 3.51 | 3.58 | 8.80 | 3.62 | 3.88 | 3.%7
Fitchburg. 3.56 | 2.66 | 2.56 | 8.14 | 2.79 | 4.05 | 3.85 | 8.74 | 3.24 | 8,31 | 8.31
nce . 4,98 [#3.01 [#2.75 143,80 62,84 4. 18 [§4.57 |48.59 (§3.77 184.60 | §3.58
Nevyﬁédfofd 4.76 | 3.99 | 3.45 ['8.61 |'8.07 |'4.00 | 4.08 | 8.45 [8.56 | 3.97 3.93
8 npgﬂeld 4,86 [+3.23 142,65 |13.48 [+3.80 [+4.97 [t4.09 [13.52 |18.62 [18.72 18.84
1Hiamgto 18.95 | 8.10 +2:60 | 3.02 | 2.98 [+4.61 (18.72 | 8.05 | 2.62 | 8.24 +3.40
14.43 18.49 [12.67. [14.13 13.63 |13.88 (18.33 [13.84 13.85° [18.96 | 14.06

v4.04 8.46 1 sva ! 8521817 ]417{8.95|3.62|846)37 | 8.63

Rhode Island:

Narragangett Pler ...... *5.84 [*4.95 |*4.28 g‘ﬂ ?.88 g.GQ 8,89 [£3.99 [+3.40 [44.46 (14.32 | 18.78
Providence.............. 46.19 [46.30 [+4.83 [+3.22 [3.67 [12.99 [$4.07 |+4.06 [13.28 [14.10 |t4.11 +4.59
' 6.08 | 5.62 | 4,30 | 8.94 | 3.98 | 2.84 8.9 [4.02 | 3.34 [4.28 | 422 | 418"

#For seven years.  +For nine years, - $For eight years. - § For six years. | For five years.
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Table showing the average precipitation, for each month of the year, at the stations
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. j For eight years.
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gan, parts of Wisconsin, Minnesota, and Dakota. Here the line of
the southern limit passes into the British possessions and enters the
United States again in Washington Territory, and crossing Western
Oregon, passes to the coast to the extreme north of California. In
most of this band we find a favorable temperature, and the average
rainfall is sufficient in quantity, but we are unable to make any ob-
servations concerning the number of rainy days. In California, as
the tables will show, the temperature is sufficiently moderate, but,
from examination of the figures for the stations for which the rain-
fall has been recorded, we find it to be remarkably deficient.- Here,
in order to make the culture a success, it would appear that the in-
tervention of irrigation during the summer months would be an ab-
solute necessity. ~

“We also note a few counties in the southwestern portion of Penn-
sylvania, and one county in Ohio, without the general band, where
suitable meteorological conditions seem to exist. These counties are
surrounded by the red line in the more detailed map that has been
prepared, showing the county lines near to or over which the line
of the limit of favorable meteorological conditions passes. This map
is intended for'more ready reference for those who may contemplate
e}slta})llishing the culture in the sections in the near neighborhood of
the line.

‘“ Now, I do not mean to agsert that the band of country I have thus
Elotted on the map is exclusively that in which the introduction of

eet-root culture may be attempted with prospects of success, but it is

certain that within this band ﬁle chances of success are greater than
they are without it, and it also appears that all the unsuccessful at-
tempts that have heretofore been made to establish the industry have
been at points without it. It is therefore advisable that farmers or
manufacturers who may design entering upon the prosecution of this
industry should study with greatest care these influences which
operate with so much benefit or injury upon the profit of the crop. It
18 evident from what precedes that the beet requires a cool or at least
a moderate season for suitable progress in development, that it may
not reach maturity in advance of the time for working it into sugar,
and under the influence of the rains and elevated temperature of the
autumn months enter into a second growth, thereby destroying the
valuable constituents which render it so desirable as a sugar-pro-
ducing crop. X

“In this connection it has been suggested that in sections of pro-
tracted warm seasons, where the root will develop and attain full ma-
turity in Aufgust and during the summer drought, the crop could be
taken up before the appearance of the autumn rains, and by slicing
and drying the roots ¥reserve them until the arrival of the proper
season. This mode of procedure has in fact been recommended to
the agriculturists of the south of France, and hag, it has been stated,
been the subject of experiment in Algeria. The method has the ob-
jection of being a rather precarious one on account of the chances
of the crop being caught after a long-continued drought by late
heavy summer showers that would prove almost as injurious as the
autumn raing, * .

‘“After the directions given by Briem and others it is scarcely neces-
sary to recapitulate here the meteorological conditions which appear

*The experiment of drying beets for preservation in Maine, in the fall of 1878,
proved quite disastrous financially for those who engaged in the enterprise,
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to be required by this cultire, yet the conclusions arrived at from
our stu g‘of the subject, in addition, may not appear superfluous.
The conditions, then, are in general, comparatively dry and warm
spring months during the time for preparation of the soil, planting,
and cultivating the crop; moderate temperature, abundant and fre-
quent rains during the summer months, the time for ultimate devel-
opment of the crop and its valuable constituents; cool, dry fall, the
time for ripening, harvesting, and storing the crop. ~If these condi-
tions prevail, the results will be good; otherwise they will be but
medium or-even bad.”

The amount of rainfall necessary to the proper growth of sugar beets
degends largely on the character of the soil, the mean temperature,
and the degree of saturation with aqueous vapor of the prevailing
winds. In the coast valleys of California, where the proximity of
the sea preserves a low temperature through the summer, and where
the porous soil permits the tap root of the beet to descend after moist-
ure and moisture to ascend to the root, excellent beets are grown
with little rain. The conditions would be entirely reversed in inland
localities with high summer heats, stiff clayey soils, and arid winds.

In general, the amount of rainfall during the summer months in
the Northern, Central, and Eastern United States is sufficient to se-
cure a good growth, and therefore it may be said that proper soil and
attention bem% provided, beet culture might be undertaken in such
localities with little foar of disaster from drought, save in a few ex-
ceptional seasons.

n fact, with thorough under drainage and deep subsoil plowing,
it would be possible to secure a good crop of beets in the regions in-
(fii(lzlated quite independently of the variation in the amount of rain-

all.

The chief question, therefors, to be considered, is one of temperature
and sunshine ratherthanof rainfall. Inthepresentstateof our knowl-
edge it would not be safe to establish beet. t%ctories very far south of
the mean isotherm of 70° Fahr. for the three summer months, with-
out amore thorough study of the character of the beets produced than
has heretofore been made. The possibility of finding localities south
of this line, where sugar beets may be grown with profit, is not denied,
but the necessity of further investigation isurgent. There are man
places situated only a short distance south of this line where the soil,
water supply, cheap fuel, and other local considerations supply pe-
culiarly favorable conditions for beet culture, and in such places the
industry would doubtless flourish, although the beet might not be
quite as rich in sugar as when grown in a more northern locality.
In all cages the length of the growing season should be sufficient for
the comglete maturity of the beet, and the freezing temperatures of
winter should come sufficiently late to allow the beets to be safely
harvested and covered. . o



REPORT OF THE CHIEF OF THE DIVISION OF FORESTRY.

S1r: I have the honor to submit my fifth annual report upon the
work of the Forestry Division.

With a new fiscal year increased appropriations have marked a
new era for this Division, pla,cin% at its disposal for the first time
funds sufficient to provide for following up in good earnest some
special investigations. These funds became available, however,

~ only a few months previous to the writing of this report, and since
the arrangements for work were delayed for various reasons pro-
posed methods and promises of results must as yet be discussed
rather than the results themselves.

In the line of giving information in answer to requests by letter
the work of the Division has steadily grown. Itis to be regretteé
that the information furnished on many topics is imperfect indeed,
no means for acquiring it having hitherto been afforded, especially
in the case of requests for statistics regarding timber supplies. The
character of much of the correspondence of the Division is indicated
by the following classified list of subjects of recent letters:

Statistics.—The loss of useful forest material by fire; present and future supply’
of white oak; lumber importations and duties; increase or decrease of forest area;
»g0il, timber, and rivers of the Sioux Reservation; manufacture of short-leaved pine
in Virginia and North Carolina; amount of long-leaved pine in Georgia and Florida;

_ timber area in the United States and possibilities of exhaustion; area of standing
hemlock in the United States and Canada; hard-wood products, markets, ete.; lum-
ber industry of Florida; authors of works on forestry. . )

Technology.—Qaks suitable for cross ties and tan bark; method of preserving fence
material; after treatment of wood when cut; effects of water seasoning upon holly;
methods of preserving posts; quality of southern oak; comparative tests of north-
ern and southern oaks; t material for railroad ballast and durability of various
timbers in the roadbed. )

Forest influences and forest policy.—Plan for seedling distribution; State purchase
of land for forest purposes; State forestry legislation; advisability of a department
for care of public grounds; repeal of timber-culture law; working of timber-culture
law; preeipitation before and after deforestation; maintenance of forest cover on
mountain slopes; influence of forests and eucalyptus on malaria; protection of tim-
ber from fire by law; exemption of forest lands from taxation; artificial rainfall.

Forest  planting.—(By regions.) Trees most likely to succeed in Texas; tree
planting in Dakota; trees suitable for forest growthin Louisiana; experimental and
mixed planting in Michigan; forest growth advisable for Colorado; forest trees for
Dakota; growing forest frees from seed in arid regions; advisable mixture of trees
for Texas; trees adapted to Arizona; trees suitable for the arid regions; trees for
roadside planting; trees for grove planting in California; trees advised for Illinois;
trees for street planting; suggestions on deciduous tree growth without irrigation;
timber. trees desirable for Minnesota; sea-coast planting; instructions for inter-
planting coniferous seedlings in Minnesota; pecan planting in Georgia; black wal-
nut forest culture; English walnut and pecan culture in New Jersey; treatment of
acacia seed in Arizona; treatment of juniper seed in Kansas; trees for shade and
ornament in Florida; treatment in pole planting; availability of the ailanthus for
Kansas; forest planting in Oregon; conifer seeding in Michigan; timber culture
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without irrigation in Arapahoe County, Colorado; bamboo planting in Texas and
California; climatic conditions for eucalyptus and cottonwood in Central Arizona;
black walnut cultivation in Oregon; suitable forest trees for Arizona; reclamation
of sand dunes. (By species.) Pinug cembra, its introduction in Maine; osier eulti-
vation; suggestions on growing black walnut; directions for growing seedling
conifers; growiniecotbonwood from seed; maple raising; black walnut planting;
black walnut timber, range and cultivation; osier culture in New York and Michi-
gan; acacia seed, its distribution, and value of acacia for tan bark; profitableness
of wattles in California; germinating power of catalpa seed in Texas; bamboos,
method of propagation; favorable sites for black walnut growing.

Forest management.—Treatment of naturally grown thicket of hard woods; best
“works” on trees, their cultivation, efc.; pruning of trees; sumac as material for
forest undergrowth; subsoil irrigation; time of transplanting; protection of trees
against rabbits; advice on thinning white pine.

Forest botany, etc.—Proper time for gathering and planting seeds of white pine;
sprouting of pitch pine; sprouts from conifer stumps; ring growth of trees; quality
of wood in different parts of tree; long-leaved pine distinguished from other varie-
ties; discoloration of timber due to fungus growth; locust trees, advice for prevent-
ing growth of; varieties of white cedar; hickories indigenous to the United Statea.

As I have pointed out repeatedly, the character of information
e:flected from this Division is of a twofold nature, namely: techni-
cal, in so far as relates to forest management and the production of
wood material, and statistical, in so far as the knowledge of the con-
difion of our forest resources may induce application of forestry
principles. B

Information of the latter kind is needed to influence private activ-
ity in the ratienal utilization of forest supplies, in recuperation of
natural forest areas, and in the planting onaste land; mere espe-
cially, however, to justify the interest and the action of the Govern-
ment in forestry. :

There are three reasons implied why the Giovernment has been in-
duced to establish this Division, and to appropriate funds for for-
estry work. The first is that, owing to the heavy drains.to which
our virgin forest supplies are subjected without any provision for
recuperation or reforestation, the future of wood supplies may be
endangered. The second is that the methods at present followed in.
utilizing the natural forest areas are destructive, mot only of the
future forest resources, but also of thecultural and water conditions -
of the denuded and adjacent territory. A third reason is the desir-
ability from economic considerations (for climatic ameliorations) of
encouraging tree growth on the large treeless areas of the United
States in the West and on the many places in the East and South
which have been made so by irrational treatment on the part of man.

‘While in regard to the soundness of the third reason there can
hardly be any doubt, there has never been a thorough investigation
as to zhe validity of the former two, the work for the Tenth Census
being the nearest approach to it.

To establish beyond controversy the fact that our timber su(ﬂ)lies
a8 at present utilized are being consumed at a rate more rapid than
they are growing would, if at all possible, require a close examina-
tion of forest areas, standing merchantable timber, methods of lum-
bering, the annual drain by cutting, fire, pasturage, and decay, and
also capasity for annual reproduction, that we might compare outgo
and income. , ' . -

The hopelessness of accomplishing such a task, especially with the
slender means and inadequate organization of this Division, and the
doubt whether the expenditure of money and energy in that direc-
tion would be fully justified by results, have deterred the Division
from entering that field of statistical inquiry. Two yearsago it was

.
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proposed to settle the controversy as to available supplies of white
ine at least. To accomplish this satisfactorily I estimated that not
ess than $15,000 would be required. Sinee then, although noboddv
can predict the time when this staple will be practically exhausted,
indications of its rapid decline have become 3o unmistakable that an
attempt to prove the fact would be needless waste of energy. The
time of actual exhaustion of anff timber, or of supplies of any par-
ticular kind, can never be foretold, for the simple reason that changes
in the use of mpaterial, substitutes, and various other causes introduce
uncertain factors into the calculation. .

Several years ago I submitted that, with a resource whieh, like
our forest resource, is determinable by area only, and which can and
should be kept in perpetuity by natural reproduction, the rational
manner of estimating its condition with reference to the furnishing
of suapilplies is to compare our annual requirements with the possible
annual reproduction upon the ascertained area. The area some time
ago had been ascertained to he less than 500,000,000 acres of wood-
lands, capable of yielding at best at the rate of 25 cubic feet of wood
per year per acre, or one-half only of what is estimated to be the
present consumption annually. In addition to these estimates, which
are beligved to present the case as nearly correctly as can be done
with our knowledge, we have reports from various manufaectyrers
noting the decline of supplies of particular kinds, so that we may
conclude that Government interesg on the ground of the firet reason
cited is by no means premature.

It is to be regretted that the opportunity which the machine
provided by the Kleventh Census offered for ascertaining more defi-
nitely the present extent and condition of the resource has not been
used to its full extent, and that we shall be compelled to remain in
comparative ignorance and to reason on gurmises or partial knowl-
ed'%e with regard to one of our most valuable controllable resources.

hat it should not have been deemed desirable (or only partially so)
in the present census to ascertain the condition of a resource W%ich
yields raw material of a value not less than one quarter of the value
of all raw materials manufactured will be a surprise to those inter-
ested in the forests of the United States. :

‘We should strive to know from decade to decade what changes in
the forest areas and their conditions have taken place, just as we
ascertain and compare the areas and crops of the agricultural re-
source. Such knowledge is called for more and more, for commer-
cial purposes, as the area of virgin timber land available shrinks or
fal%g into the few hands which control-the lumber supply of the
nation. :

The call upon the Division to supply information as to where cer-
tain kinds of timber may be found in abundance, and as to location .
of large bodies of merchantable timber, can only be answered in a
very general way, hardly satisfactory to the inquirer. ,

The second reason for Government interest in the forestry ques-.
tion, namely, the effect of unwise denudation upon soil, water flow,
and climatic conditions, has been made a continued study by the
Division; and while it has not been possible to institute direct ex-
periments or systematic observations which would lead us to a plain
demonstration of forest destruction and deterioration of goil or cli-
mate or water flow as_cause and effect, the results of experiments
and experiences in other countries have been published in former
reports, and material is consta.ntly gathered of - similar experienc%

A}



196 REPORT OF THE SECRETARY OF AGRICULTURE

in our own country. The question of forest influences on climate
has been carefully studied by Prof. M. W. Harrington, of Ann
Arbor, and the results of his investigations into the literature of
the subject will be published as soon as opportunity is given.

I may state here that he has mainly occupied himself with a criti-
cal scrutiny of the systematic observations in forest meteorology
carried on through many years in Europe. The results have been
Flatted in graphic form for ready reference, and the publication will

orm a desirable bagis for further inquiry or experiment, presenting
a résumé of what has been definitely accomplished in solving the
problem up to date.

My last report contained an analysis of the factors that need con-
sideration in disgussing the influence of forest on water supplies, a
question which is growing in importance, especially in connection
with the irrigation problems of tlllje ‘West.

Granting, then, the existence of sufficient reasons for the interest
which the Government has so far taken in the forestry problem, the

uestion every year presents itself anew as to how this interest
should manifest itself; for, while it may be easy to recognize the
disease, the remedies are not always found at once, and various
trials must gradually lead to the selection of those most eflicacious.

There are three methods open by which the (fovernment can pro-
mote a change in present conditions: First, by placing its own timber
holdings under rational treatment; secondly, by direct aid to those
who would apply forestry principles in caring for the natural wood-
lands or in creating new Forest areas; and thirdly, by the indirect
aid imparted by supplying information.

The total absence of forest management on the timber lands be-
lonﬁing to the United States, nay, the almost total absence of any
kind of reasonable management of the same while a forestry division .
exists in any Department of the Government, is such an incongruity
that the inguence of the latter must be considerably enfeebled by the
reflection that the Government does not act upon its precepts.

The need of a change in this particular—the need of an effective
forest administration for the remaining timber lands in the hands of
the United States Government—has been pointed out every year in
the reports of the Secretaries of the Interior, as well as in those from
this Department. ‘

It is the story of the Sibylline books repeated. KEvery year a part
of the domain is wasted by fire, and while thus the value is depre-
ciated without profit to any one, the chance of administering the re-
mainder profitably is dimmished. Five years ago I outlined the
organization and probable cost of such an administration, and a bill
was prepared an£ laid before Congress which, were it to become
. law, would enable the population of the Western States, where the
Government domain is situated, to obtain their wood supplies in
a legitimate manner, while now they are compelled to obtain them
by illegal methods. Nor would the mountain sides, as at present,
be denuded by fire and ax, not only rendering them waste places
but endangering life and property below by giving rise to avalanches
im_d soil-washing torrents, besides rendering the flow of water uncer-

ain. ‘

That the country at large, and especially the region in question,
would be benefited by such a forest administration more directly
than by any other means, this Division not excepted, must be clear
to any unbiased student of the question. S



DIVISION OF FORESTEY. \ 197

The direct aid which the Government has held out in the interest:
of forest culture has consisted in permitting the acquisition of Gov-
ernment lands in the treeless regions free of expense, by planting one
sixteenth of the areas to trees, and in charging this Division with the
distribution of economic tree seeds and plants. »

Both these methods, as practiced, have proved of little avail. As
I have shown repeatedly in former reports, to make the distribution
of plant material effective it would have to be done on a larger
scale than the appropriations for the Division have ever warranted.
Hence the distribution had to be confined to small trial packages,
which may occasionally assist in spreading an interest in tree growth,
but can hardly stimulate forest p{)antin . Other difficulties in thig
method of Government aid have also %een pointed out before. It
has also been shown in my last and former reports that the timber-
culture entries have in the majority of cases not produced the re-
sults for which they were intended. The reasons are various, but
mainly, I believe, the frequent failures on the part of bona fide
settlers to obtain the required stand of trees, necessitating their
abandonment or changing the form of entry. These failures were
due to unfavorable climatic conditions and fo ignorance of methods
and of plant material suited to the localities. This ignorance has
been partially overcome by trial, with failure or success, and it
may be (iluestioned whether or not in future this method of Govern-
ment aid could he made more effective by modifying the law, divest-
ing it of itsobjectionable features, and providing for its proper execu-
tion.. The repeal of the law failed to be accomplished during the
last session otP Congress, and I would submit that a revision at this
stage of development might be preferable to a repeal.

e third method proposed, by which the Government could be
effective in advancing forestry reform, is by disseminating informa-
tion on the subject. This purpose is subserved by this Division.
The kind of information needed, and the methods by which it may
be obtained, I have outlined in my last and former reports. I ma
here only repeat that there is much desirable information which it
is imgracticable for the Division, as at present constituted and en-
dowed, to obtain, such as the statistics of forest areas, etc., and
again other classes of information which can be obtained only by
experience, the results of experiment carried on through many
yea#'s, which, therefore, thougE not now available, can be made so -
1n time, :

The method of imparting the information has been mainly by
letter in answer to specific inquiry. The more general information,
or such as may be considered complete within certain limits, is em-
bodied in circulars or bulletins. In addition the chief of the Divi-
sion has sugplied addresses, papers; and informal talks to many asso-
ciations and meetings during the year. _

Two circulars, the one giving instructions for the growing of
seedlings, and another for the treatment of seedlings in the nursery,
were issued during the year. The most important publication dur-
ing the year has %een the final report of Mr. Tratman, promised in
‘m;Vy last annual report as Bulletin 4, on the Substitution of Metal for

ood in Railroad Ties, prefaced with a brief discussion by myself
on practicable economies in the use of wood for railway purposes.
The Fracticability and ultimate economy, safety, and superiority of
metal ties over wooden is proved by reports from all parts of the
world, the reports giving the experiences with nearly 25,000 miles of
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metal track in actual operation. The need of economy in this use of
forest supplies will appear from the figures presented in the bullstin,
which show that estimates based on actual returns from almost 60 per
- cent of the railroad mileage make the amount of wood used for the
‘purpose of railroad building, in round figures, 500,000,000 cubic feet;
over four fifths of which is consumed in railroad ties made from the
thriftiest and most valuable timber, namsly, oak, chestnut, and pine,
with but a small percentage (16 per cent) of cedar, hemlock, cypress,
redwood, and other woods. To supply this demand alone continu-
ally requires at least 10 per cent of our present forest area. That,
even if the use of wood for this purpose be continued, certain econo-
mies are desirable and practicable, may also be learned from this
. report. : ~

From year to year the publication of monographs on the life his-
tory of our important conifers has been promised, but always delayed
for various reasons. Itis hoped that their publication can be accom-
plished during the coming winter, the illustrations, want of whiech
occasioned the last delay, having been completed. The publication
is  also expected, without much ﬁelay, of a check list of the arbores-
cent flora of the United States. This will form the first of a series
of forest botanical papers. The need of such a check list, espbecially
one givin% the common names, with their geographical distribution,
appeared from the fact that nurserymen, lumbermen, lumber dealers,
architects, and others using wood have often been misled by the indis-
criminate use of the same names for widely different timbers. 1t is,
for instance, a fact that the users of southern pine in the North are,
as a rule, quite uncertain how to order and how to distinguish the
three kinds that reach the market, since the same name is applied to
each of the different kinds in various regions. Since, lately, the bot-
anists have undertaken to revise the scientific nomenclature also,
making the work of the last census, which was used as authoritzé
as well as the botanical text-books, obsolete, it appeared desirable
make and publish the necessary revision in order to establish a basis
for intelligent communication. With the aid of botanists through-
out the country, who have kindly contributed their notes, it is hoped
to unravel the confusion of common names, while the scientific
names, that should henceforth stand as authoritative by the law of
priority in naming, may be ascertained by reference to the literature
of the subject. i ~ :

This work of revision has proved more laborious and perplexing
than was at first anticiplated, since even prior revisers were found not
to have been successful in all cases, and hence a careful study of au-
thorities became necessary. This work has been diligently pursued
by Mr. George B. Sudworth, the botanist of the Division, of whose
zeal and efficiency I wish here to express my special recognition.
Under his activity the forest botanical herbarium has grown to em-
body a desirable study material of several thousand specimens. The
seed collection for the purpose of identifying the seed of different:
species now comprises 360 numbers, and a special study collection in
alcohol of the buds of our forest trees (some 1,200 specimens of 100
species) hag been made and studied with the view of arriving at char-
acters for the ready recognition of -our woody plants when without
flowers or leaves. : T

The forest technological investigations referred to in former re-
ports have, by the increase of appropriations, become ossible on &
scale which was hitherto vinable, This work, w‘l)nch' 1 desire

L]
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to discuss further on more in detail, as planned at present, may be
considered the most valuable and promising in which the Division |
has been engaged since its creation, so far as technical scientific work
is concernedg. It consists mainly of a thorou%‘h examination of our
prominent timbers in regard to their technical and physical proper-
ties in order to ascertain, if possible, how far these pro%erties depend
upon the conditions under which the trees are grown, how far phys-
ical Iiroperties influence mechanical properties, and also whether a
simple method of determining by gross examination of structure the
quality of timber can not be devised. The first work in this direc-
tion was undertaken to settle a controversy between carriage manu-
facturers as to the superior value of southern or northern grown
oak. The results of the tests and investigations will appear further
on. Many similar questions arise constantly, but we have so far only
surmises, and no definite basis by which to settle them. The magni-
tude of the undertaking, the necessity of or%anized codperation of
various workers to supply each his part in the inquiry, makes this
evidently an enterprise worthy of Government direction, and in fact
is only practicable under such direction.

WOOD PULP INDUSTRY.

Various torestry interests have been canvassed by the agents
who are assigned to this Division, as yet with incomplete results.
The one to which I wish to direct special attention, as referring to
the most important development in the use of forest products,
relates to the manufacture og) wood pulp. :

It can be said, without fear of contradiction, that in no field of
industrial activity has a more rapid development taken place within
the last few years than in that of the use of wood for pulp manu-
facture. The importance of this comparatively new industry for
the present, and still more for the future, can hardly be overesti-
mated. Itsexpansion during the next few décades may bring revo-
lutionary changes in our wood consumption, due to the new material,
cellulose, fiber or wood pulp.

Though rapid in its growth, the industry has by no meansreached -
its full development. %\Tot only is there room for improvements in
the 1processuas at present employed, but there are all the time new:
applications found for the material. While it was in the first place
designed to be used in the manufacture of paper only, by various meth-
ods of indurating it, its adaptation has become widespread; pails,
water pipes, barrels, kitchen utensils, washtubs, bath tubs, wash-
boards, doors, cagkets, carriage bodies, floor coverings, furniture and
building ornaments, and various other materials are made of it, and
while the use of timber has been superseded in shipbuilding, the
latest torpedo ram of the Austrian navy received a protective armor
of cellulose, and our own new vessels are to be similarly provided.
While this armor is to render the effect of shots less disastrous by
stopping up leaks, on the other hand bullets for rifle use are made
from paper pulp. Of food products, sugar (glucese) and alcohol can
be derived from it, and materials resem ling leather, cloth, and silk
have been successfully manufactured from it. ~An entire hotel has
been lately built in H};mbur , (ermany, of material of which pulp
forms the basis, and it also forms the basis of a superior lime mor-
tar, fire end water proof, for covering and finishing walls,
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According to the manner in which the raw material for the indus-
try shall be secured it may prove either a new enemy to the forest or
it may prove a saving element, rendering rational and profitable
forest management in the United States possible and leading toward
it. As I have shown elsewhere, such management in our natural
woods depends largely upon the opportunity of marketing wood
of small dimensions and inferior material, and this, by an economic
development of the pulp manufacture, may be to some extent se-
cured.  Self-interest should lead the manufacturers to a study of the
problem of forest management for continuous supplies, and mill
men should combine with them to have the refuse, slabs, etc.,
worked up into useful material. ‘

Ten years ago there were in Europe about five hundred wood-
pulp establishments, making in round figures 15,000 tons of ground
pulp, valued at over $5,000,000. With the development of the chem-
ical processes since then it is hardly possible to teﬁl from day to day
how fast the preduction increases. '.I[)'o arrive at an idea how far this
industry has developed in this countrya canvass hasbeen made among
the pulp mills, the results of Whichrﬁave been tabulated below.*

In connection with this, considering the probable importance of
the subject to forestry interests, it may be desirable to explain briefly
the various processes, their advantages and disadvantages, their sig-
nificance in connection with our forest resources, and to add sugges-
tions which may be helpful in the development of the industry.

In the following brief statements I have followed, in part, the
excellent résumsé of the present state of the chemico-technical use of
wood by the referee at the Vienna International Agricultural and
Forestry Congress, where, if a more liberal policy had permitted a
representation from this Department, probagly much of additional
value in this and other lines might have been learned. For the
chemical reactions the recently published Dictionary of Applied
Chemistry, by T. E. Thorpe (1890), has also been consulted.

It may first be stated that cellulose is the preponderating con-
stituent of all vegetable tissues; in fact, elaboration of celluiose is

‘synonymous with growth. In addition to the cellulose there are
present in the wood nitrogenous substances, resins, gums, and (min-
eral) ash, which are to be removed, more or less, in order to produce
the fiber or pulp. To do this economically and in such a manner
that the fiber may remain long, pure, and white and the mass pre-
serve its ‘‘ felting” qualities as much as possible, is the aim of the
various processes.

About half of the wood substance consists of cellulose, the soft

woods coutaining, however, more than the hard woods ; one reason -

why the former are preferred. in the commercial production of pulp.t

*The first suggestion to use fiber for paper manufacture was made by a German, -
Jac. Christ. Schaeffer, in 1772 ; the first patent of commercial importance for chem-
ical production was obtained by Watts & Burgess in 1853, and a small mill erected
in London about 1855 ; the first large pulp mill was established in Manayunk, near
Philadelphia, in 1865; In 1868 in England, in 1871 in Sweden, and soon afterward
in Germany, where the modern processes have been mostly developed.

$The. following percentages of cellulose in air-dried wood were determined by
chemical analysis: : o
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There ma% be now distinguished' thres classes of wood pulp, ac-
cording to the manner of its manufacture, namely, mechanical,
pseudo-chemical, and truly chemical pulp. )

The preliminary preparation of the wood is the same for the different processes.
. It includes the cutting and splitting to suitable size for handling, the removing of
the bark on the ‘‘ barker” (a planing mill with two blades, or other contrivance);
the removing of knots by the ‘‘ knotter,” an augur, and the removing of the pith
by the pith cleaner, when necessary. For the chemical processes a further prepar-
atory operation consists in the ‘‘ chipping,” which is done by knives placed on the
face of cylinders, 5 feet in diameter, making 150 revolutions, having a bite of one
eighth inch ; the ‘‘ chips” are further reduced mechanically by crushing rolls, after
any knots and discolored pieces have been picked out from the moving apron which
carries the chips from the chipper to the rolls. )

(1) The mechanical or ground pulp is produced by grinding the wood, after proper
preparation, on rapidly rotating stones under constant flow-of water (Voelter proc-
ess). For this processround wood is used of 4 to 8 inches diameter, cut into lengths
of 10 to 20 inches, according to the face of the grindstones against which the wood
is pressed lengthwise with tile fiber.

mery wheel cutters, using 40-horse power, will produce 50 pounds per hour of
dry pulp, while natural stones, producing 25 per cent more pulp, require more than
double the power. The ground mass, looking like thin gruel, is pumped into tanks,
screened into vats, and then run off in thick sheets on the ‘“wet machines” on
whégh it is dried, folded, and pressed, containing still at this stage 60 per cent of
water.

(2) Brown wood pulp is mainly a mechanical pulp, except that the wood is
steamed before grinding, under a pressure of 2 to 6 atmospheres. This steaming,
with a heat at 300° Fahr., produces a chemical reaction, thesoluble nonvolatile ingre-
dients of the wood forming powerfully acid bodies; which aid in the separation of
the fiber; their corrosive action makes it necessary to use for the digesters vessels
lined with copper or lead. After the wood is steamed, it is ground between mill-
stones or in a rag engine (system Rasch & Kirchner).. To avoid the acid reaction,
and the necessity of noncorroding vessel linings, the addition of neutral sulphites
has been proposed, when the organic acids combining with the base, gre neutralized,
a sulphite residue remaining. A sodium sulphite solution (5 per cent Na, SOj)
with a high temperature, 356° Fahr., is used, the action of which, besides neutralizing
the acids, seems mainly to consist in keeping the path open for continued action of
the heat and water. " It isclaimed that thislatter process has disadvantages in point
of economy. . )

(8) Chemicalwood pulp, or cellulose proper (in-this country called chemical fiber),
is produced by treating finely divided wood or wood shavings with various chem-
1cals, which (frissolve or render soluble the incrusting substances, leaving the fiber
as long, elastic, and pure as the raw material will furnish it, while the above me-
chanical processes naturally shorten and deteriorate the fiber mechanically.

The chemical processes can be again classified into alkaline and acid processes,
according to the kind of chemicals used. Of the many methods proposed only
four or five have been developed with industrial success.

All these processes have in common the mechanical preparation of the wood, as
described before, preceding the boiling with chemicals under pressure (which re-
quires hermetically closed digesters, with anticorrosive linings) and subsequent
washing out of the residual solution, screening, draining, and drying on ‘“wet
machines,” and most of them, to produce the desirable white color, require a spe-
cial bleaching process. The partial manufacture of the solvents and the recovery
of the spent liquor of solution, or else its treatment for other useful materials,
forms also part of the processes. Since the chemicals are apt to attack the fiber
itself, a careful adjustment of their proportions is essential, otherwise the loss of

‘While these are laboratory results of European chemists, the following percent-
ages, given by Charles M. Cresson, relate probably to pulping results:

Hemlock...........coocooil . 45 1) 03 21
Walnut (very dry)............... 42 (6] 115y o
Birch.......oooviiiivnnn. eeeao. 40 ‘Chestnut...........coovviiiiine.
Poplar (seasoned). .. 37 Hickory.............. .8
Poaﬂa.r (unseagoned).............. 30 Maple (unseasoned). . . 21.2
Yellow pine..................... 86.5 | Ashand oak (unseasoned).......... 20.6
‘White pine...............covuat. 83.25 o )

The general practice brings out still smaller results,
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yield may increase unduly. The drying, after the processes of purification, is also

an important part, since 1t is to be considered not a mere desiccation, but a chem-

ical reaction, which, if not properly conducted, results in hardening and aggluti-

nation of the fiber. .

Of alkaline %:rocesses there are two prominent:

(@) Sodg pulp is produced when caustic soda lye under pressure and steam heat
of 800° to 860° is used to remove the incrusting substances, carbonate of soda.or sol-
way salt and caustic lime being used to obtain the caustic soda, which can be easily
and cheaply recovered by evaporation and calcination, the dissolved organic matter
supplying thé fuel for the latter part of the process of recovery. About 75 to 80
per cent is thus recovered as ‘“black ash.” The tank wastage, consisting of lime,
silicates, and impurities, is apt to become a nuisance, if - allowed to flow off into
rivers, efo. The strength of solution, proportion of it to the material, temperature
and duration of the digestion, vary considerably with different woods.. The chem-
ical changes are very complex and es the chemical action extends to the cellulose
itself, the ;yui;eld is thereby reduced.

(b) Sulphate pulp results from digesting the wood at a tem’gera.ture of 300° to
860° in an alkaline mixture in which sulphates preponderate. This process, which
is successfully worked in Europe, but seems unknown in this country, contains sev-
eral points of economic importance. The liquor is made by treating sodium sul-

hate (ﬁiauber- palts,90 pounds of sulphate to 100 pounds of dry pulp) with caustic

ime, when a certain proportion of the former is transformed into caustic soda.
The liquor, after the boiling, is evaporated, calcined, and treated with lime, by
which 1t is recovered as sulphide andll,:? drate (caustic soda) in nearly equal propor-
tions, together with some sulphate; and with the addition of some sulphate (about
20 per cent) fo compensate for the unavoidable loss, the cycle of operation is kept up.

The pulp from this process is of very high quality, similar if not superior to
pulp, the only objection being that in consequence of the presence of some organic
sulphur cempounds it is somewhat malodorous, which, however, it might be possi-
ble to overcome, ‘With cheap materials to begin with and easy recovery of the liquor,
this should prove a very economic process. It is really almost the same as the one
described as soda pulp, only that instead of buying the more expensive caustic seda,
this is obtained in the process itself from cheaper and more easily transported ma~
terials. A recent patent by G. Hesse proposes boiling the wood with bisulphate of
soda, then grinding the wood and wusing the spent liquor for the manufacture of
sugar and alcohol.

he acid processes are mors numerous and have come lately more to the front.
Passing by the Bachet-Machard process, which, using dilute hydrocholoric acid,
was employed in Switzerland for making coarse packing paper, and the Tilghman-
Pictet process, employing sulphurous acid in lead-lined vessels, we come to the
so-called (¢) sulphile pulp, which is obtained when removing the incrusting sub-
stances by boiling the wood with acid sulphuroussalts like the acid sulphite of lime
(Ca (HSOs)), or bisulphite of lime and magnesia (%) (HI80s),). The various proc-
esses of this class (developed by Tilghman, Mitscherlich, Ekman, Francke, Graham,
Macdougall, Flodauist, Kellner, and others) are identical in principle and differ
only in technical detail. The boiling liquors vary in regard to acid strength (3 to
5 per cent) and proportion of base, temperature, and duration of digestion (300° to
850° and thirty to eight hours). Various woods require, of course, variation in
strength of liquor, ete.  All require special apparatus protected against the corrosive
action of acids by alead or :&ner (special brick) lining. There are also digesters in
use made of a bronze metal which resists the corrosion.

‘Under a recent patent (F.Salomon) a serviceable lining is obtained by heatvivl;l.ﬁ
the vessel filled with sulphiteliquor or gypsum solution, which, when boiling, wi
deposit a durable crust. This crust, which forms itself during the process anyhow,

. used to be considered a nuisance, as it resisted removal, until it was discovere
that its presence answered 4s a protective lining. It is claimed to be safer than the
combined brick and lead lining for the reason that the latter is hidden from possi-
ble inspection, and any leaks occurring unforeseen give rise to explosions. The
same patentee proposes several other methods of lining.

The source of the acid liquor is either sulphur or pyrites, burnt in suitable ovens
the fumes being led into towers (‘‘ acid towers”), where a constant, well-distributed
supply of water flows over and through columns of basic material (calcined mag-
nesiaor lime) or a milky mixture of the latter agitated in special apparatus, the
reaction in both cases resulting in bisulphite of lime, which collects at the battom
of the tower; from hers it is led to the digesters (1,400 to 1,800 cubic feet capacity),
in which the wood chips have been steamed before for five or six hours to soften
them. The digesters, either stationaryjor rotary, are now filled up, nearly, with the
hisulphite aud the temperature mwto 225° and after a certain stage to 266°, at
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which it is kept until near the close of the process, when it drops again to 220°, the
boiling lasting for thirty to fifty hours. The liquor is then drawn off, the aeid
washed out of the pulp in vats under constant agitation, sifted, drained, and dried.

‘While the lims needed in the process is found almost anywhere—magnesite,
which is found in California, and the dolomites, which are found more generally, and
react more readily—the sulphurous constituents are not as easily obtainable. The
supply of sulphur for the United States comes mainly from 8icily, although sulphur
mines are opened in Utah near Salt Lake'and in Humboldt County, Nevada b-
bit Hole Mountain). Pyrité ores, which form the principal native source of sul-
%lgurous acid, sre mined at Capleton, Connecticut; Elizabeth Mine, Vermont ;

'we, Massachusetts ; Mineral City (formerly Tolersville), Virginia ; and several
localities in ‘Georgia ; also in Nova Scofia and on the north shore of Lake Superior
{Sudbury), and in the Western States. .

It is suggested that thesulphurous producis from the roasting of co;i)ger ores and
of zinc blende ores might be utilized, the latter being fourd largely in Southwest
Missouri (Joplin) and Southeastern Kansas (Galena), Southern Wisconsin and Illinois
(La Salle). It is also suggested that the gas works lime might be worked over for
the sulphur it contains. . .

The residue from the process, sulphate of lime with regin gums, etc., combined, is
" of no value.

The outlay for mill and machinery in this process is said to range from $5,000 to
$15,000 for each ton of daily product, and the cost of manufacture $30 per ton.

(d) Electro pulp is a product of most recent processes (developed bz . Kellner),
in which the wood is digested in a solution of common salt at 250° to 260°, con-
stantly electrolyzed. :

Two digesters in communication are employed and the liquid is kept in continu-
ous circulation from the electrolyzing vessel over the wood in the digesters and
back to the electrolyzer, the latter a separate vessel in communication by means of
pig%s with both digesters.

e electric action splits up the salt into caustic soda and chlor-oxy%en com-
pounds; these latter, of well-known bleaching power, make the usual su uent
leaching unnecessary and the process is said to furnish at once a *‘ snow white ”
fiber. Under this class of processes belong also those pulping procésses which
employ chlorine gas asa disintegrator rather than a bleaching agent. The effect of
the chlorine gas or its active oxygen compounds is to oxydize the incrusting sub-
stances so that they become soluble in very dilute alkali liquors without the need
of higher temperatures.

The bleaching is done, as a rule, by the use of hyposulphite or bleaching powder,
which is mixed with the pulp in varying guantities. )

Lately an electro-chemical bleaching process (E. hermite) seoms to have been
brought to perfection, in which a weak (5 per cent) solution of magnesium chloride
is electrolyzed. The chlorine developed acts as a bleacher and then eombines again
with the base, so that the same liquor can be used over and over again, the cost of
the motive power for the electric machine being the only expense. The elaborate
plant is objected to. (See Journal of Society of Chemical Industry, London, 1890,
containing one paperin vindication (Cross & Bevany, and another against the pro-
cess (Hurter.) A further improvement of this process consists in adding a small
proportion of guicklime to the salt solution, whereby it is claimed the electro-mo-
tive force may be reduced and other advantages gained.

To estimate the commercial value of these various processes three
points, it seems, ought to be considered: (1) The resulting product
as to quality and gield; (?) the cheapness and convenience of the
necessary plant and chemicals; (3) the application to various woods.

Ample water power and clear water, supply of suitable woods
with large proportion of cellulose, long felting fiber, and requiring
least expense in freeing it from incrustations, are the conditions, in
addition to those which favor eny other commercial enterprises, to
be locked for in locating plants. I would especially point out in the
. interest of forest management and forest supplies fhat an adapta-

tion of the plant to the simultaneous use o? the various woods
offered, combining those of long and short fiber, will have to be the
study of the future. ,

The material obtained by the different processes differs in quality
and quantity and answers different purp :
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The ground pulp is naturally of short fiber, and while without ad-
dition of a long, elastic, and felting fiber, onl{ short (brittle) paper
can be made from it, for a filling material of better classes of pulp
in the manufacture of ordinary cheap paper and cardboard it an-
swers very well, giving body and capacity, Common newspaper
consists of 80 per cent of ground pulp. ‘ :

The yield should be 1 pound per horse power Eer hour of dr
stuff and.about 19 pounds per cubic foot of wood where spruce an
fir areused. The larger yie}id reported—namely, 2,000 pounds to the
cord—refers either to a very well measured cord or else to material
not thoroughly air-dried. The plant is naturally cheap and with
pure water and sufficient fall of the same is easilgr ut up and run
economically. The wood need not be as clean as fgr the chemical

rocesses, inferior material being satisfactory, although branch

nots must be removed as they discolor the puip, and rotten wood
can not be used. The better class of firewood answers very well.
All woods can be used for this process, but the harder woods require
more power, and hence are less economically worked, so that now
mostly conifers are ground; also aspen, poplar, cottonwood, bass-
wood, birch, buckeye, and gum.

The brown pulp, which seéms not to be made in this country, yields: -
a much longer and better felting fiber, since by the steaming process
a part of the incrustation is dissolved and the fibers are loosened,
and hence not so much lacerated in the grinding. Since, however,
the dissolved compounds impart a dark color to the pulp, it can beused
only for brown papers. It makes, however, an excellent, tough pack-
ing paperand strong pasteboard. "Attemptsto removethe brown color
by boiling in dilute oxalic acid have so far been only partially success-
ful. A Erocess by which the wood is boiled in hydrosulphuric alkalis
with subsequent washing in hot water seems to be more successful in

gieldirrll%la whiter material capable of treatment with bleaching pow-
" der e salts can be recovered and used again, while the brown
liquor of solved materials may be worked advantageously for wood
alcohol, so that this process promises much economy. The yield of
ulp under favorable conditions is said to be as high as 70 per cent
in weight of the wood, which is the highest claimeg for any process.

The chemical processes furnish the best material, but since the
chemicals under higher temperatures attack and dissolve part of the
cellulose itself, the yield is considerably less than from the mechan-
ical and partly chemical processes. hile the electric process is as "
yet in its infancy, there can hardly be any doubt that it will be rap-
1dly developed and eventually supersede all other processes, since it
involves no other expenditure than that for motive power and prom-
ises to yield a superior product. ,

The soda pulp is similar to that from cotton rags, of greater soft-
ness and opacity than the acid pulps, but the yield is rather low on
account of the strong action of the chemicals on the-cellulose ; thus,
while the bisulphate may fdeld 45 to 50 per cent from white pine,
the soda process would yield only 83 per cent, or 800 to 1,000 pounds
per cord. The present low cost of soda and the easy and cheap
method of recovery from the spent liquor by evaporation and calei- -
netion, in which latter operation thefuel is supplied by the dissolved
omﬁinic matter, are factors of economy which may offset the lower
yield.

The sulphate pulp yields a paper similar in guality to that from -
soda pulp, perhaps somewhat better, approaching linen paper. The
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objectionable smell and the economic features of thig process have
been pointed out before. The absence of tank wastage is particu-
larly noticeable. It is also claimed that it bleaches far better and
with half as much bleaching material as other processes in the
market. It is pr‘obablﬂ clagsed with either soda or sulphite pulps.

The sulphite pulp is harder and more transparent.than the pulp
obtained zr alkaline treatment. It may be used without further
bleaching for tinted and low white paper, but to produce a fully
white material like soda pulp 15 to 30 per cent its own weight of
bleaching powder is required. The yield should be 40 to 50 per
cent, but from the reports it would appear that the practice in this
country brings hardlf more than the soda process. ith the resid-
ual liquor an entire loss; and no special features of superiority, it
is questionable whether this process, although at present on a boorh
and enormously extended, will ultimately maintain its high position
Especially when it is considered with reference to wood supplies, it
can not be expected to supersede the alkaline processes.

ADAPTATION OF WOODS.

The soda and sulphate processes can utilize much more resinous
and knotty woods or parts of trees because the resins combine with
the alkalis to form ‘soaps soluble in water and hence easily washed
out, while the acid processes, like the sulphite, dissolve the resins
on}iy partially, and are, therefore, referablg used for young growth
and sa WOO({ leaving the older ﬁeartwoo intact, although it is
claimed that the knots in spruce and balsam fir soften as readily as
the rest of the wood ; but the heart of the Norway pine and proba-
bly of the more resinous pines of the South would not yield to this
treatment.

The fibers of conifers resemble those of cotton, are of considerable
length, flat, tape-like, and flexible, which characteristics impart to
them superior felting quality. '

The deciduous woods are most readily acted upon by the solving

“liquids, and some of them, poplar, aspen, tulip, and basswood, espe-
cially excel by their white color ; they would, therefore, form a most
desirable raw material if their shorter fiber were not objectionable.
The cells being in the average only about one tenth of an inch in
length, tubular and pointed, they do not make a good felting pulp,
although they are quite flexible, and hence even the chemical pulp
of these woods, with few exceptions, is used only as filler. A further
study of our native hard woods, with reference to their fiber, is,
however, still desirable before classing them all as second for pulp
material.

The poplars, which have the longest fibers of those so far used,
hayve the advantage of apersistent white color, while basswood, nextin
value, takes a reddish fint, birch a pink, and maple a purple hue,
which makes it objectionable; larch is said to color very badly.
Spruce, balsam fir, hemlock, jack pine, cedar-in the North, loblolly
pine, and cypress in the South are at present staples. The spruce
especially furnishes at present the bulk of pulp manufactured in this
country, a frequent practice being to add some poplar or aspen pulp
for the purpose of Whpitening the spruce pulp.

Tt is said that trees twenty-five to thirty years old are best for

~ grinding, that evenly grown wood is the most desirable, and that

trees from marshy ground are not acceptable. The wood must be

)
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freshly cut, as too much exposure to the air hardens the fiber by dry-
ing. By keeping the wood in the water until ready to use it, not
on}}y is it kept softer, but some of the resinous substances are leached
out.

If prices give a correct estimate of values, the chemical pulp is
about two and.two thirds times superior to mechanical pulp. For
the sake of comparison the following quotations are here given: .

At London. |AtNew York.] Domestic. | Tariff.
Ground pulp (pine), dry, per ton .. $24.00 X 1 N N X R
Ground pulp (aspen), dry, per ton. 40.00 Sgg 00 1$26.00- 28.00 |- 42.50
Brown pulp, dry, per to: g - 211 I S | ey
Soda unbleached..... .00 [ §54. \ 6.00
Soda bleached ....... . .80 | -70.0 .00 . 00 7.00
Sulphite unbleached . . . .00 |54, .00 80.00 6.00
Sulphite bleached. ....cviveiiainas 82.00-88.00 | 85.00-95.00 100,60 7,00
Wood our .viiiiiiiiiiiiiiiiiiiaf i caaiane 27.00 30.00 ...

Making the average yield per cord 1,700 pounds for ground, 1,000
for sulphite, and 800 for soda pulp. By the different processes the
value of a cord of weod may be brought to $24.50 or $30, respectively.

.From the compilations of the Paper Trade Journal (Howard
Lockwood, New York), the growth of the industry for the last nine
years can be learned: ,

Growth of daily Eapacity of running wood pulp manufacture,
”

Chemiecal LvGround
fiber.

Pounds. | Pounds.
, 500 484, 300
466, 000 €38, 450
576,000 795,550
587,000 835, 830

537000 | 960,600
602,000 | 1,085,900
617,000 | 1,536,500
866,500 | 2,607,600
1,876, 2,900,700

This would show that the business has increased nearly 500 per cent
in the last eight years and nearly 200 per cent in the last four years.

In 1888 the stumpage consumed for pulp was valued at $2,235,000.
The product, 225,000 tons ground and 112,500 chemical pulp, was val-
ued together at $12,875,000, the capital employed being estimated at
$20,000,000. The figures given beﬁw would indicate a present con-
sumption in round numbers of 1,000,000 cords of wood per annum.
‘When it is considered that about 1,000,000,000 pounds of book and
news paper are consumed annually in this country, two thirds of
Whichmi%ht be made of wood fiber, there is still a considerable mar-
gin for thisuse alone to be supplied by wood pulp. ’ ’

In reply to the question what the Department might do for the
pulp makers’ interests, theneed of stopping the firing of the woods is
most prominently mentioned. The planting of trees, bounty for
guch planting, or distribution of plant material, are also suggested.
Railroad facilities, tariff protection, and reports giving reliable in-
formation are asked for by others,
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Statistics of the wood pulp industry of the United Stales, 1890

(a) NUMBER OF MILLS IN OPERATION AND THEIR CAPACITY.

o Mechanical
Mechanical Chemical (seda) | Chemical (sul- and Total.
(ground) pulp. . fiber. phite) fiber. chemical
combined.
Capacity, daily. Capacity, Capacity,
States. : ; . : S
it 4 : :
g g CE B |Capac:
Y| 3y B | =g B | =g B | 49 Capacity.
P | 8 =1g [ | s 5
gls g | Total 2l g | Total. g %5 Total. g 2
15 AL IR I
& Z | & 5 & &
Maine .......... 151R. 5 407,500{ 4| R0-5! % 662,500
New Hamp-
shire.......... 151 430 © 220,500{ 2 bt 200, 500
Vermont ....... 17) 2801 23,500|....0......]cce.n... 18] 281,500
Massachusetts 3 410 21,000 1 8| 115,000
Connecticut . P P P FUUN PO PR B | e 1 11,000
NRew York.... 6711.5-80] 855,800 4 75| 1,055,300
Pennsylvania.. 3 6-20] 42,000 7 111 300,000
Delaware....... PR PPN [ 1 1) 44,000
Maryland....... 1 250 " 25,0000 1 3 72,000
Virginia ........ 2| 12-18 gg, 006|.. .. 2 30, 000
‘West Virginia 3| 30-30 84,0001, . 4 134,000
North Carolina 8...... 7,000). . 3 7,000
Bouth Carolina cees 2,500[.. 1 2,500
Georgia ........ 5l .64 11, 850;. . 5 11,850
Kentucky ......] 1..... 22,000.. 1 22,000
Ohio ........... 9 8-10] 30,000 5 67,500
Indiana......... 111.5-40{ 129, 500 1 159, 500
Michigan ....... 8 8- 67,000 13| 147,500
Wisconsin ...... 211 6-30| 310,000].. 26| .. 384,000
Minnesota ...... 2 220 22,000!. . 2 22,000
Qregon......... 2 840 48,000]. . 3| 68,000
California ...... ) 40, 000|. 1 40,000
Total ..... 183)...... 2,649,150! 23i...... 687,000 29|...... 237} 8,937,650

Norr.—In addition to the above 237 mills, which number represents nearly all at present in: ogl;;ra,-
tion, there are reported 14 idle and 2 abandoned. From Canada 33 pulp mills are reported, 24 of
which have a daily capacity of 276,800 pounds.

() SUPPLIES AND PRODUCT.

Ranfe of g’ield, per N&“ﬁlge:e‘_’f
4 cord, in hundreds porting
,g of pounds, supplies.
States. v | Kinds of wood used. N Remarks,
. ° : .
8 Me- 2 w‘
2 i o Sul- 4| 1% g .
: o sl 52 g
& : e
Maine......... 12| Spruce only or chiefly..| "16-20i...... 11-18.590! 1..|.
7| Spruce and poplar.. 15--20/ 10....... N O
1 Spruce, poplar, and ..
1 Poplar............... .
New Hamp- | 13 Spruce ounly or chiefly.. 9..1..1 1 get plies mostly
shire. o g a4 " 9 rom naﬁtz:
pruce and poplar......j....... 10....... t  sUpp! partly
. ‘ rom Canada.
Vermont ...... 11| Spruce only or chiefly.. .| 4 1] 1] 1 gets supplies mostly
- from Canada.
5| Spruce and poplar......
1| Poplar and pine......... N I
Massachusetts.| 4| Spruce ouly or chiefly.. .| 8 2 supplies from North-
ern Vermont and
l ; \ New Hampshire,
4| Spruce and poplar....... 17-18l......4...... % JR08 PNt PR O
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Statistics of the wood pulp industry of the United States, 1890-——Continued.

() SUPPLIES AND PRODUCT—Continued.

States,

Number of mills.

Kinds of wood used.

Limited.

Poor.

Remarks,

Connecticut ...

New York. ....

Pennsylvania..

Wegilz Virgin!
North Carolina

South

Geo

o
k]

W =W W AR RO

kit €0 et RO i RO ek 1

—

Ptttk et 2D bk O ek DD

S

g

Spruce ... ......iiieen.

Spruce and hemlock ...|....

Spruce, hemlock, bass .
%prulac:, poplar, and pme

Poplar bass, pine, and

Spruce and pine........
Spruce only or chiefly..
Spruce and poplar......

Poplar, bass, lne .......
Poplar, bass, pme maple
H%mlock, pine, beech,

“White pine ............

Spruce, buckeye, and
maple.

Spruce only or chleﬂy
Cottonw and bass..
ASpen .....cieieininen.
Spruce and poplar......
Poplar, spruce, pine ....
Aspen, poplnr, cotton-

WO

Basswood ....o0vuinnnnn
Spruce. only or chiefly..

Poplar....coocvevninnnns
Poplar, pine, tamarac,
spruce, an lsam.
Aspen, pine poplar
spruce, and bass.
Spruce only or chiefly..
Spruce an 1poplar ......
Spruce, poF ar, pine .
Spruce o Og or clneﬂy
Cottonwor
Tamarac and fir........

k&

E ol

I CY SO,

Supplies from New

nswick and Nova
Scotia.
1 suppl%les mostly from

.| 156 supplies from Can-
ada

ordistantpoints.

1 Su‘?ply from West

irginia and - Nova
Scotia.

Supply from Mary-
land and

Virginia,

Lis ruce from West
and Can<

irginia
ada.
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TIMBER TESTS.

‘While the use.of wood pulp and other substitutes may displace in
many ways the use of wood in its natural state, there will always
be desirable qualities inherent in the latter that make its use indis-

ensable. Hence the desirability of knowing the qualities of our tim-
ers and, if possible, of knowing the conditions under which the
wood crop will develop the desirable qualities. -

Much work and useful work is done in the world by the rule of
thumb. All such work is not reliable and certainly not economical.
‘With the need of greater economy in production, the need of more
accurate measuring arises, and with that the need of more specific
knowledge of the materials to be measured. , :

‘Wood is one of the materials which has been measured by the rule
of thumb longer than others. Iron and other metalsused in the arts
have their properties much more accurately determined than wood
material. Especially in the United States, when we speak of quality
of our timbers, it can only be in general terms; we lack definite data.

One difficulty in determining reliably the qualities of our timbers
lies in the fact that living things are rarely precisely alike.. Every
tree differs from every other tree, and the material taken from the
one hag a different value from that taken from the other of the same
gpecies. Yet every tree has some characteristics in common with all
those grown under similar conditions. But even these common prop-
erties differ in degree in different individuals. Individual variation
tends to obscure relationship. :

The factors' which determine the quality of timBers are found
directly in the structure of the wood, and i} is possible from a mere
ocular examination to judge to some extent what qualities may be
expected from a given piece of timber, although even in this direc-
tion our knowle%ge is very incomplete, and but few definite rela-
tions between structure and quality, or between physical and me-
chanical properties, are established. We know that the width of
the annual rings, their even growth, the closeness of grain, the
length, number, thickness, and distribution of the various cell ele-
ments, the weight, and many other physical appearances and proper-
ties of the wood influence its quality, yet the exact reélation of these
is but little studied. Conjectures more or less plausible, supposi-
tions, and a few-practical experiences preponderate over positive
knowledge and results of experiments. Again we know, in a gen-
eral way, that structure and composition of the wood must depend
upon the conditions of soil, climate, and surroundings under which
the tree is grown, but there are only few definite relations estab-
lished. 'We are largely ignorant as to the nature of our wood crop,
and still more so as to the conditions necessary to produce degirable
qualities, and since forestry is not so much concerned in producing
trees as in producing quality in trees, to acquire or at least enlarge
this knowledge must be one of the first and most desirable undertak-
ings in which this Division can engage. :

Accordingly a comprehensive plan has been put into operation to
study systematically our more important timber trees.

It will at once be understood that as ﬂng as the qualities are to
be referred to the conditions under whiclt the tree is'grown the col-
lection of the study material must be made with the greatest care,

AG 90——14 :
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and the material must be accompanied with an exhaustive descrip-
tion of these conditions. Since, further, so much individual varia-
‘tion seems to exist in trees grown under seemingly the same .condi-
tions, a large number must be studied in order to arrive at reliable
average values. For the present it has been decided to study the
pines, especially the white pine and the three southern lumber pines.

In selecting localities for collecting specimens, a distinction is
made between station and site. ; : .

By station is understood a section of country (or any places within
* that section) which is characterized in a general way by similar cli-
matic conditions and geological formation. Station, then, refers
mainly to the general geographical situation. Site refers to the local
conditions and surroundings within the station, such as difference
of elevation, of exposure, of physical properties and depth of the
8oil, nature of subsocil, and forest conditions, such as mixed or pure
growth, open or close stand, ete.

The sgelection of characteristic sites in each station requires con-

siderable judgment. - ‘
- On each site five full grown trees are to be taken, four of which
are to be regresentative average trees; the fifth or ¢‘check” tree, how-
ever, should be the best developed tree that can be found on the site.
Some additional test trees will be taken from the open and also a few
younger trees. The trees are cut into varying lengths, and from
each log a disk of 6-inch height is secured after having marked the
north and south sides and noted the position of the log in the tree.

The disks are sent for examination of the physical and physiolog-
ical features the Michigan University, Wlljni e the logs, and later
on special parts of the dis]%s are to be sent to the test laboratory of
‘the Washington University of St. Louis. Here, for the first time,
a systematic series of beam tests will be made and compared with
the tests on the usual small laboratory test pieces. Such tests with
full length beams in' comparison with tests on small specimens
promise important practical results, for a few tests have lately de-
veloped the fact that large timbers have but little more than one
half the strength they were credited with by standard authorities,
who relied upon the tests on small specimens.

From the *‘check” tree mentioned before only clear timber is to
be chosen, in order to ascertain the possibilities of the species and
also to establish, if possible, a relation between such clear timber and
that used in general practice; where slements of weakness are intro-
duced by knots and other blemishes. '

An authority on engineering matters writes regarding this work:

Inasmuch as what passes current among engineers and architects as information
on the strength of timber is really misinformation, and that no rational designing
in timber can be done until something more reliable is furnished in this direction,
the necesgsi§y for making a com&etent and trustworthy series Qf §u9h tests.is appar-
ent. This is a work which the Government should undertake if it is to be impartial
and general. . :

A careful record of all that pertains to the history and conditions
of the growth from which the test pieces come, and of their minute
physical examination, will distinguish these tests from any hitherto
undertaken on American timbers. : '

The disk pieces will be studied to ‘ascertain the form and dimen-
sions of the trunk, the rate and mode of its growth, the density of
the wood, the amount of water in the fresh wood, the shrinkage con-
esquent upon drying, the structure of the wood in greatest detail,
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the strength, resistance, and working qualities of the wood, and lastly,
its chemical constituents, fuel value, and composition of the ash.
For this part of the work, which is the most laborious and diffi-
cult, Mr. Filibert Roth, of Ann Arbor, is engaged, having prepared
himself for it by several years of preliminary study in that line.
The testing will be done by Prof. J. B. Johnson, of $t. Louis, whose
facilities, central location, and interest in the work promise desir-
able progress. The collection of the southern pine specimens,
which will occupy the greater attention of the work this year, is
done by Dr. Charles Mohr, which assures a judicious selection of
material and competent desoription of conditions of growth.
Thanks are due to the Louisville and Nashville Railrocad Company
and to the Chicago, Milwaukee and St. Paul Railroad and to the
Chicago, Burlington and Quincy Railroad Companies, who in a
generous manner have offered free transportation for test logs. :
It is estimated that for the first series fifty trees will be studied,
involving about two thousand tests and a large amount of laboratory
determinations. ; » o
Incidentally with this line of work, at the request of the Com-
mittee on Timber Supply of the National Carriage Builders’ Asso-
ciation, some tests of northern and southern grown oak for carriage
stock were undertaken, the results of which are here reported.
Unfortunately it was not possible to secure the test material, or
to carry out the tests as thoroughly as should have heen done, in
time for< the desired report to the Carriage Builders’ Convention.
The following tests and examinations, therefore, are not to he con-
sidered as samples of what will be done, but only as:indications of
the kind of questions to be settled by thisinquiry. It will be found
that the descriptive part is not what it should be, and the number
of tests is too small to allow generalization, yet some interesting
results are nevertheless anticipated from these preliminary tests. -
In the descriptive part the schedule, which is to be filled out for
the more elaborate tests, is given in full in order to establish
uniformity in description. A series of descriptive words appear in
the schedule (as given for sample a), so that tlI;e‘collector needs only
to underscore the suitable one.

DIVISION OF FORESTRY.

(@) Description of station, site, and trees from which test material was taken.

1. Station: A (Connecticut). A. B (Arkansas).
1. Average longitude.... 73. 91, .
2. Average latifude . ... 41,30, 36,
3. Average altitude..,... 200 (2) :
4. General configuration.| Plain, hills, platesu, moun-
tainous, general trend of
) valleys or hills.
5., Climatic features.....l...covviiirinnes covnnniennn &
II. Site: a. b. ’
1. Aspect....uiiuannes -«.| Level, ravine, cove, bench, Specimens seleeted from
: : slope (angle of). | stock in the yard of
2. Exposure.......... .. Woody, Halmeg & Co.,0ar-
3. Elevation above avep- riage stock manufactar-
age station altitude. . ers. . Higtory unknown.
4. Soil conditions........; Upland............... eeees Lowland....| = Supposed to reprasent fair
(a) Geological forma- averageé of first-olass tim-
tions. . ;. bers that ean be suppliod
() Mineral composi- | Clay, limestone, loam, in large quantities,
tions. marl, sandy loam, loamy :
. sand, sand. :
(c) Surface cover ....| Bare, grassy, mossy; leaf
cover abundant, scanty,
lacking. .
(d) Vegetable mold, !
depth. i
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(@) Description of station, site, and trees from.: whzch test material was taken»

Continued,
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II: Site—Continued.
4." Soil conditiong—Con-
tinued.
(e) Grain, congist-
ency, and ad-
mixtures.

(f) Moisture condi-
tions.

(HColor.....cocueunn
(h) Depth to subsoil..

(i) Nature of subsoil.
Forest conditions:
(a) Growth

(b) Associated species
© Proportlon of

the:

gd) Average height .
). Undergrowth .

Conditions inthe open.
(@) Nature of sur-

()] Nature o% goil
er.

3. Special position (if
not covered suffi-
ciently by general

~ description).

Origin of tree........

3 Diazlxlxeter (breast

5 )

8. Helght of stump.....

7 h of felled tree.

8. To height .........

9. Height to first limb..

0. Age (annual ringson

stump).

11. Time when cut, and

after treatment. ...

Very fine, fine, medium,
coarse, porous, lg
loose, moderately oose
compact, binding, stones
or rocks (size of).

Wet. - moist, fresh, d
arid, well drm"ned, liable
to overflow, swampy,
near stream or spring or
o%her k.md of water sup-
ply

Shallow, 6 inches to 1 foot;
1 foot to 4 feet, deep,
over 4 feet, very deep;
shifting.

Mixed, pure, dense, mod-
erately dense. open.

Fleld sture, lawn, clear-
(ga ow long cleared)
Weeds brush, s

‘White
II

Natural seedmg, sprout
from stump, artificial
planting. unknown.

oak..

‘White oak.

(®) Description of test material and results of physical evamination.

Notation as to station, site, and tree

Number of test piece .
Exposure in tree...
Helght in tree.......
Position in tree (with refe:
Size of test materlal

readth
Depth (meagsured acrossr

Number of rin;
‘Width of rings (average)
Summer wood as a whol
Fn-m bast tissue.........
Mpaee lost by large vessels

oigture conditions when

Density.....ccccieniiiiioeiiianns

AaI

North.
‘“ Butt cut.”
.| Not known.

.44
14 inch.
14 inch.

2.7 millimeters.
"80 per:cent.

60 per cent.

14.7 per cent.
N&mly seasoned.

AbII

Southwest
“ Butt cut.”
Not known.

4
1% inch.
1§ inch.

1.5 millimeters.
54 per cent.
87.5 per cent.

24.9 per cent.
Half seasoned.
N

B.
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(e): Results of tests made in Washington University Laboratory, St. Louis, Missour,
by Prof. J. B. Johnson.

Bending and crossbreaking. : earin:
Size of test piece 1§ by 1§ by 4. Compression. Sh 8.
Test piece. -
Ultimate |Resistanceto : sen di
Stiffness. strength, shock, Endwise. Transverse. | Longitudinal.
*Modulus Modulus Modulus | )
Otfi eilas» 3. W.L. Modulus pounds Moduldus MOdul&.ls
(] city, S b, h? S inch- S per ¢ | pounds { & | pounds
rvg(}::l\?;-:d No.| % | pounds | & l?ol?nhds é pounds | % | square | & per “ per
P! . g | per 2 | " per @ ipercuble] @ | fnch. | o & square | ¢ | square
& | square %" square | & | dnch, | ¥ [Sfzelgby| ¥ | inch. | F| -inch.
é inch. | & | “inch. g 5 binches.| & &
A a. I] 1| 9 990,000 3 18,760 | 4 50! 6 6,160 | 1 3,400 | 3 1,37
2{ 51,280,000 [ 1] 18,500 1 ®| 7 5,480 | 3 8,100 | 1 1,560
Average.|....| 8|1,185000{ 1| 16,130 | 1 76| 8 5,800 | 1 3,250 | 1 1,468
Ab. I 8| 61,120,000 8| 12,300} 6 qv |11 4700 7| 2,50 6.........
4110 920,000 5 12,7001 5 55| 9 4,980 | 4 2,800 | 7 1,225
Average.|....| 4 1,020,000 8 12,500 |- 8 51| & 4,860 | 2 2,650 | 8 1,225
5|11] 850,000 9| 11,400| 2 88| 8| . 5280| 5| 270 4 1,87
6| 71,140,000 | 7 12,300 | 7 451 10 4,820 8 2,500 2 1,540
Average.|....| 5| 995,000 5| 11,850 2 64| 4 5,02 | 8 2,600 | 2 1,458
B......... Size: 1§ by 1§ by 18 inches. Size: 1§ cube.
7| 811,570,000 | 6| 12,380 | 9 2r| 4 6,800 | 11 2,000 | 10 860
81 811,100,000 | 2| 14,690 | 3 82l 1 7,800 | 2 3,200 5 1,260
91 41,385,000 { 11-{ 11,240 | 11 195 6,800 | 9 2,300 | 11 825
. Average.|....| 2 |1,351,667 | 2| 12,770 4 43| 2 7,188 | 4 2,500 | 5 982
10 | 11,653,000 | 4| 13,030 8 3| 3 6,900 | 6 2,600 | 8 1,050
11 211,581,000 | 10 | 11,590 | 10 22| 2 7,700 | 10 2,100 | 9 940
f Average.|... | 1|1,617,000 | 4| 12,310 | 5 2% | 1 7,800 | 5 2,350 | 4 995

{ W. = total load at center in pounds,
WL 4! . = ga%gthmin lnc}I:lesi:l
. 1 ioity: T — -7 where { D. — deflection in Inches.
* Young's modulus of elasticity: T — 4D b Ls b, = breacth in inches.
l h. = height in inches.

As stated before, these tests can hardly settle definitely any ques-
tion. Samples 1 and 2 being selected stock, second growth, can not
be used for comparison with samples of B, except to show that for
stiffness the unselected southern stock is superior to the best north-
ern growth, as also in resistance to endwise compression. The sam-
ples 3, 4, 5, and 6 are probably more nearly comparable to samples
of B, and here we ﬁn&) the southern oak very much superior, not
only in stiffness and columnar strength, but also in ultimate cross-
breaking strength, while for resistance to shock at least one sample
of southern oak is superior to three samples of forest-grown north-
ern, and even to one of the best northern second growth. This
piece (No. 8) exhibits, altogether, qualities which render the verdict
tenable that southern oak is not necessarily inferior to northern oak
in any of its qualities.

Beyond this it would not be safe to use these figures for general-
izations. From Mr. Roth’s examination of the two northern oak
samples we learn that the time taken to lay on the same amount of
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wood which the open-grown upland oak made in one year was; in
the forest-grown lowland oak, 21.5 months, showing the former
superior from the forest economical point of view as it is also from
the wood consumers’ standpoint., '

Comparing these two sticks with reference to density they would
stand as 5 to 4, while comparing the relative amounts of firm bast
and spring wood the ratio would be 8 to 5; and Mr. Roth argues
that the former ratio would probably give more nearly a comparison
for strength and stiffness, while the latter should be considered as
the proper ratio regarding the value of the two sticks for wagon
spokes. In rveality t%e tests for stiffness, if the modulus of elasticity
is considered to indicate stiffness, proved the ratio to be nearer 6 to
7, the first stick showing least stiffness. The tests for cross-breaking
strength establish & ratio of 6 to 5, while the ratio of resistance to
endwise compression corresponds to the density ratio.

Resilience (resistance to shock), which Professor Johnson takes as
the nearest expression of the quality called toughness, showed the
ratio of 6 to 5. From these single tests we do not, therefore, derive
#n unmistakable relation of physical and mechanical properties.

FORESTRY INTEREST IN THE STATES.

'While it may not be possible to point to any particular develop-
ment as a sign of progress in the forestry movement, the indications
that greater interest is felt throughout 1'3719 country in the endeavors
of the friends of forestry reform have become more frequent with
every year. One of the most promising signs is the frequent dis-
vussion of forestry matters, not only in the general press, but espe-
cially in the papers devoted to the interests of the lumber business.
‘These papers, as well as lumbermen at large, begin to recognize that
the time 18 nearing when methods of obtaining the supplies for the
Tumber business must be modified so as to secure, instead of pre-
venting, natural reforestation of the better kinds. How the present
methods of lumbering reduce the chances of desirable natural refor-
estation will appear further on. - A

There are now holders of large timber areas who would be willing
to follow a rational policy in regard to their lumbering operations
if they knew how to do it. Sinee conditions vary so greatly, it
would be impossible to give information in this respect capable of
general application. . On the other hand the presentation of what is
involved in forest management, in & definite, concrete ¢age, may aid
in forming some idea of the manner in which other conditions,may
be satisfied. ' ‘

I am fortunately able to furnish such reference to a definite case
of proposed forest management, which, in my estimation, marks a
new era in the forestry movement. I refer to the purchase by the
Adirondack League Club of a large area of virgin timber lands
{some 93,000 acres) in the southwestern part of the Adirondacks,
with the stated purpose of placing it under forest management. As
& proof of the bona fide intention of the club, I may say that the

direction of the forest policy of the club was confided to tﬁe present
writer. . I deem this move such an important one, and the opportunity
of teaching forestry principles in their application to a definite object
go welcome, that I asﬁ leave to reproduce Eere such parts of my report
‘to the executive committee of the club as may be of general interest
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and helpful in inducing other proprietors of woodlands to apply as
far as practicable similar principles. :

To the Executive Committee of the Adirondack League Club, New York:
. * * * * ' * ) ’ * .
The ¢lub is to be congratuldted on two things; first, on the laudable intention of
practically applying, for the first time in the United States, forestry principles to -
the management of its woodlands, and secondly, on the -excellent opportunity for
such gpplication offered in its valuable property, combining as it does the three
eggentidl eonditions which may render profitable forest management in the United:

States at the present time possible, namely, a sufficiently large and compactly sit- -

uated atea, a large‘amount of available and valuable material uninjured by fire
ot otherwise, and proximity to large centers of consumption, to which it can be
made acoessible. )

’ THE PROPERTY.

You have been fortunate in securing in & tolerably compact body one of the best-
wooded, absolutely virgin timber tracts of the Adirondack region, situated in the
southwestern outskirts of the mountain region proper, within easy reach of Alb;:ay
and New York, the largest lumber markets of the East, with waters—the head.
waters of Black River and of the Mohawlk (West Oanada Creek)--capable of floab:
ing the soft woods, and with a topography which admits of easy grades for roads
and railroads, and presents no serlous difficulties of any kind for carrying on lum-
ber operations and forest manageinent. k :

As far as examined the property represents g hill country, well watered, with
gentle slopes and no elevations more than 500 or 600 feet above the mean altitude of

“about 2,000 feet above sea level. The soil is a sand of moderate depth; overlyitig
the native rock, richly impregnated with the products of humification from the
fallen foliage of centuries and then covered with * duff,” resulting from the imper=
fect humification of the spiuce needles, It is a soil, which, when exposed and put
into cultivation, soon shrinks and deteriorates, having no durability for agriéultural
use, but which if kept carefully under forest cover, forms a most excellent basis for
tree growth and forest management, ] ) ) )

The forest consists principally of birch* and maplest of magnificent proportions
with the admixture of beech and black spruce.f There occur on the tract also, al-
thoiigh rarely in large numbers, eéxcept in a few localities, white pine, balsam fir,
tamarack; hemlock (the latter sometimes of large size and in predominant quantity),
and hard woods, single trees of black cherry, elm, and in low places, black ash.
Notie of these or of the few other species found need to be at preseént considered in
the forest management, which will have to concern itself primarily with the birch,
maple, and spruce. The ratio in which these kinds ocour may be roughly estimated
as averaging 40 per cent for the birch, 80 per cent for the maple (hard maple pre-
dominating) and beech, abd 25 per cent for spruce, leaving, say, 5 per cent for the
other timbers. .

* » * * » *

%

The beech, although numerically equal to the maples, shows an inferior develop~
ment and small diameter, and is for that reason hardly to be counted among the
principal growth. It may, in fact, become rather troublesome in the forest man-
' agement, owing to its superior capacity for reproduction under the prevailing light
conditions, thus exeluding the more desirable kinds.

‘The quantities of merchantable timber per acre, it would, of course, be impossible
to state from such a superficial inspection as was afforded the writer. But from
what could be seen in 4 four days’ tramp through the woods, I should be inclined to
consider-an average ¥ield of 6,000 feet of spruce (above 12 inches) and enough of
bireh and maple to inake altogether 15,000 to 20,000 feet of merchantable timber

et acre a fair estimate. This refers, of coutse, only to the fully matured timber.

here i5 also a large amount of ‘¢ down timber,” fallen trees, of which the sapwood -

only is defective, and which will increase the yield considerably. ,

As is the rule in a virgin forest, trees of all sizes and ages occur side by side. It
i, howsver, noticeable that really young growth occurs very rarely, owing to the
fact that the old growth has very 3’ense and shady crowus, shutting out the light

* Two species: Befula lenta, the black or cherry birch, and B. lutea, the gray of
yellow birch. . :

+Acer saccharum, the hard or sugar maple, and the two soft maples 4. sacchari:

1 Picea mariana, formerly called nigra.

‘
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so essential to a proper development of the: young plant. The apparently young
growth of spruce especially, which is found here and there through the woods, is in
fact nothing more, in most cases, than stunted growth of considerable age, which
has been capable of persisting and vegetating under adverse light conditions.

To get at an approximate valuation of the property as a wood producer the fol-
lowing calculation might be ventured: Allowing of the total area say, in round
figures, 70,000 acres as fully productive, and taking 15,000 feet of merchantable
timber standing per acre, I estimate the stock available, at present.figures, as
1,050,000 M feet, board measure, worth on the stump, at present minimum price, a
round million dollars. - Allowing a rotation of one hundred years as. desirable in
which to cut over and reproduce this area—a shorter rotation would probably be
quite practicable—the annual cut in the old stock would yield 10,500 M feet. To this
must be'added an accretion of 850, feet per year to the acre, an exceedingly con-
servative estimate, representing over the entire area 24,500 M feet of annual growth,
80 thatthe property would be capable of yielding annually for the next one hundred
years, and practically forever, at least 85,000 M feet of lumber, which, figured at
the present minimum price on the stump, means an annual income of $35,000.

* * % . * * * *

It should, of course, be understood that an annual cut exceeding the above
figure is by no means objectionable, as long as old stock is on hand and due regard
is given to reproduction.  An annual cut of the same amount in material, or in
value only, from year to year; presupposes that it is desirable to have a regular
dividend of nearly even amount instead of irregular ones. If need be, and if the
conditions of the market make it appear more profitable, there can be no objection
to increasing the cut, reducing it proportionately afterward. .

THE CONTRACT.

The club acquired its property with an undesirable liability upon it, which is
bound more or less to handicap its endeavors in the introduction of forest manage-
ment. Irefer to the contract under which a certain lumber firm obtained the
right to cut during the next fifteen years all the spruce above 12 inches in diameter
on any part.of the property without any restrictions. While as a maftter of finan-
“cial expediency this contract may have been desirable, it was, I understand, an
unavoidable condition in the purchase. As a matter of forest policy, the club can
not flatter itself on having inaugurated any advance upon methods already exist-
ing. Aside from the facts that this contract confers a most valuable privilege at
‘an exceedingly low figure, and takes out of the hands of the club the unrestricted
control of the property, from a technical point of view it can not be considered
good. forestry.  Lumbermen in various parts of the country have before this ab-
stained from taking all the cream at once, mainly because it did not-pay, and hav-
ing left certain sizes of certain timbers uncut, have found and cut a ‘‘second crop”
after a number of years, the smaller sizes having grown to fair dimensions.

Friends of forest preservation in their recommendations, and the commissioners
of Crown lands in Canada in practice, have made the size down to which timber
might be cut a condition of forest conservancy. It can not be denied that by re-
stricting the cut to special timbers and sizes presumably absolute clearing is avoided,
and the absolute exhaustion of the particular kinds of timber on the area prevented
or at least delayed, and in so far as these two contingencies are attained there is a
benefit in this restricted utilization. But these contingencies are matters of chance
rather than of certainty, and the main object of forest management, namely, re-
production of the valuable timbers, is to a large extent, if not entirely, overlooked
and frustrated. For, as I shall presently show, by culling out, as is done under
your contract, the best of the spruce, this species is at once placed at a disadvan-
tage as against those left on the ground. I is questionable whether any openings
made in this culling process would seed themselves to spruce rather than to the
prolific birch and maples, and even if a young growth of sgmce should sprout up,
would it find suitable light conditions to maintain itself? I repeat again that most
of the spruce growth remaining aftet cutting would be not young growth but
stunted trees which had been vegetating in the shade of the.older timber. = °

A restriction in the number of trees per acre which might be cut or which might
be.left would have more show of rational conservancy, but even 8o the demands
of a proper forest management would not be satisfied. ‘ . ‘

If it is considered desirable, as it decidedly should be, to foster and reproduce the
spruce %rowth, it will be necessary to cut and utilize a part of the hard woods simul-
taneously—possibly before the spruce is cut—and the time and manner of cutting
either will determine the manner of reproduction. The cutting must be done with
& view to favor reproduction, and not in the haphazard way in which the lumber-

man does it. Here comes in the science of forestry, .



DIVISION OF FORESTRY. 217

A LESSON IN FORESTRY.
i B
= * » * % . *

‘That foresty is a-business carried on for profit seems still to be a matter unknown
to many who talk and write on the subject. 'As agriculture is practiced for the
purpose of producing food crops, so forestry is concerned in the production of
valuable wood crops, both attempting to create values from the soil. Other condi-
tions like the preservation of climatic, soil, or favorable water conditipns, which
are claimed for the forest cover, may influence and modify the manner in which
the primary object of forestry, namely, production of wood crops and profits, is
attained, but they do not necessarily exclude this primary object. In fact, the de-
mands of forest preservation on the mountains, and the methods of forest manage-
ment for profit in such localities, are more or less harmonious; thus the absolute
clearing of the forest on steep hillsides which is apt to lead to desiccation and wash-
ing of the soil is equally detrimental to a profitable forest management necessitat-
ing as it does replanting under difficulties.

Forest preservation does not, as seems to be imagjned by many, exclude proper
forest utilization, but on the contrary may well go hand ‘in hand. Forestry in a
wooded country means utilization of the wood crop in such a manner that it will
reproduce itself in the same, if not in a superior composition of kinds, as the
original growth. Reproduction, then, is the aim of the forest manager, and the
difference between the exploitations by the lumberman and by the forester consists
simply in this, that the forester cuts his trees with a view of securing desirable re-
proguction, while the lumberman cuts them without this view, or at least without
the knowledge as to how this reproduction can be secured and directed at will.

_ The efficient forest manager requireés no other tool than the ax or saw; he has
missed hishighest aim when it becomes necessary to use the planting tools, unless,
indeed, he meant to introduce new species, which were not at all or not in sufficient
number to be found in the original growth, or unless clearing and subsequent re-
flanting appears the more profitable and more successful method of reproduction.

n hilly and mountainous country this latter method is for various reasons not
desirable, hence management for natural reproduction by proper use of the ax
should here form the rule. i .

How is this reproduction secured? To understand this it is necessary to realize
that as in the animal world so.in the vegetable there is a constant struggle for ex-
istence and supremacy going on among the different species as well as among the
individuals of the same species. All struggle for the occupancy of thesoil. The
weapons with which this struggle is carried on are various, offensive and defensive.
This species seeks. to gain foothold by prolific annual seed production, aided, per-
haps by the lightness of the seed, which is wafted by the winds for miles in all
directions; the ubiquitousness of the aspen wherever an open space affords light, is
accounted for by this capacity.

Another species by its dense foliage shades the ground so that no rival can find
favorable conditions of existence undermeath; such are firs and spruces. -Others
again maintain themselves by developing a vigorous root system, which enables
them to endure the shade of the superior growth, vegetating poorly, but biding
their tire until other agencies have decimated the enemy, ready then to occupy the
field. The oakis an example of this kind. The ‘alternation in forest growth, so
often looked upon as a mystery, is thus accounted for. Man by fire or ax, nature
by tempests and insect pests removing the superior growth, the species which per-
sisted under the shade of the former and escaped or resisted the destructive agencies
will occupy the ground.

Especially the different requirements in regard to light conditions and the relative
rate of height growth, by which the species may or may not escape suppression by
its neighbors, influence the temporary local distribution of plants and are of greatest
interest to the forest manager. Light is one of the essential factors of tree growth
and almost the only one which man can regulate. Forest management, then, could
almost be defined as management of light conditions. The leaves exercise their
functions under the influence of light and feed the tree by assimilating the carbon
of the air. Such thinly foliaged trees as the aspen and some of the birches and
others can only exist under a full complement of sunlight; they are, therefore, en-
dowed with a rapid rate of height growth to enable them to grow quickly out of
‘the danger of being overshadowed by their neighbors. Other species, like the firs,
and in less degree the spruces, with 2 dense foliage and a large number of leaves,
can be satisfied with less light and are as a rule slower growers; other kinds again,
like the oak, while dependent for their full developmenton a large amount of light,

robably by virtue of specially vigorous root action, can persist in the shade for a

ong time until more favorable light conditions. allow thrifty growth. Especially
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are the young seedlings of most kinds very sensitive in regard to light conditions
and some have such a small range of light and shade endurance, that while there
may be millions of little seedlings sprouted, they will all perish, if some of the mother
trees are not removed and more light given; and they will perish equally, if the old
growth is removed at once and the delicate leaf structure under the influence of the.
direot sunlight and heat is called upcn to exercise its functions ‘beyond its powers.
We, can, then, understand that not only the different species, but the same spedie

at different, periods of life, make varying demandsin regard to light conditions; and.
the art of the forest manager in secuting reproduction as well asin other opérations,.
thinnings, etc., consists mainly in a proper regulation of light conditions by a proper
and timely use of the ax. . ) } -
The composition of the forest, climatic, soil, and moisture conditions modity again

. the requirements, so that all geheral rules of management need to be modified ac-
" cording to local conditions; and it will appear at onte that a considerable exercise.
of judgment born of experience and knowledge is expected of the forest mana-

ger. ; :
To further elucidate these and some other considerations involved in forest m“m%;
mient, let me briefly trace the manipulations with reference to & specific case, in &
reproduction, for instance, of the beech, as practiced over large areas in Germany.
The beech, liite many other timbers; bears seed only periodically, . Beed years coouz
in different localities at periods varying from three to even twenty years, records of
their ocewrrence being kept. A few yeéars before the seed year is expected to ocour
the forest is soraewhat thinned out to admit air and light upon the soil, in order that
the litter of the forest floor be more rapidly decomposed and humified and 86 may.
form a suitable seed bed for the sprouting of the seéd and algo to stiraulate the mother
trees to a plentiful production of superior seed. In this thinning the inferior ma-
terial and the undesirable kinds are first removed and such kinds as reproduce them:=
selves easily without aid from the forester. When the nuts fall pigs may bedriven
int6 the woods to plow them under.- Under favorable conuitions a soft green om
g}fl» yom?lg beech seedlings will be found to cover the ground in the Spring next

¢ seed year. ,

Now comes the critical period. If the mother trees were left the whole ctop.
would be lost, and while waiting for the next seed crop under the altered light coni«
ditions, which invite grasses, weeds, and other species to' come in, the difficulties
in securing reproduction are increased. By thinning out gradually, the %ro ¥
amount of light is given to the young crop and when in three or four years the lagh

of the mother or nurse trees are removed, a thicket of youn beeches has replaced
the old growth. In a similat manner, with necessary modificationg in procedure
a?fcozc;ilng to species, climate, and soil is the natural reproduction of other species
effected. .
The practice of the forest manager, then, is to:assist the desirable species in the
struggle for existence and supremacy, to antagonize the undesirableé ohes, and to cres

’ téte _ropir eonditions of soil, light, and composition of apecies for a desirable repro-

ugtion.

The practice of thinning is based on similar principles. Regard to the danger of
windfalls, of fire, of frost to the young plants, etc:, will also influence the manage:
ment. . .

So much for the technical part of forest management. !

There is, as in every producing business, besides the technical part, a filnancial oz
mercantile part of the business. So in forest management we find a technique;
which is based upon a thorough knowledge of natural sciences, and a mercantile
part, which requiires a knowledge of the factors that make such a business profita«

le. The technical administration and the mercantile administration must work
other harmoniotisly, adjust and compromise their needs in order to arrive at re-
sults desirable to both. : ;o

The conditions of a proper mercantile forest management need also a brief consids
eration here. The absence of forest management in the United States ia dueé to
various causes, mainly atising from the state of our cultural and material develop-
ment. As long as the competition of wood supplies from virgin lands, e sloited
for the best timber only, is to be miét, forest management will_be beset with great .
difficulties from a financial point of view. Yet it is not impossible, impracticable,
untiinely, or unprofitable in the location and under the conditions in which. the
club's property is found. A near miarket and faeility for bringing even inferior ma~

* Reproduction from seed only is here considered, the reproduction from the
stiimp, of which broad-leaved trees—not the conifers—are capable, may be left out
of consideration at present; its desirability or undesirability on the property may be
discussed at some other time, ( N
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terial to market profitably are the conditions without which foresiry is financially
impracticable. Accessibility, easy, cheap, and permanent means of transportation,
furnish the keynote of profitable forest management. .

The lumberman places only a temporary value on his property, quickly gets out
the most valuable timber, taking}the cream and leaving the balance, like skimmed
milk, in the woods, to rot, burn, deteriorate. If natute so wills it and some cream
was left in the first operation, he may return and repeat the skimming process once
or twice, leaving at last an undesirable scrub-growth or ¢ bush.” The forester con-
siders his property as a permanent investment, to produce revenue constantly and
forever, in increasing rather than decreasing ratio. The factor of permanence is
ever present in his methods. Like the owner of a large office building he spends
part of his income from year to year to repair, improve, and enhance its value.

Here again, as in the technique, the business of the lumberman differs in methods
of administration from that of the forester. The lumbernian works for the present,’
the forester for the future. The lumberman begins his operations wherever he can
get out his timber most readily; the forester has different reasons for cutting over the

istrict in a certain order (danger from windfall, frost, fire, insects, etc.). The lumber-
man builds shanties, temporary roads, and waterways; the forester builds houses or
at least plans them for permanent occupancy, and he plans, lays out, and builds
mmanent roads and other permanent means of trans%ortation, which will enable -

im to utilize to the fullest extent all the product of the soil, from whatever part
of his property it may appear desirable. ' The difficulty of doing so profitably, often,
to be sure, hampers the technical managément. The technical manager might see
the desirability of thinning a young growth in ovder to bring it to a more rapid de-
velopment, but not being able to dispose of the inferior material, the finaneial man-
ager objects to the expenditure for the operation. The technical manager can see
that in order to secure desirable reproduction, some kinds of timber ghould be cut
first and others later, but there being no means for marketing the former, and the
latter being, perhaps, floatable by the natural waterways, the financial manager
insists that these be utilized first and thus the task of the technical manager may be
greatly aggravated. )

The demands of both technical and financial considerations constantly require
adjustment. Protection of the forest against fire is a constant care both of the
technical and financial manager. How to do this effectively and how to do it with
the least expense is the problem. Here again a proper road system -and districting
of the area is an important factor, enabling the manager and his force to reach
easily any part of the property that might be endangered, and secondly enabling
1f;he utiii].izatlon of inferior material, which if left in the woods, increases the danger

rom 1ire. .

~ As the nims of the technical part of forest management can be summed up in
two words-—natural reproduction—so can the financial policy be formulated as
consisting in wise curtailment of present revenues to secure permanent and increas-
ing revenues for the future.
) * * * * * * - ¥

For the putpose of illustrating the financial working of a forest administration,
I may subjoin the following tq%le, which exhibits'the actual results of the forest
administration of the Duke of Anhalt in Germany for eight years. The property
consists of somewhat over 57,000 acres in all; mountainous and mostly of conifer-
ous growth, presumably without much surplus old stock and, if the annual cut of
47 cubic feet of wood per acre—a very low average—represents the annual accretion,
not of very good production. The annual cut averages in round numbers 2,675,000
cubic feet, of which 27 per cent represents lumberwood, the balance firewood; or,
in round numbers, 7,000,000 feet board measure and 20,000 cords firewood. The ad-
ministration is of old standing, snd expenditures may be considered as current and
not extraordinary; receipts other than wood refer probably to rent for meadow-
- lands, game and fishing privileges, stones, ete. The administration cuts, but does
not move the wood; prices, therefore, refer to the cut wood in the forest. DBesides
one forest director with three assistants and several clerks, there are fifteen district
officers and forty-eight assistants and guards, the cost of the administration amount-
ing to $30,000 annually,
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'Results of forest administration of the Dike of Anhall for eight years. ¥
2 R (Y] L

[Round: numbers.]
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From lurpber wood alone the average income would be $59,500 in the woods, the
cost of cutting in round numbers $5,500, leaving ne§ income of $54,000, or over one
half of the total net profit.

FOREST POLICY,

The policy of the club will have to be to find, as soon as possible, means of mar-
keting the hard woods. This involves laying out and gradually constructing a
rationally disposed, well built, permanent system of roads, the encouraging of rail-
road building to or through the tract, and of manufactures near to it which can
utilize the inferior material, Of the latter may be mentioned pulp mills, employing .
both mechanical and chemical processes (the former for utilizing the hard woods,
especially the beech and inferior birch), small woodenware, furniture, and carriage
material manufacture, ete. - i

There are quite a large number of *“ seamy” spruce trees on the land, unfit for lum-
ber, which would make most excellent pulp material, in addition to the top mate-~
rial alluded to further on.

Especially desirable is the establishment of enterprises using firewood or char-
coal. The club could afford to give the wood leave for smaller-sized cord wood for
almost nothing, while with cheap fuel and convenient means of transportation the
manufacturer may be able to sEoulder the inconvenience of using inferior mate-
rial and of less convenient location.

T desire here especially to call attention to the great importance which the manu-
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facture of pulp has acquired- during the last few years... It may prove one of the
most potent enemies to our forests, or else it may become the best friend of those
who strive to introduce rational forest management, according to the manner in
which the raw material is obtained.. By using up the inferior material it may sup-
Ply the one condition of profitable forest management.

Since by the present processes of manufacture the hard woods can only be
used as filling material of the pulp made from coniferous woods, it should be studied
how both kinds may be utilized simultaneously, in order to aid instead of impede
the task of the forest manager in securing reproduction. I advise especially that
you do not precipitately contract away the soft pulp woods without reference to the
simultaneous utilization of the hard woods.

It may not, perhaps, be necessary for the club to do its own lumbering; this may
be done under leases to lumbermen, as in the caseof the spruce. In that case, how-
ever, the leases must be so formulated and executed that the object of the forest
manager—proper reproduction and improvement of the property—can be attained
at the same time.

To avoid complications and to make the forest management most effective, it
would, however, be altogether preferable that'the cutting be done on account of the
club, the lumbermen to buy the logs or cord-wood cut, as it would be irksome and
difficult to control the lum| an in his operations. This method of doing would
have also the advantage that the men engaged in cutting and superintending the
logging are under directions and may partly enlarge the permanent force of the
forest administration.

The working for reproduction must be mainly directed upon the birch, maple,
and spruce, except where special soil conditions and composition of the original
growth demand or permit the favoring of other timbers. The detail in methods
will have to be a study for the resident manager, a problem which can not be solved
ex cathedra, but needs careful observation and consideration, and perhaps some
trials first. )

That the property must be guarded against fire, trespass, and improper cutting
under the contract goes without saying. The cutting open of the boundary lines
and proper marking of the same, with subsequent frequent revision or renewing of
the marks and the districting of the property, should naturally receive early atten-
tion, as protection is facilitated by a definite knowledge of the extent.and nature of
. the property to be protected.

FOREST FIRES.

The greatest danger against which the club has to guard is that from fire. Itis
miraculous almost that %re should not before have touched this tract, and this can
be explained only by the comparative isolation in ‘which the tract has been hitherto.
‘With the opening up of the property and especially with the beginning of lumber
operations, the danger increases and hence this great enemy of the forest must be
anticipated.

The elaboration of regulations in regard to the use of fire on your property should
engage your earliest and earnest attention. - In spite of all rules and regulations and
precautions against fire, it is to be expected that fires will break out, and prepara-
tions to fight the fires effectually will also have to be in the programme of your
administration. I can not too strongly urge lflipon your committee the necessity of
dealing with this subject energetically and unflinchingly at the outset.. The whole
fire question in the United Statesis one of bad habits and loose morals. There isno
other reason or necessity for these frequent and recurring conflagrations. It re-
quires only that a strong moral impression be made upon those. responsible for them
to reduce and ultimately remove this bugbear of American forests. )

The club can afford to employ its entire income for several years solely to this
object of showing its determination to break the spell and to make the appearance
of fire the exception and not the rule. This can be done only by a comparatively
large and well-organized force of fire guards, who willenforce the proper preventive
measures and regulations rigidly and put out any fires as soon as discovered. By as
much as the property is made accessible through a proper road system and con-
venient division into districts, by so much will the number of necessary guards and
their labor be diminished.

The danger and damage from fire is increased wherever lumbering is carried on,
especially from the fact that the leavings, tops of trees and limbs dry rapidly and
lend intensity to any running fire. The proper disposal of these leavings should
have been considered in your lumber contracts. In the absence of conditions to
that affect the club must dispose of the matter on its own account. - It has been
urged that the leavings should be gathered and burned. This is expensive and
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wasteful and it is my opinion that, at least with the spruce under the eonditions
before us, it is unnecessary. ‘The danger arises from the fact that the 4ops braced
up by the branches from the soil are dried and kept dry, like tinder. By lopping
the branches and letting both branches and tops falgl) to the ground, itis to be antici-
]ﬁaéiéed that the material would be kept wet from the winter snows .and soon be rotted.

ides some useful material for pulp manufacture, which the lumberman would
‘have left, might be saved from this top material. I would at least recommend the
trial of this method. The lopping should be done soon after the felling and it might

be possible to make arrangements for this work with thecontraetor for the lumber.
* * » : .

L] * * . L
ORGANIZATION.

It would be folly to undertake for the present the more refined methods of forest
management practiced in Furope, or to attempt an elaborate system of organiza-
tion, such as may in time become desirable. Yet, even if it were only for tﬁe ur-
pose of properly guarding the interest of the club and its property, an organized
administration must appear desirable. Such an administration would require a

resident anager, three or four district officers; and a large number of permanent

or temporary guards. The manager should, if possible, be a man with the knowl-
edge of the principles of forest management as practiced abroad, yet also acquainted
with the difference of conditions and methods prevailing in the United States, and,
- while determined and energetic, yet possessing a sufficient amount of that tact
"which is required to introduce new methods without unnecessarily creating antag-
onism and ill-will = His duties would be to have the general charge of the local
administration, executihg the orders of your committee, assisting the members of
the club in locating and constructing tf‘{eir camps. He will have to study, map
himself in detail, and district the property and lay out the road system, supervise
the constriction of roads and other improvements. He should therefore be con-
versant with such surveying and engineering work. He will superintend the exe-
cution of the lumber cutting, make out the lumber inspector’s statements for sattle-
ment, and after having familiarized himself with the prevailing forest conditions,
devise in detail the plans for a proper forest management. He will be res onsible
for the protection of the property against fire, theft, poaching, etc., keep the force
under him to its duties and attend to prosecutions of offenders in the local courts,
etc. It may be difficult, though not impossible, to find a competent man of such
quality and knowledge. The success of the club’s enterprise must largely depend
upon _finding that man. I have described- here only a part of the duties which
are expected of the district officers in French-and German forest administrations.
T'o such a man the club can afford to pay a good salary. i

The district officers should be reliable men, with some knowledge of woodcraft,

and capable of acting on their own responsibility. They should be stationed each.

one in a different district, for which he will be held responsible. During the lum-
bering season they will be mainly engaged in watching the lumber operations and
surveying lumber cut under contract or otherwise. Those not 8o engaged will assist
the manager in the survey and locating of roads, etc.,or they will superintend directly
the work on roads, improvements, or other operations. In summer time and dur-
ing the hunting and fishing season they will be espeoially charged, with the aid of
the guards, to watch for fires and trespassers, and their energies should be entirely
“devoted to the duty of protection. :
The permanent force of guards need not be large, only as many as could be prof-

itably employed in the works of improvement going on during the off season, when .

danger from fire or poaching is passed. One assistant to each of the three or four
district officers and to the manager might suffice. These officers as well -as the
guards manst be under the direct orders of the local manager.

T have pointed out that this permanent force could be larger, if the club does its
own timber cutting, the foremen of the lumber camp becoming guards during the
hunting season. Otherwise this force may have to be increased temporarily during
the time of need, say for the months of June to October. But the protective effi-
ciency could be greatly enhanced without much, if any, additional cost by having
only licensed guides on the property and by charging hese guides, who are neces-~
sarily all the time going through the woods, with the right and duty to enforce the
regulations of fire and game laws. -

In order to make this force still further effective, all the officers and guides should

_be clothed, if that be attainable, with sheriff’s power for the enforcement of the State
game, fire, and trespass laws. It is the present circumlocutory manner of applying
the law and absence of proper police force which make the State laws largely nuga-
tory. Responsible people, with a permanent interest in the property they are to
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guard, clothed with the power to apprehend and bring to jail any offenders, will soon
make that moral impression which is necessary to change present malpractioes.

The permanent officers should live on the property and be so located as to guard
especially the entrances to it most effectively. The cost of an efficient service liké
the one described I estimate in round figures at $8,000 for the permanent force, the
lodges for officers to be furnished by the club. For the first few years as liberal
a curtailment of the income as possible should be sutfered by the club for improve-
ments, especially roads. The value of the property will rise in excessive proportion
to the expenditures made in rendering it accessible. :
. * o * * *® * * )

In fact, as soon as the service is satisfactorily organized and the preliminary work
of mapping and the location of a rational road system determined upon, the work
of developing it should be pursued with all energy up to a certain pomt, afterward
more gradually; for, as I have tried toimpress upon youin the foregoing, proper and
profitable forest management is dependent upon the possibility of marketing inferior
material, and this is possible only with permanent and easy means of transporta-
tion. * * * * * *

I have dwelt at length on some elementary considerations, because with the pres-
ent movement in the State of New York to establish in the Adirondack region an
extensive State park it is desirable that the members of your club should be fully
imbued with proper conce}i\};ions as to what is or ought to be involved in such a
Eyroposition. The State of New York has hitherto been incapable of grappling with

he question of forest preservation in the Adirondacks solely because of ignorance
as to what forestry and forest conservation involve, and, secondly, because the
questian wag not treated as a business proposition. The club will fail in the same .
way, as far as forest management and forest conservation are concerned, unless it is
placed upon a business basis. ) ’ .

The great State of New York, with 8,000,000 or 4,000,000 acres of woodlands re-
served as a State park as proposed, ought to be able with such a park not only to
protect its watersheds an({) to furnish hunting, fishing, and health resorts to its cit-
izens, rich and poor, but with only half the area productive and large amounts spent
for improvements and recuperation of burnt areas such a forest property should not
only pay its mainténance expenses and interest on purchase money, but by and by
return to the treasury and relieve of taxation its citizens to the amount of sev-
eral million dollars.

FORESTRY EDUCATION.

The difficulty of introducing proper forest management into the
United States, aside from that inherent in the economic development
of the country in general, as pointed out in the foregoing pages, may
be assigned to the absence of competent managers. The demand for
such will presently arise, and it will be difficult to meet it. .Tt is
questionable whether forestry can be studied in this country to ad-
vantage as long as it is nowhere practiced, and hence practical illus-
tration is lacking. Ontheother Eand itis doubtful whether foresters
can be imported from abroad capable of adjusting their methods to
the different conditions existing in thiscountry. = It seemsbest, there-
fore, that young men with suitable preliminary preparation should
go abroad to acquaint themselves, partly at the forest academies and
partly by practical work in the woods, with the theory and practice
of forest management. A sojourn of from one to two years abroad
should suffice for anyone equipped with the necessary botanical and
technical preparatory education. . : -

For the purpose of ascertaining the present educational facilities
existing in this country, letters of inquiry have been addressed to the
various agricultural colleges and experiment stations. = Leaving out
negative re%)lies, the following abstracts from letters received from
%yofessors of horticulture and botany show the extent of these facil-
ties. CoL

Students coming from these courses and wishing to prepare them-
gelves to become forest managers, may find it advantageous, before
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taking a course abroad, to avail themselves of the facilities of this
Division, now quite considerable, for the purpose of ac uainting
themselves with the literature, classic and current, and with the the-
ories upon which forest management is practiced abroad. »

VERMONT.—State Agricultural Experiment Station; W. W. Cooke, director :
Forestry is incidentally touched upon in our course on physiography. Special at-
tention is given to infitence on rainfall and climatology. All'students in agricul-
tural course take physiography (Tyndall’s work) in spring term of freshman year.

REODE ISLAND.—State Agricultural School: Prof. L. F. Kinney will teach for-
estry two hours a week in the spring term, and discuss in lectures the propagation
of forest trees. methods of planting, effect of forests on climate, etc. All students
take this course. Present class, 80. "

MASSACHUSETTS.— Agricultural College; Prof. 8. T. Maynard: Forestry taught
twelve weeks in junior year by lectures and text-books. Thorough botanical study
of American forest trees. . In horticultural lectures propagation of fruit and orna-
mental trees, special niethods in nursery, transplanting, and arranging in forest
plantations, time of cutting timber, seasoning, etc.; quality of -wood and timber of
common timber trees, study of condition.of forests, especially in New England, im-
portance of their preservation, influence on climate, rainfall, droughts, etc. Bussey
Institution of Harvard University; Prof. B. M. Watson: Give thirty-six lectures
on trees and shrubs, in addition to regular course on horticultural practice, bearing
chiefly on ornamental planting. Instruction on methods of propagatingand plant-
ing, care of nurseries, and method of treatment to bring existing plantations into
good condition and to maintain them so.

NEW YoRE.—Cornell University, College of Agriculture; Prof. A. N. Prentiss :
Lecture on arboriculture once a week during the year, with collateral reading and
some field and laboratory work on native trees. Some lectures on forestry in
Europe and on forestry and forest problems in the United States. Study wholly
elective and attended by fourteen-students.

PENNSYLVANIA—State College; Prof. W.' A. Buckhout: Lectures on forestry.
Endeavors to present the subject in all its parts.

Trxss.—State Agricultural College, horticultural department; Prof. 8. A.
Beach: Forestry is given in the senior year of the courses of agriculture and
horticulture, during the fall term. Two recitations and one *‘ practice ” per week.
Practice with compound microscope on structure of leaf and wood. Identification
of trees. No strictly forestry course. )

MicHIGAN.—Agricultural College; Prof. J. W. Beal: Forestry elective in senior
gear. Daily study twelve weeks. Lectures. Excursion to arboretum and woods.

tudy of the most prominent species of the neighborhood, physiology and growth,
classification, something of distribution, management of forests here and in Europe.
Timber, structure, and uses. About half the senior class, if any, elect forestry,
say fifteen to twenty. . :

MINNESOTA.— University, College of Agriculture; Prof. S. B. Green: Give all in-
struction in winter, so can not demonstrate some points as I would like to do.
Lectures, in connection with Hough’s Elements of Forestry as text-book, and col-
lection of plants on University grounds. Special attention to climatic effects of
forests. Economic value, shelfer belts, desirable species to plant, and methods of
planting, identification of species. All graduates required te take the course and
it is very popular. . ’

MigsouRL—Agriculiural College and Ewxperiment Station; Prof. J. W. Clark; .
Instruction by lecturesand practical work in the nurseries. Use, durability, rapidity
of growth, adaptation, modesof propagation and cultivation, diseases, insect enemies.
About eight students take the course. . S

NORTH DAKOTA.—Agricultural College: College lately established. Catalogue
shows contemplated lectures (six) on forestal subjects.

SouTH DAROTA.—Agricultural College; Prof. C. A. Keffer: Forestry taught by
lectures and assigned reading. Students required to take field notes on character-
istics. rates of growth, methods of culture, etc. Excursions to natural woodlands
and plantations. ' Infiuence of forests on climate, wind-breaks, characteristics of
trees suitable to South Dakota. - All junior class take forestry. Ten students this
year. - Forty students worked on the forest plantation. K

K ANSAS.-—-State Agricultural College: Prof. E. A. Popenoe: Instruction in for-
estry given.only so far as relates to propagation and management of trees for wind-
breaks and ornamental planting. Instruction to all students of the second year.
Plantation of 20 acres of forest trees on college grounds, set both in pure blocks,
and mixed, Thousands of trees experimentally propagated annually. This work
and the caré of plantations in the hands of students almost exclusively.
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TrLvors. —University of Ilinois, College of Agriculture; Prof. T. J. Burrill:
Seven weeks optional instruction on férestry to senior class. Few, sometimes none,
take it. In the regular course, forestry touched upon under botany and landscape
gardening. Species identifled in the woods and the laboratory, and characteristics
studied, with some lectures on geographical distribution. Trees for ornament and
shelter studied in ten lectures, with illustrations on the grounds. From ten to
twenty students in this required course. :

OREGON.—Agricultural College, Experiment Station; Prof. E.R. Lake: Forestry
elective in fourth year. Institution only three years old.. In second year students
in the mechanical course have a course on “ wood structure.” Use Ward on * Tim-
ber and its Diseases,” with lectures. .

UTAH.—Agricultural Experiment Station; Prof. E. S. Richman: Nothing done
yet.. No class yet for second year. In the future I will make forestry a special
feature, chiefly with reference to propagation and cultivation of trees valuable for
lumber.

CoLorRADO.—Agricultural College, Experiment Station; Prof. C. 8. Crandall: No
special course in forestry, but in connection with horticulture; lectures on gather-
ing, preservation, and sowing of forest-tree seeds, treatrment of young seedlings, and
best methods of culture, especially of species adapted to this region, Art of trans-
planting and use of trees for ornament, shelter belts, etc. Ten studentsin last clagss.

CALIFORNIA.—University of - California; Experiment Station; E. W. Hilgard,
director: Forestry taught only incidentally, as connected with the subject of eco-
nomic botany, .

STATISTICS OF EXPORTS AND IMPORTS OF WOOD AND WOOD
PRODUCTS.

As has been customary hitherto the statistics of forest products as
extracted from the report of the Bureau of Statistics is exhibited in
the subjoined tables, in comparison with the figures returned for
the year 1830, from which we learn that our exports have grown in
value by about 75 per cent during that period, while imports have
advanced only 50 per cent. It will be observed that the increase in
exports is greatest in the crude material.

Exports of wood and wood products, 1880 and 1890.

1880. 1890,
Cuhic feet.| Value. |Cuhicfeet.| Value.

Articles.

81,000 | U155 | 078044 | 410,748
H 28,767,000 | 4,228,250 §5 051, o9 9,374,588

‘ ood '
Boards, deals, and planks

Joists and scantling...... . 2,223,666 ,
Hoops and hoop Poles......uuuuieeeeniiiiinnnnnnnnnnn. 5,339, 800 427,187 749,725 , 978
Laths .., eeeiiiiiiiiiiiiiiiiiiee st 79, 575 11, 936 g 167,856 24,951
Palings, pickets, and hed slats........... ........... » ! d 238,480 30, 653
sann%I L O S 760, 354 165,893 511,378 111,926
Shooks:
lggﬁ: .............................................. L' 544,328 136,082 9 gg,gg? ’}(lsgggg"
L , 299, 3
Staves and headings. ... .. .. .. il §| 85,109,760 | 3,510,976 {37, 152,855 | 9,476,857
All other lumber.........oovevves vivvnennivininn l, 6,379, 590 765,550 | 11,292, 1,355,141
Timé]er:ed 22, ¥82, 000 8 384, 84
2w , 182, , 884, 847
ewed 16,305,346 | 2,219,3% { 8,782,761 | 1,381,747
Logs and other timher 9,874,100 789,927 | 21,004,325 1, 6580, 346
Total unmanufactured............. teeieeseannes 98,607,455 | 12,261,682 (159,476,714 | 21, 764,884

Manufactures of--
Doors, sash, and hlinds*.............ocevuurnnnnn..
Moldings, trimmings, ete.......... .............."

427,787 320,840
155,060 116,295
567,087

Hogsheads and barrels, empty.................... 349,372 67, 425,208
Household furniture. ... .| 2,205,171 4,118, 506 , 088, 902
Wooden ware,.......... 441,516 331,137 480, 687 360,515
All other manufactures. .| 2,804,867 | 1,728,650 | 2,939,420 2,197,815

Total manufactures............... TN 5,300,926 | 3,975,694 | 8,679,497 6, 500, 645

*Until 1884 the exports of doors, sash, blinds moldings, etc., are included hy the Bureau of Statis-
tics in ‘‘ all other manufactures,” and can not be given separately. For the Same reasonthe reports
of some other articles can not be given separately for every year,

AG 90—15
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Exports of wood and wood products, 1880 and 1880 Continued,
1880. 1890. - :
Articles. .
‘ Cube feet.|  Value. |Oubic feet.; Value
Naval stores: .
ROSI.ceeiviesenenennnns Nresrreecennenied feeosens [ 768, 873
b T fesneees seees beceseanes $2,452,908 {.. 0000 aiane 56, 105
Turpentine and ‘pitch. ...l reeeeeineesesnnen X 033,037
Spirits of turpentine..............o.0 ferereeenenes 2,182,154 ..o oiee | 4,890,981
Total naval stores and spirits of turpentine.. ...} ceoeenennes 4,585,082 [oeeerinennns 7,444,446
ABNGS viiiiiiiiiiiiiieeaeeens essesesanens 4 P N fieee 110,578 26,211
Bark and ta.xmmg extrwcbs . 210 126 1., 268, 764
GINSENng .ovvvivervnnnnnnns 533, 042 605,238
MatChes....ooeeeeeienees 119, 246 62,284
'Agricnltuml implements.. , 245, 742 3, 859, 184
BeWing MaChinesd . .veeuveenrueriieneiintiiioiieiennes 1,649,867 - §,708,780
TUSICAl INSETUINBNLS 1 vveesvuiserneasssaeseessessoneesalonssnanaanns 811,177 1,105,134
C&rriagesandsteamandhmsecars.................. veseeqeeaeen 1,407, 425 4,748,678
- Total miscellaneous, ........... fereeeeeees Vieeee 105,724 | 7,086,708 189,512 | 18,40%, 58
TOLtAl BXPOTLI ot sieerevvvneennsessnaaanassans 104,014,105 | 27, 909, 141 (168,288,728 | 49,181,233
Imports of wood and wood products, 1880 and 1890.
1880. ' 1890.
Articles. .
Cubic feet.| Value. |Cubie feet.| Value,
Free of duty.
‘Wood, unmanufactured not elsewhere specified:
FEOOWOOW 2 v vnvn rannrnsensnnsnsesenane .. .| 18,189,816 | 066,044 | 19,660,876 |  $390, 882
Logs and round timber..... 4,878,400 849,872 | 11,818,776 945, 022
" Ralroad HeS.eeeseee ernnsn 3565988 | 213,069 | 6,684,177 434,513
. -Shingle and stave bolts..... .. 1,057,025 84,562 | 1,800,687 108, 885
Ship tMDET cevvereeeeeeanaceannenss 172,980 43,245 | 363,74 | . 96,981
Ship (})lankmg erreeneen e eveeeaen .0 107,601 85,807 104, 901 997
OO PUIP e . vveerveesaisnecsssesesnssasssnss svas] soneriasnnns yT40 foveenennennn 100,448
HemloCK DArK «vivvvueineeinenieieiiniiieiiiieees]oeeeeinanses 476,149 [ .ooiniiinn 163,673
Dutiable. .
Wood, unmantfactured, not elsewhere specified ..... 154,004 19,958 89,852 11,160
Tlmber ................................................ 49, 854 6,222 *34, 960 , 620
Lumber:
Boards, planks, deals, etc. ... ... ooiieen PR 39, 542, 864 4,763,441 | 48,334,000, 6,724,716
Olapboards ....................................... 12’7 19,759 | 1,636,000 75,672
Hubs, posts, lasts, and rough blocks .............. 555,328 99, 959 48,
LAthS | vrneececnnncnecesconnsns Lo teeeeraceenens 2,079, 344 110,505 | 4,936,720 361, 875
Plckets and PAlNES. veitiereenneeernnneaanaaannes 379, 31,816 8 38, 8
LT o 23, 788 116,608 | 2,728,804 414,981
Shoo s a.ud packing boxesA ....... reeetraaneees 316,128 79, 082 608, 5 9%
4, 1,591,071 ,9
. - 4481
876,784
229,183
: 44,059
Cagks and barrels. cioeeeiiiiieiiieiiiivieenes oe b} 3,517 3R
Cabinet ware and furniture.......c.ocvivivinnns | ~ 147,783 414,780
Osiers and willows, peeled and dried...... veeees yio1,200, 945 21,838 | +1,909,881 0,
Osier and Willow DASKEUS +veverenrnnnns voeens 142,214 372,
All other anafactures. .v. .. veeueereenesesees ’ [ 592,112 b16, 622
Free of duty. :
Cabinet woods:
. 6,712
472,478
y.. 47,
Granadilla ... 2
. Lancewood . 8, 043
11‘&5 num-vitae 6%‘;’ g{%
aho, 3
e ga,ny .. 88, 959
Sandal....eioeeeiiennns 102
All other cabinet woods........ 249,108
Cork wood or bark, unmanufactured. . . 1, 218,876
TOL.ee s neernrnnannannse cerene OTUTRT I"6R, 520, 849 | 10,403,044 | ©4,845,995 | 15,801,269
i
pu—

* Quantity not all sl‘,a.l‘,edﬁ

1' Hemlogek only,
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ARTIFICIAL RAINFALL.

- By an amendment in the Senate the appropriations for this Di-
vigion were increased by the sum of #2,000 and the words ** for ex-
periments in the production of rain” were added to the reading of
work to be performed under the appropriations. o ‘
At first sight, the reference to this Division of such experiments
would appear to have been made by reason of the claimed influence
of forest areas upon the distribution of rainfall. It was, however,
learned that these experiments were not intended to have such a ton-~
nection nor were they to be devised for the purpose of finding out
any special means for the production of rainfall, but they were to be ’
carried on upon the assumption that explosions would have the de-
sired effect and the money was appropriated to be expended in the
purchase of explosives and in their discharge. o
With such a programme the reference was, to be sure, unfortunate,
for aside from the fact that neither the Division nor the Department
in any of its branches commands the means or the men to conduct
such explosions or the instruments which should at least be observed
during the explosions in order to arrive at an understanding of the
results, should any be attained, the amount appropriated in the ab-
sence of such means and persons is so totally out of proportion to the
needs of the experiment, and, indeed, to the expected overawing
result of controlfing nature’s most potent and hidden forces, that an
attempt to use it in the proposed manner could hardly fail to be
barren of results. ‘
On the other hand, the War Department commands cannon, explo-
sives, and men trained and accustomed to handle them, and in its
Signal Service, instruments for meteorological observations and ob-
servers, and as long as the experiments are to be carried on upon the
assumption that explosives will be effective, I have submitted the
propriety of asking the codperation of the War Department in this
matter. I have also submitted, as my opinion, that the assumption
for such experiments s, to say the least, hazardous, and that a much
better use of the money could be made and valuable results much
more likely attained, by devoting it to a series of experiments, which
would bring us first nearer to a conception of what forces are at
work in producing rain and to learning more about the chances of
substituting feeble human efforts for grand cosmical causes.

. The theories in regard to the causes of storms, and especially their
local and temporal distribution, are still incomﬁlete and unsatisfac-
tory. It can by no means be claimed that we know all the causes,
much less their precise action in precipitating moisture. It would,
therefore, be presumptuous to deny any possible effects of explosions;
but so far as we now understand the forces and methods of nature
in precipitating rain, there seems to be no reasonable ground for the
. expectation that they will be effective. Hence, while I do not be-
lieve, contrary opinions of high authorities notwithstanding, that
such experiments are necessarily devoid of merit, as long as they are
conducted upon a careful, scienfific plan and a large enough scale, it
‘would be unreasonable and contrary to the spirit of our advanced
civilization to rush into a trial which does not seem warranted by
‘our present knowledge, instead of starting with a series of carefully
-devised experiments, the first object of which would be to learn
something of the effects of explosions upon the atmosphere, a knowl-
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edge which we do not possess and which, if not leading to the power
of controlling rainfall, may considerably advance our &nowledge of
meteorological forces. : , -

Tt sounds quite simple to try whether explosions will produce the
precipitation, but when it comes to practically arranging the trial,
such questions as the following it seems must be settled first: What
kind of explosive shall be used? Is it intensity or frequency of ex-
plosions that should be tried? "What amount should beused? What
means of exploding are best adapted to the purpose and in what man-
ner should they be employed; Eow high above ground would the
explosions be effective?  Lastly, how shall we know whether precipi-
tation was due to the explosions? How far did other conditions
influence precipitation, etc.? Theseare questions whichit would juz-
zle experts to answer on any basis of present knowledge.

A large number of trials, with all sorts of differences in the condi--
tions, might possibly settle some questions, but,- unless careful
observations, not easily devised, were made simultaneously as to the
effects upon primary conditions, under which the result is obtained,
our trials would lead us no further than we are at I]ivresent, namely,
Eo_ tlhe very unsatisfactory assumption upon which we based our

rials. :
Under these circumstances, up to the present ‘writinig no attempt
has been made to advance this problem. _

Meanwhile I have tried to trace the history and scan the evidence
which has led to the assumption that explosions will produce precip-
itation, and incidentally I have al§o inquired into other means of
artificial production of rain which have been roposed.

It is no wonder, in view of the important office which the absence
or presence of rainfall plays in the economy of man, that the desire -
to control it is as old as history, and various attempts to do so have
been made or proposed in all parts of the world. The resort to prayer
for the purpose is well known. In India the rainmaker, called
Gapogars, is an important personage and similar professional rain-
makers are found among African tribes and among the Indians.
These, to be stre, have their secret methods, with which our knowl-
edge of natural forces could hardly harmonize.

n more recent times two artificial causes of rainfall have exercised
the minds of speculative meteorologists, fire and explosions.

Tt is a current belief that large fires and the cannonading during
battles cause precipitation. : : '

Singularly enough the belief that battles occasion rain is older than
the invention of gunpowder. Thus we read in Plutarch: “Tt is'a
matter of current observation that extraordinary rains pretty gen-
erally fall after great battles;” and he ex;l)lains it, that either some
divine power in this way cleanses the polluted earth or that moist
and heavy vapors steam forth from the blood and thicken the air,
and make the moisture fall. ’

Tt should also be borne in mind by those who believe in the effect-
iveness of cannonades in bringing on storms, that according to Arago
(“‘ Thunderstorms,” pages 164-165) during the latter part of last
century, and ag late as 1810, it was a popular practice in the communi-
ties of Southern France to fire off batteries, especially kept for the
purpose, in order to dispel violent rain and hail storms, which were
undesirable visitors of the region. Arago traced the history of this
belief to a naval officer in that region, who had propagated the prac-
tice of navigators of that time of dispelling waterspouts and thunder
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clouds by that means. Before this innovation the effect was sought
bg the ringing of church, bells. Arago tried to disprove such an
eifect and to prove the opposite by showing that durin% the artiller
Sra.ctice at Vincennes, out of 662 days each preceding, followingan
uring the practice, there were cloudy 128, 146 and 158 days respect-
ively. This seems to be a rather small percentage to establish the
positive éffect he claimed; however, it may prove the futility of the
opﬁosite belief. ‘ ?
- Napoleon has been credited with making use of the experience, that
battles produce rain, in the disposal and manceuvering of his troops,
and the belief in cannonade and rainfall as cause and effect has
since become %uite current.

The most elaborate effort fo obtain evidence on this point isthat
of Mr. Edward Powers in his book, ¥ War and the Weather, or the
Artificial Production of Rain,” published in 1871, when the extra-
ordinarily wet seasons concomitant with the war movements in
France brought the subject into prominence. »

Although the writer himself, who took part in the campaign and
well remembers the inclemency of the season, can not recall a single

- instance when engagements were followed by rain that would not
have been anticipated from the general conditions of the atmosphere,
yet he will not deny that the evidence collected by Mr. Powers from
the Mexican war and that of the rebellion, with afew other additions,
appears at first sight cumulative and overwhelming. In many cases,
however, even the very imperfect records allow an explanation of
the rainfall as due to natural conditions without effect of the can-
nonading, and it may well be asked whether as many, and even more,
records could not be gathered of battles which were not followed b
rain. Most of the evidence is drawn from recollections with Whicﬁ
I find other recollections at variance, and since altogether gemeral
meteorological data for the period from which these records are drawn
are lacking, the evidence a}[?ter all falls considerably below the stand-
ard of %osﬂﬁve proof. The negative proposition only is proved, that
not all battles are unaccompanied by rain, as not all dreams fail of
realization. In the accumulation of such evidence the dangerislest
we indulge too readily in the ‘“post hoc ergo propter hoc” argument.
It would have to be shown that there were no well-understood
natural reasons present for the occurrence of,precipitation. In fact
a few careful correspondents of Mr. Powers point out that such
reasons often existed. The position taken by Maj. Gen. Thomas I.
‘Woeod, in his letter to the author, seems to be the proper one. He
sayS: , :

Many battles have been followed by rain while others have not. This fact would
seem to indicate that if the atmospheric disturbances caused by the firing in battle
have any effect in producing rain, the actual accomplishment of rain depends, in a
general manner, if not chiefly, on the condition of the atmosphere. The condition
of the atmosplere should, hence, be one of the chief factors to be observed in the
experiments you propuse. i

The only actual experiment that has come to the writer’s notice
in which a cannonade seems to have been directly effective was re-

rted a short time ago in La Nature and is vouched for by a M.

uillaume. A French artillery division moved out for a sham bat-
tle; when ready for action a dense mist arose, which obscured the
entire valley so that one.could not see 300 feet. One of the officers,
recalling the asserted influence of cannonades, proposed to try the
remedy ; four mortars fired 1-pound charges, first eight shots in suc-
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cession, then two salvos of four each, when suddenly the mist dia-
?pﬁ)’eared, clearing the valley for 3 miles and a fine drizzling rain

ell, which, as the cannonading of the sham battle continued, did:

not cease all day, sometimes falling in heavy showers. I have not
been able to ascertain the authenticity of this report and the general
weather conditions prevailing at the place and time.: .

Our present meteorological knowledge does not give much hope for
success by this method of rain production. A method which-ap-
peared more reasonable, or at least one that seemed to be in agree-
ment with our present theories of storm formation, was proposed by
the author of these very theories. :

The belief in fires and rain as cause and effect is also a very old’
one, but it was Espy who first, in 1839 (having shown that a column
of air rising to a height where, o%ing todiminished presgtire, it would
expand, was by this expansion cooled, thereby condensing and even-
tually precipitating its vapor), proposed experiments * to see whether
rain may be produced in time of drought, making a large body of air
ascend in column by heating it.” : L

Besides his general theories, which were accepted as most reasona:
ble explanations of the formation of storms, he brought forward
evidence to show that volcanic emgtions and large fires (he also
refers to the cannonade of battles evidently as producing heat) were .
followed by rainfall. : : ‘
" The evidence is of the same kind as that brought to.show the ef-
foct of cannonades. The negative cases, where conflagrations failed
to produce rain would probably befound as numerous as the positive
ones. In almost all those which allowed an analysis of atmospherie
conditions, these were favorable to cloud formation, namely, a high
dew-point and a calm and sultrg air, which Espy admitted were
needful conditions and which, at least the former, are rarely present
in times of drought. The great fires of London and Chicago are
oages in point. In forty-two large fires and two serious explosions,
oceurring in Australia, during twenty-one years,  there was not

one instance in which rain has followed within forty-eight hours

ag an evident consequence of the fire.” ; :

It will again be interesting here to note that Volta, the great phys-
icist, proposed to use fire for the very opposite effect, namely, to
dispel thunder clouds. ;

he impracticability of this method was exposed by Mr. H. C.

Russell, government astronomer at New South Wales, who showed
. that in order to increase by 60 ger cent the rainfall at Sydney, where

the average humidity is 73, and wind velocity 11 miles per hour, at -
least 9,000,000 tons of coal would have to be burnt daily, since it
would be necessary to raise a column of air over a surface of at least
10 miles by 1,000 feet to a height of 1,800 feet ; and while there may
be found some flaws in his calculation, it gives an approximate idea
of what forces are to be dealt with and of %ﬁeir enormity.

" Mr. Russell, who was then (in 1884) antagonizing the idea of in- -

ducing the Australian Government to engage in experiments like
those now proposed here, concludes : ‘ :

3% would seem unreasonable to hoPe for the economical gﬁducﬁon of rain under
ordinary circumstances, and our only chance would be to e advantage of a time
when the atmosphere is in the condition called unstable eguilibrium or when a cold
current overlies a warm one. If, under these conditions, we could set the ‘warm

_ current moving upwards and once flowing into the cold one, a considerabla quan-
tity of rain might fall; but this favorable condition seldom exists in nature. :

-~

.

-
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Professor Henry, one of our most enlightened and unprejudiced
physicists, expresses himself as follows in regard to Espy’s proposi-

tions: :

I have great respect for Mr. Espy’s scientific character, notwithstanding his ab-
erration in a practical point of view as to the economical production of rain. - The
fact has been abundantly proved by observation that a ar%le‘ fire sometimes pro-
duces* an overturn in the unstable equilibrium of the atmosphere and gives rise to
the beginning of violent storms. ‘ : el

To understand how precipitation may possibly be effected by arti-
ficial means, it is necessary to know how it occurs in nature. First
we must have a source of moisture, and then conditions which will
cause the condensation and precipitation of that moisture. -

Besides the moisture carried into the atmosphere by its direct
evaporation from the soil and minor water surfacesin the locality
under considération, there is an amount, and in most cases probably -
the largest amount, brought by currents from such large water sur-
faces'as the seas. It may be taken for granted that the evaporation
from the great oceans furnishes the largest amount of the water of the
atmosphere. : . o

To eonceive the conditions under which the air is likely to give up
this water held in suspension, it is necessary to know first that air
can hold suspended an amouut of vapor proportioned only to.its
temperature. If the temperature be lowered by any means the
vapor will be condensed, while an increase of temperature permits a
further increaseof vapor. Inorder, then, to produce condensation, it
is' necessary either to cool the air to or beyond the point (dew-point)
where it can no longer hold the vapor, or to add to its moisture as
much or more than it can hold at its present temperature. :

The next thing to know is that the air, being heated by contact
with the earth, which receives its warmth from the sun, is warmest
near the ground and cooler farther away from its source of heat;
and warm air being lighter than cold it rises, being displaced by the
cold air which sinks and takes its place to be warmed and to rise, so
that there is a constant circulation of air currents established. At
the samne time by évaporation moisture is added to the air in contact
with the surface of the ground, and vapor being lighter than air the
upward movement is thereby assisted. )

The third factor of importance is that air in' ascending cools, be-
cause by moving into regions of less pressure (the column of air com-
gressing it being less as it .ascends) 1t expands, and in doing so ren-
ders a certain amount of its heat latent, namely, the amount which
. isnecessary to do the work of expanding, hence the sensible tempera-
ture of the air is reduced, and in consequence, as we have seen, its
capacity to hold moisture, and hence it is(,lbrought nearer to condensa-
tion. The exact reverse is the case in descending air, namely, as it is
compressed under the increasing amount of air above it, some of its
latent heat becomes sensible heat; it becomes warmer and capable of
holding more water, and hence is less liable to condense its vapor.
The general rain conditions of any locality depend upon its position
with reference to the air currents coming from sources of moisture
and especially the elevations intervening.

The cooling of the upper air strata and the condensation of the
moisture which they carry, mainly derived from the great sources of
water, the seas, is assumed to take place by ascending air currents.

*Should perhaps read; ‘‘is accompanied by.”



'232 REPORT OF THE SECRETARY OF AGRIQULTURE.

The ultimate causes of these ascending currents are stated by Prof.
Cleveland Abbe in Appendix 15 of the Annual Report of the Chief
Signal Officer for 1889, in which he also discusses in detail all the
forces now known to be at work in storm formation, as follows:

(@) Very local heating of, and evaporation into, the lower stratum and resultin,
steep vertical currents or interchange of air, due to differences of buoyancy produce:
by the heat and the moisture, and which differences continue toexist in the ascend-
ing mass, relative to its surroundings, until the heat is lost by radiation and the
moisture by precipitation. .

(b) Very widespread differences of temperature, such as that between arctic and
equatorial regions, plateaus and lowlands, oceans and continents, the dark half and
the illuminated half of the earth, these produce a nearly horizontal flow of air un-
* derrunning and uplifting the lighter air. '

(¢) The advent of -the horizontal flow into a region where the coefficient of hori-
zontal resistance on the earth’s surface is increased, such as the flow from the smooth
ocean to the land surface, or from horizontal smooth prairie to hilly country.

(d) The forcible pushing up over hills and plateaus and mountain ridges of air
that would have moved horizontally toward a region of low pressure were:the
ground horizontal. = Such cases occur systematically when a region of low pressure
advances toward a mountain range.

() An updraft from the lower stratum is caused when the air immediately above
it becomes abnormally buoyant, either by the sudden formation of cloud, rain, and
evolution of heat, or by the warming effect of the sun on the cloud. S

(/) An important irregular movement takes place when the air passes over hilly
countries, due to the fact that the horizontal current impinging against the side of
a hill is by its inertia driven upwards; it soon descends again and strikes other
hills, and thus any given isobaric or isostatic surface has an undulation similar to
the standing waves in a shallow stream flowing over a rocky bed. The interfer-
ence of these uprising downflowing currents with the ground and with each other
causes a loss of horizontal velocity, a thickening of the depth_of the horizontal flow,
a slight increase of static pressure.

(9) The local heatings and evaporation mentioned in paragraph (a) are most active
during sunshine and sensibly zero at night time. These produce in the daytime
uprising and conflicting currents and an increase of pressure. .

‘With the fact before us that the ascending current is cooled and
thereby condenses its vapor, we explain the aridity of the interior
basins and the plains. The Pacific Ocean is the source of moisture,
which is carried landward by the west winds. As these strike the
coast range and again the mountain ranges of the Sierra Nevada
they are forced to ascend, expand, and cool, and drop part of their
moisture. Descending on the other side, they arrive not only much
drier, but by compression much warmer. Not finding any addi-
tional source of moisture to enrich themselves from, except the scant
evaporation from the ground, they pass over the interior basin and
are made to ascend again the Rocky Mountain range, and that sev-
eral thousand feet higher than before. Again they are drained and
again they descend as warm and dry winds; hence the low relative -
humidity, deficient rainfall, and high evaporative power of the
winds in the plains. Incidentally, I point out again here how
under these circumstances the forest cover on the eastern slopes of
these mountain rangesis of so much greater importance than on the
western slopes, as it ig likely to aid in recuperating to some extent
the moisture conditions of the descending current, while with the
removal of the protecting soil-cover its drying effects would be ag-
gravated. ;

The amount of atmospheric moisture, then, in these regions which
are, I suppose, to be mainly benefited by artificial rain production, for
the reasons stated is exceedingly scanty, their mean relative humid-
ity being below 45° during the months of vegetation. In order to
bring air in such  conditions to condense its vapor there must be



'DIVISION OF FORESTRY. ‘ 233

either a considerable addition' of moisture or a very considerable
amount of cooling effected, for which artificial means seem entirely
inadequate.

There occur, however, times when the cloud formation would in-
dicate that a considerable amount of moisture is suspended near:-the
point of condensation, yet no precipitation takes place, probably on
account of a stable equilibrium of air masses over large areas. Itis
at such times that there is more hope for influencing condensation
and the timely or local discharge of the clouds. »

But, if our present philosophy of the causes that produce conden-
sation is correct, it can hardly be conceived how explosions can pro-
duce the ascending current necessary to effect the cooling of the
upper strata. It must not be overloo]Zed that the effect is to be pro-
duced through heights of more than 1,000 to 2,000 feet, and the dis-
turbance of the stable equilibrium must encompass a considerable
air column. While in such cases the possibility of results from me-
chanical disturbances like explosions may not {)e doubted, the use
of these means for practical purposes remains extremely doubtful in
consequence of the amount of explosive material which it would be
necessary to use in order to produce results. Neither the disruption
and violent agitation of the air, nor the thermal changes, nor the
smoke produced by ordinary explosions would appear, either singly
or combined, of sufficient magnitude to change conditions, as we
have only lately learned during the explosion of the Dupont Powder
‘Works, when 100 tons of powder exploded in eight seconds without
producing an effect upon weather conditions. :

We are then brought to the conclusion that unless other forces
than these mechanical ones, and other' movements. than these mass
movements, play arole in rain production and can be originated or
set in motion by human device, we may as well abandon the attempt.

To the meteorologist, who, with the opportunity of watching the
daily weather maps, the path and progress of the greatstorm centers
eternally moving around the earth, probably often without disinte-
gration, like the eternal motion of the earth itself, is brought face to
face with the great cosmic causes of storm formation, who knows
that an area of not less than 400,000 to 500,000 square miles must be
under the influence of barometric depression tothe amount of say
half an inch before the storm discharges, the attempt to influence
this grand natural phenomenon by the explosion of a. few thousand
pounfils of powder or a fire of practicable dimensions appears indeed
puerile. : :

Relying upon the working theories now accepted as explanatory
of storm formation, he can calculate the omnipotent immensity of
forces at work, against which limited human efforts seem utterly
hopeless. This very year, almost as I am writing, Professor Hann,
of Vienna, the highest living authority in meteorological science,
has I believe definitely proved what has been long contended that
our storms are only partial phases of the general circulation of the
air, and even the variation in terrestrial surface conditions, the heat-
ing and cooling of continents and seas as well as the local influx of
water vapor and its condensation are only of secondary importance,
while we had hitherto considered them t%e causes. of storms, baro-
metric differences, etc. He admits that they ma strengthen or de-
stroy the ascending or descending eddies anc%7 mod%fy their paths and
their rate of progress, but insists that they can not act as.primar
causes. Other meteorologists, with questionable show of good phi-
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losophy, ascribe the storm-producing air currents to magnetic forces
of the earth, and the eddies and storms as a result of a readjustment
of thege forces. \ ‘
And yet, while we may admit that the great storm movements are
due to cosmic causes, we mustnot overlook that within their path

there are minor terrestrial influences, sometimes not of entirely un-

controllable magnitude, which seem to influence within certain lim-
its the localization of storms and the temporal distribution. - We
claim this influence for instance for forest areas, water surfaces, ete,

Altogether the theories for storm formation, while perhaps suffi-
cient to explain the general philosophy, do not seem capable of “ex-
plaining satisfactorily the smaller modifications and side shows; as we

may call the exhibition of local showers, thunderstorms, and squalls.”

Nor can it be said that the detail of the manner in which the vapor

condenses and the rain drop is formed, or in fact the forces active or

conditions necessary in this condensation are fully known or under-
“gtood. Who could, for instance, account for the fact that the dew-
ﬂoint may be at and above 100 without preci%itation occurring? We
now some seemingly necessary conditions, but we do not know all.
For want of experimental knowledge meteorology seems to have
lagged behind the times. '
“While the mass movements that are calculated to satisfy the exist-
ing theories of general storm formation may be necessary for such
formation, is it altogether inconceivable or unphilosophical to think
that other, molecular, forces may participate and in tg,ct be a condi-
tion sine qua non in forming precipitation? Is it not also conceiya-
ble that, as in many chemical reactions, it is only necessary to give
theimpetus to molecular motion, to initiate the change, metabolism,
which, being induced atsome center of formation, spreads and assumes
greater and greater proportions, similar processes may take place in
the condensation of vapor from the air? If such were the case the
expectation of at least a partial control by human agency might well
be realized. Suggestions of this kind have been made before, not
only by those who would suggest any forces to explain phenomena
without understanding the possibilities of such forcesto do the work,
but by physicists upon experimental basis. ‘

Laboratory experiments by Mr. Aiton seem to indicate the pres-
enceof dust particlesasan essential condition for rain production; and,
although Professor Abbe ¢ dismisses from considerationat present ?
the influence of atmospheric electricity in storm production, he does

so only because we know too little about it, and because an assump-

tion of such influence does not seem to help the accepted theories of
air movements as-sole causes. Even so, he is com elled to’ admit
that “actual measurements of electrical potential would seem to show
that two masses of air in extreme conditions may attract or repel
each other electrically to an extent sufficient to groduce appreciable
phenomena of motion even in comparison with the far more impor-
tant motions produced by solar heat and terrestrial gravity.” ‘

That the air is generally negatively electric during rain storms was
first established from over ten thousand observations by Herschel.
Lord Rayleigh showed experimentally that moderately electrified
water drops tend to coalesce, but that strongly electrified drops
repel one another, from which we may infer a real causal con-
nection between rain and electrical manifestations; and after. all,
even though the ascensional current may be the primary cause for

cloud formation, electric conditions may determine the precipitation.
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We have hitherto been. told that the electrical discharges during

thunderstorms are the sequel and not- the cause of the condensation;

but this is by no means proved. Nor is.the following explanation

of any assumed - effect, given by Professor Abbe, the only possible
- one: ;

Even if we allow that the condensation of smaller cloud particles into large rain
drops and their consequent fall to the ground depends upon the electrical discharge;
yet this assumption if adopted will merely modify our mechanical views somewhat,
as follows: The latent heat evolved in condensation must be considered as not
wholly consumed in directly warming the air. but as partially employed in main-
taining a state of electrical disturbance or tension, which latter comes to an end as
soon as the flash or the silent discharge of electricity oceurs..: At this moment,
therefore, on the one hand larger dro§s are formed and fall to the ground, and on
the other hand the energy that had been potentially present in the electric phe-
nomena now becomes heat and warms and expands the air. Thus the electric ten-
sion and its concluding flash have merely served to delay the communication to the
air of the heat that was a few minutes before present in the vapor.

It was Sir William Thompson who first suggested that changes of
weather might be foretold by the change from positive to negative
electricity of the air or the reverse, and who devised the instru-
ments for such observations in the electrometer and ¢ water
dropper.” Unfortunately when, some few years ago, the U. 8.
Signal Service undertook some experiments in that line, under the
direction of Prof. % C. Mendenhall, this object of weather predic-
tion was kefpt in the foreground, and the experiments, which form
the basis of a voluminous report still unpublished, were only too
soon abandoned because they did not yield readily results for the
purpose in view. I am assured by the gentleman who was in charge
of these investigations that, if carrieg on without this immediate
object in view, they would undoubtedly have led to a better under-
standing of atmospheric conditions, and are worthy of further
pursuit. ‘

" In conclusion I may refer to the observation that dust particles

are found always charged with positive electricity, which may ac-

count for their office in rain production, and that experiments by -
Professor Trowbridge, of Harvard, on the effect of flames upon the

electric conditions of the air would lend countenance to the belief

in the effect of fires on rainfall, while the possible origination of

electric currents as a result of friction in cannonades is suggested

by Mr. Powers as an explanation of their assumed effect.

‘We may say, then, thatat this stage of meteorological knowledge
we are not justified in expecting any results from trials as proposed
for the production of artificial rainfall, and that it were better to
increase this knowledge first by simple laboratory investigations
and experiments preliminary to experiments on a larger scale.

If explosions are to be tried at once then it would be necessary
- at least to take all possible precautions to ascertain the state of the
atmosphere in all particulars before, during, and after the explosions,
and to conduct and refer to the experiments rather as investigations
into the effect of explosions upon the atmosphere than with the
ultimate desired result in the foreground. '

CONCLUSION.
The same recommendations which have been repeatedly made in

my former reports as to the work to be pursued by the Division and
as to the manner of advancing the forestry interests of the country
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in genera.l may be repeated, only with more emdpha.sis than before,
although with the increased appropriations and facilities provided
this %'ear, not only can certain lines of work, which the Divisioh
had fentatively laid out, be placed upon a desirable basis, but it will
also be possible to devote more time and attention to the missionary
work, which must needs still form part of our endeavor to change
the forest policy of the United States. -
‘ B. E. FErNOW,

Chief of Division of Foresiry.
Hon. J. M. Rusk, : .
Secretary. ‘





