
REPORT OF THE MlOltOSOOPIST.

r

SIR: I haye the honor to submit herewith my eighteenth annual

re ort.
pThe work of this division for the past year has been largely in the

line of original investigations relating-to the microsco y of food

stuffs, including the condiments of commerce. Micro-p otographs

and colored drawings with the camera lucida have been made, whlch

represent the characteristics of certain pure food products and of

the adulterants used in them.

Tea has received special attention; methods are pointed out which

show how foreign leaves may be detected in a sample of adulterated

tea. This paper is highly illustrated with micro-photographs and

colored drawings which accompany my report.

Olive oil has also been the subject of 1nvestigation, and in this con

nection fully fifteen hundred ex eriments have been made relating

to the color reactions of the foo and medicinal fats and oils, with a

View to discover new and simple methods of detecting fraudulent

imitations. In this line of research I have made several discoveries

which promise to be of great value in the future.

t_ The microscopy of various textile fibers has also received considera

ion.

The continued demand for my report 011 the edible mushrooms of

the United States would indicate that this subject is one of consider

able interest to the public. A_ chart is in process of preparation

which will show how to discriminate between poisonous and nutri

tious varieties.

About one thousand letters have been answered on various sub

jects pertinent to the work of the division during the year. Agree

ably to an order from the Secretary of Agriculture a special exhibit

was prepared for the Paris Exposition, relating to food adulterations

and comprising certain instruments of precision, of my invention,

relating to and facilitating the labor of the microscopist, for which

a silver medal was awarded.

Respectfully submitted.

THOMAS TAYLOR,

llh'croscopist.

Hon. J. M. RUSK,

Secretary of Agriculture.
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TEA AND ITS ADULTBRATIONB.

ORIGINAL MICROSCOPIC INVESTIGATIONS.

Notwithstanding the numerous microscopic investigations which

have been made during the last twenty years, relating to the exter

nal and internal structure of the tea leaf, with a view of being able

to distinguish it from the leaves of other plants, there seems to be

a necessity for further investi ation in this direction, judging from

m recent observations in thifiine of research.

11 making reliminary examinations of tea-leaf dissections, I dis

covered pecu iarly formed, isolated cells (polarizinor bodies) seem

ingly having no connection whatever with the general cell-structure

of the leaf. On looking up the various writers on food adulterations,

I found the following notice of these peculiar cells termed “idio

blasts” in Blythe’s Analysis of Foods:

Idioblasts are long, tough, tenacious, branched cells, which seem to act as pillars

or beams, keeping the two layers of the leaf apart; they do not occur in any other

leaf with which the tea-leaf is likely to be confused, so that their presence would

indicate tea, their absence would point to foreign leaves. A very convenient method

of detecting “idioblasts ” is given by Moeller: Small fragments of the leaf are

warmed in a very strong solution of caustic potash and then placed under the thin

covering glass and pressed firmly.

They must be viewed under suitable powers of the microscope.

Botanists have given various names to the “ idioblasts,” such as

“scleroblasts,” “scelerenchyma,” and “stone-cells” (so called after

the stony bodies found in the flesh and stalk of many pears which

are composed of them). Their function is not ositively known.

Du Bary, Sachs, Bessey, and others, give full in ormation in their

respective botanical works regarding their presence in many plants

an their supposed use. The general structure of the tea-leaf re

sents to the ordinary observer nothing of peculiar importance, ut

on closer inspection with even the low powers of the miscrosco e an

experienced microscopist will easily detect these cells, especial y by

means of polarized light, in the transverse and longitudinal sections

of the midrib of the leaf. They are also found scattered in great

numbers, irregularly, throughout the body of the leaf. The stone

cells of the Camellia ja onica, which belongs to the tea famil , dif

fer slightly from those ound in the leaf of the tea-plant. The eaves

of some species of camellia, of which it is said by Car enter there

are many, are said to have been used as adulterants 0 tea by the

Chinese merchants about twenty years ago. The leaves 0 the

species japonica are very thick and fleshy as compared with the tea

leaf proper, and therefore may be distin uished from the latter.

The presence of stone-cells in the lea of the tea-plant, and their

absence, according to Blythe, in all other plant leaves not of the tea

family used as adulterants of tea, if correct, is an important factor

to begin with. My experience, in this respect, agrees with that of

Blythe. I have examined the following leaves used as adulterants

of tea, yiz, willow, sloe, beech, Para uay tea, ash, black currant,

Camellia 'aponica, two species of hawt orn (one the common English
hawthornJ) and raspberry, but find in them no trace of these peculiar

cells, exce t in the case of the camellia, which belongs to the tea

family. find, however, that many of the leaves above mentioned

contain a class of crystals not observed in the tea-leaf, viz crystals

of oxalate of lime, while the Willow and others contain the starry

forms known as “raphides,” which are also found in the tea-leaf.
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Raphides are aggregations of aeicular or needle-like crystals common

to many plant leaves said to be used in tea adulterations. Blythe

has alluded to them. '

While it is well known that only the small or young tea-leaves are

generally employed in the commercial product, the structural char

acteristics of the larger leaves are more easily differentiated and are

uite suggestive of what to expect in the more delicate forms. Stu

ents should begin with the larger leaves. For these investigations

leaves from the iving plant are required, which I have readil ob

tained, in all stages of growth, from the propagating grounds 0' this

Department.

“ The mesophyl or parenchyma of the tea-leaf contains two kinds

of cells, the one being a ver regular single or double row, filled

with chlorophyl, just beneath the upper epidermal layer, whilst a

spongy parenchyma containing large spaces oceu ies the rest of the

leaf thickness.” (Blythe) Having ascertained t 6 order and form

of cell arrangement in the mature leaf, the investigator roceeds

with the knowledge thus acquired to the more delicate tea- eaves of

commerce. The first difficulty met with in this experiment arises

from the changed condition of the leaf, the result of manipulation.

The leaf in its natural state is firm and without curl, while as man

ufactured it is dry, fragile, and much of it in the form of powder.

The leaves most favorable for examination, however, are those com

pactly rolled. With a little ex erience and patient perseverance the

artificial conditions and atten ed difficulties are easily overcome.

The simple process of infusion will remove much of the difficult .

It will be found that many of the rolled leaves are entire; these should

be separated from fragmentary leaves, but all fragments should be

examined, and it is a good plan to assert the different forms, placing

each lot of a similar kind by itself. Many of the fragments will ex

hibit the edges of the leaf entire. Secure a sufl‘icient number of them

by means of any suitable cement, on sli s of glass 3 by 1 inch, and

examine the indented edges (serrations , using low owers of the

mieroscOpe. Make drawings of them and compare wit the genuine

tea-leaf. Transverse and longitudinal sections of the leaves should,

be made and mounted in the usual way for observation and com

parison under the microscope and for purposes of photography.

ortions of the epidermis may be easily removed by macerating or

scraping the leaf, and when taken from the green leaf are better for

photography than specimens obtained from the leaf b the use of

chemicals. In the subjoined plates will be found some 0 the marked

characteristics of the tea-leaf as well as of leaves used as adulterants

of tea. It is hoped that by means of these illustrations those engaged

in this line of work will be able to acquire a better knowledge of the

simpleittmethods of determining what is tea and what are adultera

tions 0 ea. '

HOW TO'DETECT STONE—CELLS IN> THE TEA-LEAF.

I have tested Moeller’s method, but find it deficient in one particu

lar. He says : “ Treat the leaves with a warm and strong solution

of caustic potash and mount with a thin covering glass and press

firmly.” The student will experience great difficulty in discoverin

stone-cells by this method. Modify the method as follows: Boi

the tea or other suspected leaves in a solution of strong caustic pot

ash or soda for three minutes, allow the solution to cool, remove a

AG 89—13
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leaf or portion of leaf, as the case may be, by means of forceps,

placing the specimen on a slip of glass 3 by 1 inch with a second

slip of glass of the same dimensions over and in contact with the

first slip, thus covering the specimen; press firmly. using slight fric

tion, so that the leaf will ap ear as a mere stain between the glass

slips. This method, while it disintegratos the cell tissue, does not

impair the outline of the stone-cells, of which numerous groupings

may be observed. Leaf hairs are fre uently distinctive, and not be

ing injured by the caustic potash so ution, are often observed in

great profusion, indicating sometimes the species of plant to which

the leaf belongs, and thus assisting in some cases in distinguishing

tea-leaves from those leaves used as adultcrants. In order to become

familiar with the general appearance of the entire cell arrangement

of the tea-leaf, it will be necessary to devote considerable time to

the work, familiarizing one’s self with the many forms observed

under both high and low powers of the microscope, noting not only

the cell forms but also the relative size of the cells. This will be

found particularly valuable in making examinations of what is sold

for tea-dust, which may contain very little tea and consist mostly

of raspberry leaves or other worthless substance purposely reduced

to a fine powder to make detection difficult. But when it is consid

ered that a particle of this tea-dust, so callcd, measuring only the

one-hundredth of an inch in diameter, if magnified three hundred

times will appear under the microscope 3 inches in diameter, it will

be seen that the cell-structure may be easily observed and its char

acter ascertained.

The early investigators of adulterated food supplies have enumer

ated may substances found in tea, but it is acknowledged that many

adulterants formerly used are now discarded. The truth is, that

many of the adult-erants were so easily detected and punishment of

the offender so certainly followed that the mixer was forced either

to abandon the practice or so to modify it by the use of harmless

substances that the question now is resolved simply into that of the

consideration of relative cost. That is to say, the principal question

which interests the consumer, and especially-the poorer classes re

lates to economy and not to the poisonous character of the adulter

ant. If atperson pay $1 for a pound of so-called tea containing half

a pound 0 black currant leayes costing only 2 cents, it is evident

that the purchaser has paid for half a pound of tea nearly $1. The

poor are generally the greatest sufferers in this way, as they deal gen

erally on credit and frequently with irres onsible persons. Most of

the teas shipped from Japan. to the Unite States are now artificially

colored. Formerly this was not the case. In the early years of the

trade, say from 1859 to 1869, the mani ulation of Japan teas by the

exporter was confined to a simple re ring, which was necessary in

order to cure the leaf sufficiently to enable it to endure transporta

tion through the tropics and to retain its qualities while in store.

This process alone required large establishments and a considerable

plant. well as important outlays for labor and fuel. But the leaf

was improved by the expenditure, and Ja an teas were then shipped

in their natural condition and honestly ca led. “ uncolored.” A out

1870, however, consumers began to call for higher color than any

natural process would furnish, and although this demand was long

resisted by the shippers in Japan and at some loss to themselves,

yet ultimately it prevailed, and for some years past artificial color

ing has been the rule, so that Japan teas, which are naturally of a
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blackish- reen color, are now made to resemble the bluish-gray or

grayish-b ue teas shipped from China as “green teas.”

The materials used to produce these unnatural shades are not very

eruicious, it is said, being nothing worse as a general rule than in

ago and gypsum, but they certainly add nothing to the yalue of

the tea-leaves for drinking urposes, while they do add cons1deralfly

to their cost. There is nothing to be said in favor of the practice,

except that dealers in America refer teas of that description. Their

doing so is probably explaine by the fact that in teas so colored

coarse leaves may pass without detection, and this no doubt is the '

cause of the gradual deterioration of the quality of Japan teas ex

ported to America during recent years. The adulteration will prob

ably continue aS long as consumers buy, in America, teas only in

accordance with the appearance of the leaf, regardless of its infusive

qualities, and as long as the simple secret of making the infusion is

so little understood in our country. To the Japanese, who value tea

for'its fragrance and delicacy and who are careful to draw these

qualities from the leaf by the use of pure water and nice vessels,

the article is an abomination, and they naturally conclude that the

quality of the leaf which is subjected to such treatment is not im

portant. According to a late United States consular report, the

American demand for the uncolored teas anWn as “basket-fired”

has latterl increased; and it would be as advantageous to the con

sumer in the United States as it would be gratifying to most shippers

in Japan, if this inclination to return to the honest uncolored teas,

were to become eneral, for it would certainly result in greater dis

crimination in t .e pickin and preparation of the leaf in Japan, and

would afford consumers etter teas at lower prices, would restrict

the supply to good teas only, and would revive the favor which Ja

pan teas formerly enjoyed in the American market, as compared

with the highly colored teas of China. -

In accordance with your request, I read an abstract of my paper

on tea and its adulterations before the Society of American Micro

scopists, in Buffalo, N. Y., in August, 1889. The secretary of the

society informs me that the paper will be published in the society’s

volume of proceedings for 1889.
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PLATE 1.

FIG. 1 represents the epidermal layer of the lower surface of the tea-leaf, show~

ing the “ breathing pores” or stomata in_ the intercellular spaces. The green por

tion represents the palisade cells charged with chlorophyl.

FIG. 2. Loose cel 5 containing chlorophyl. (A) A stone-cell or idioblast asseen

byt clarified light, under high powers of the microscope; found in the fleshy part

0 e e .

PL I'm 2.

FIG. 3 represents the internal structure of a portion of the leaf showing stone

cells, loose cells, vascular bundles, raphides, and oil globules, under polarized light.

FIG. 4. The epidermal layer, upper surface of the tea-leaf, in _which I have not

observed stomata.

i

PLATE 3. \

Five stone-cells, as seen by polarized light in a longitudinal section of the midrib

of a tea-leaf. This section was only one-quarter of an inch in length, in which all

these cells were observed. The stone-cells of the tea-leaf generally average about

one-hundredth of an inch in length and are polarizing bodies. If subjected to the

action of caustic potash their polarizing property is greatly impaired.

‘ PLATE 4.

FIG. 5 represents a crosssection of a leaf of Camellia japonica showing the posi

tion of the stone-cells within it.

FIG. 6. Stone-cells in a cross-section of a tea-leaf.

FIG. 7. The epidermal layer of the lower surface of a leaf of Camellia japonica,

showing stomata in the inter-cellular spaces.

PLATE 5.

FIG. 8. The true tea-leaf, showing its characteristic venations.

FIG. 9. Leaves of the black currant, said to be used as an adulterant of tea.

PLATE 6. '

Outline sketches of some of the leaves said to be used as adulterants of tea. In

the natural condition these leaves vary very'much in depth of color. The Sloe

and Paraguay tea-leaves are dark green. the beech-leaf is light yellowish-green.

By curing and infusion these leaves are changed to a dark greenish-brown hue.

\

PLATES 7 AND 8

Exhibit the distinctive serrations of the plant leaves used as adulterants of tea,

highly magnified. A, A, Tea; B, Willow; C, D, Hawthorn; E, Paraguay tearF,

Sloe' G, Black Currant; H, Ash; I, Beech; J, Camellia japonica. The leaves of the

raspberry are said to be used in this country in large quantities in the adulteration

of tea. This will be investigated.
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OLIVE OIL, LARD, AND THEIR ADULTERANTS.

ORIGINAL INVESTIGATIONS RELATING TO COLOR REACTIONS.

Of late years the demand for olive oil as an article of food and for

other purposes has greatly increased. This increased demand and

the hi 11 price of the pure oil have led to a very extensive and

fraudu ent practice of adulterating it largely with seed oils. The

olive growers of this country and of Europe say that no reliance can

be placed upon the so-called olive oils of commerce, unless the buyer

procures them directlv from the grower, and they affirm that man

samples of so-called olive oil consist mostly of cotton-seed oil, whic

in Italy is poured over the olives in the crusher to thoroughly mix

the two oils. Very little pure oil, it is said, is obtainable even in

Italy. Southern France has of late vears suffered seriously from

the artificial fabrication of this, one of her chief products; and the

dilution of the olive oils of Nice and Provence with various seed

oils has reduced their market value, according to the consular reports,

below the .oint of profitable culture. - '

It is evi ent from the foregoing that the olive-oil industry of this

country, if not protected by stringent laws, will suffer in like man

ner. This Department has lately been informed, by one of the

leading olive cultivators of California, that although the olive oil

of the United States is sold to dealers in its original purity, they

mix with it cotton-seed oil, chiefly, but that they also use for this

purpose various other seed oils, such as oil of sesame, walnut, sun

flower-seed, poppy-seed, peanut; and even lard oil.

For the purposeof discovering new and useful tests for the adul

terants of food fats and oils, I have made, during the past year,

about fifteen hundred experiments, resulting in the use of the fol

lowing named chemicals and chemical combinations as tests for the

above mentioned adulterants:

_ Test A, 55 Jarts sulphuric acid, chemically pure, Combined with

. 45 parts distilled water, by measure. Specific gravity of the mixture

1.575. Temp. 71°.6 Fah, 22° C.

Test B, 55 arts sulphuric acid, chemically pure, combined with

30 parts distil ed water, by measure. Specific gravity 1.648. Temp.

71°.6 Fah., 22° C. '

Test C, nitric acid, chemically pure. Specific gravity 1.4.2.

Test D, a solution of nitrate of silver in distilled water in the pro

portions of an ounce of nitrate of silver, in crystals, to an ounce of

distilled water. . .

In the a plication of these tests to oils of any description I pro

ceed as fo lows: Into a test-tube I first pour oil to the depth of about

an inch and then an equal quantity of the acid solution. The tube

is then corked, violently shaken, and after removal of the cork is

placed on its rack. Changes in color should be noted at once. _ For

this purpose I prepare drawings of test-tubes on card-board in ad

vance, and copy the color reactions carefully as they progressively

appear. The test-tubes for these experiments shoulc be at least 7

inches long by five-eighths of an inch in diameter. This is especw 1y

desirable in the use of the nitric acid test, as the seed oils and lard

.oil decompose rapidly at about 78°.8 Fah., and will froth over even

at a lower temperature, liberating the nitrous acid. The test-tubes

should be laced in suitable racks.

The stu ent will observe that in experiments with test B a deeper

color is produced than in experiments with test A. _ \Vith test C the



198 REPORT OF THE SECRETARY OF AGRICULTURE.

"um—“W

color reactions on evolution of the nitrous fumes are very interest

ing, the contrast between those of the true olive oils and those

of lard oil and the seed oils showing forcibly the greater attraction

of the latter Ior oxygen. The evolution of the nitrous acid takes

place slowly at a temperature of 71°15 Fah. (22° C.) in the case of the

seed oils and lard oil; but if the mixture is exposed to the direct rays

of the sun for a few seconds, the liberation of this acid is greatly ac

celeratod, thou h not in the same degree with each variety of oil.

In the case of t e true olive oils, the evolution of nitrous acid is ver

slow, their decomposition, though not uniform in its progress for a

varieties, always taking place far less rapidly than that of the other

oils named, which is an important fact. The seed oils in all cases

are wholly ex elled from their test-tubes in the form of bubbles,

charged with t 1e fumes of the nitrous acid, while the olive oils, if pure,

will manifest but little change under the same tem )erature. In using

the nitric acid test on commercial olive oils (so ca led) some precau

tion is necessary in warm weather or in an a' artment in Which the

temperature is above 72° Fah, as, if the o ive oil is adulterated

largely with cotton-seed oil, an explosion is liable to occur on shak

ing the test-tube, owing to the rapid evolution of the nitrous acid by

the action of the nitric acid on the cotton-seed oil. Such an explosion

actually occurred in the course of my own experiments at a tem

perature of about 72° Fall. ‘

It will be seen in these experiments that, under the influence of

each resagent, two or more distinct layers are produced in the samples

in the test-tubes. The lowest layer consists mostl of the test-acid

and water, which is generally tinged according to t e color reactions

of the oil or fat used. The methods described have the advantage of

enabling the observer to view several changes of color in the course

of one and the same experiment. The success of the experiments

depends wholly upon the strength and purity of the chemicals used.

In testing several varieties of ure olive oil with concentrated nitric

acid the similarity of the 00 or reactions of all the samples is re

markable. Lard oil (which requires further investigation) is similar

to olive oil in its color reactions under this test, even to the bands of

green and yellow resting on the acid in the test-tube. (See Plate 3,

Fig. 1, section (1.) If the oil of sesame is present in olive ,oil it may

be detected by either test A or B. By the former as small an amount -

of the adulterant as 5 per cent. maybe perceived. By test B a well

defined violet tinge is shown in the lower layer in the test tube, and

a dark band, characteristic of the oil of' sesame, is observed above

this, about midway of the tube. The color reactions of the oil of

sesame, treated with test A, are difierent from its color reactions un

der test B. (See Plate 4, Figs. 3 and 4.F Pure raw linseed oil under

test A yields a most beautiful green co or and is opaque, without the

dark dividing band observed when this test is applied to the oil of

sesame. In the latter case the width of the dark band is proportional

to the amount of the oil of sesame used.

* In Figs. 5 and 6 of this plate I have departed from my usual method of mixing

the test-acid and the oil or oils by shaking the tubes, in order to ascertain whether

the oil of sesame combined with cotton-seed oil would be affected simply by contact

with the acid-test without intermixture, and also to note the effect produced by the

stronger acid in comparison with that of the weaker. The acid in Fig. 5, test B,

almost immediately indicated the presence of the oil as illustrated (see Plate 4, sec.

tion a), while with the weaker acid the indications of sesame did not appear un‘

' til the day followin —showing that oil of sesame when combined with any oil may

be quickly detected y the use of the stronger acid-test B.
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PLATE 1.

Sections (1; b, and 0 represent the progressive color reactions of seven varieties of

are olive oil. The first six samples were received from the Quito Olive Farm, Santa

ara, 0:11.; the seventh sample was from the Bijou Farm, Riverside. Cal. The sam

lees were labeled, respectively, Coreggiolo, Razzo, Mission No. 1, Marajolo, Mission

0.2, Virgin oil, Mission No. 3 (from olives grown in the interior valley, heavy soil,

trees irrigated), and are shOWn in this order in the test-tubes numbered from left

to right. Sulphuric acid (test A*) is used. Section (2, same plate, represents the

color reactions of a mixture of cotton-seed oil and known pure lard, combined with

benzinc in e ual pr0p0rtions. Section e represents the color reactions of pure lard

dissolved in enzine in the proportions of one of melted lard to two of benzine by

measure. In this experiment a solution of nitrate of silver (test D‘r) is used. The

benzine is used in both mixtures to get the lard into a minute state of division and

allow the nitrate free access. The color reactions in this case are as observed twenty

four hours after the test was applied. It will be observed that the tubes containing

the cotton-seed oil show a yellow color, which represents the cotton-seed oil, while

figure ’7, section e, pure lard, shows no appearance of yellow. The roportion of

cotton-seed oil used in the first six tubes is one-half, one-third, one-fourth, one-eighth,

one-sixteenth, and five drops, respectively. This section illustrates a method of de

tecting cotton-seed oil in lard.

PLATE 2.

Sections a, b, c, and d represent the progressive color reactions of seven varieties

of pure California oilve oil. The nitric acid test (0.1) is used here. Here as in my

other plates the tests tubes are classed in sections for the sake of convenience, the

figures denoting the respective oils being the same in each section. >

FIG. 1. Coreggiolo. '

FIG. 2. Razzo. .. ’

FIG. 3. Mission No. 1. ~ r

FIG. 4. Marajolo. ‘

FIG. 5. Mission N0. 2 (another variety). '

. 6. Vergine Oleo. (The first running out of the oil under weigh of the “ brus—

cole ” or sacks without mechanical pressure.)

FIG. 7. Mission No. 3. ' .

Section 01 represents not only the advanced color reactions but the progress of the

oils in decomposition.

PLATE 3.

Sections (1, b, c, and d represent the progressive color reactions of the seed oils

and‘lard oil used as adulterants of the pure olive oil. The nitric acid test (C.§) is here

useo.

’ FIG. 1. Pure lard oil, which exhibits under this test colbr reactions similar to those

of pure olive oil. (See plate 2.) ' >

FIG. 2. Pure cotton-seed oil.

FIG. 3. Peanut oil.

FIG. 4.. Po py-seed oil.

FIG. 5. O‘ of sesame.

FIGS. 6 to 13, inclusive, pure raw linseed oil.

All the above oils oxidize quickly at a temperature of 76° Fah. At 85° Fah. they

almost instantly decompose. Any combination of these oils with pure Ollve 0

under this test causes arapid decomposition even at a temperature of 75° Fab. 133’

this test any sophistication of the pure olive oil with these oils may be detected

PLATE 4.

Sections a, b, c, and d represent the progressive color reactions of, Principally,

oil of sesame. This oil is more easily detected than any of the seed oils used as an

adulterant of olive oil.

FIG. 1. Oil of sesame with an equal portion of pure olive oil, under test B-ll _ It

is hi hly important to note the difference in color produced according to the SPeCIfiO

gravrty of the acid used in this test.

* Dilute sulphuric acid chemically pure, specific gravity 1.57 , temperature 71°.6 Fan. 22°C

+ Nitrate 0 silver, 1. to 2 ounces of distilled water.

EChemically pure nitric acid; specific gravity 1.42 temperature 71°.6 Fah., 22° C.

   

Chemically pure nitric acid' 5 ecific gravit ,1. ‘ .

Dilute sulphuric acid, chem ca y pure; spediflc gravity 1.648, temperature 71°.6 Fahd 22° 0
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FIG. 2. Oil of sesame with an equal portion of ure olive oil under test A.*

FIG. 3. Oil of sesame under test B, the oil and t e re-agent being in equal propor

tions.

FIG. 4. Oil of sesame under test A, in equal proportions.

FIG. 5. Oil of sesame and cotton-seed o' in ual proportions under teet B.

FIG. 6. Ten per cent. of the oil of sesame, wit olive and cotton-seed oils in equal

proportions, under test A. In Figs. 5 and 6 the contents of the tubes were not inti

mately mixed by agitating them until twenty-four hours after the tubes were filled.

The contents of Fig. 5, section 01-, indicated the resence of the oil of sesame almost

immediately by the dark neutral tint frin ing e oil as it rested on the acid. The

contents of Fig. 6, same section, but faint y exhibited the p lish color on the day

following. On agitating the contents of tubes 5 and 6. the co or reactions as repre

sented in sections b,' c, and d were observed progressively.

PLATE 5.

Sections (1, b, c, and 01 represent thexprogressive color reactions of pure lard and

mixtures of pure lard with cotton-5e oil under the sulphuric acid test A,+ using

equal portions of benzine in each case as a solvent of the lard.

FIG. 1. Pure lard.

FIG. 2. Pure lard and cotton-seed oil in equal parts.

The test tubes in sections 0 and d, Figs. 1 and 2 respectively, represent the appear

ance of the color reactions after a lapse of seventy-two hours.
 

" Dilute sulphuric acid, chemically pure; specific gravity 1.575, temperature 71°.6 Fish, 22" C.

Alllproportions in these experiments not otherwise expressed are by measure.

1D' ute sulphuric acid, chemically pure; specific grawty 1.575, temperature 71°.6 Fm, 22' C.



  



 

¢

0
‘

\
b

.
l

-

I

a
.

a
Q

Q

\
o

I

v
Q

0
‘

'

O
.

l

I
I
;

I
I

.

I
l

‘
c

A
I

'
5
‘

O
I

O

.
t

V
v

1
I

v
s

Q
.

I
\

l
i

Q

l
\

A
¢

u
n

II
-

q
A

u

I
o

|

l

a
o

0
I

d

\

I
a

.

I

 



Reports? Microscop-S'ilfli Deptofsqncolmre ’85“)
Plate l  

  

MICROSCOPIC iNVFYSTlGATlON OF THE TEA LEAF.

LOWER hPlDERMlS OF LEAF. SHOWING THE STOMATA AND CHLOROF‘HYL CELLS.

Fiol
O

 

I Ie'flor oea

STONE CEI_L"6N CENIER or THE LEAF

‘. - w .- ‘

Fig 2
  

  

  

 

  

v.17. rem: J J
v'VI i





Report of Microscopist.U.S.Dept.of AqI‘IculIure, I889 Plate llv
 

MICROSCOPIC INVESTIGATION OF THE TEA LEAF.

STONE CELLS'OBSERVED AMONG THE LOOSE CELLS OF THE LEAF

 

  

  

EPIDFRMIS OF THE LEAFUPPER

  

  

  

 
Yew 'u v

\

I‘0¢ M '1'!" IheLma Q11“:

   

1 . Xaymr (Sm





Report of Microscopist, U.S‘Dept o: AgHCUhUI'e. I889 Plate Ill.
  

 

 

MICROSCOPIC INVESTIGATlON OF THE TEA LEAF.

SCLERENCHYMA OR'STONE CELLSMOF THE moms.

Flo 5

O

  

 

T , Xavm‘ ¢e\_
I

m m. l i ‘Md’m‘ms l...“ - Fwd! ‘\ h

 





Reporter" MiCFOSCOpiSI,L),S Deptof Aqwnfture '889. i are
<

>

MiCROSCOPIC INVESTIGATION OF THE TEA LEAF.

CROSS SECTION OF CAMELLIA JAPONlCA LEAF SHOWING STONE CELLS

'~

‘M
-,,

v}

0‘.

p

'm

j .

-_ y.

‘
\

- Macy} __

  

 

  

  

    

\.\e\i\0\' ¢e\_ ' -) N »-_, M;





Report of the Microscopist, U. S. Department of Agriculture, 1889. PLATE V,

 

Fig.8.

'TeuLeuf.

  

 

  

 

T. Tailor de\- ‘

TEA—LEAF AND ITS ADULTERANTS.

 





Report of the Microsoopist, U. 5. Department of Agriculture, 1889. PLATE VI,

 

  

  

 

 

 

Ask

  

CavnIzWIoL

J “Von‘mu

I

. I §

Paraguay Tc (IL I

sue Beec“ She

 

 

 

T .Tunflov Ae\.

TEA-LEAF AND ITS ADULTERANTS.





Report of the Microscopist, Uv Sv Department of Agriculture, 1889, PLATE V||_

 

 

Tea.

B

 

Win ow.

C

Huufimm.

D

 

H’UMOY'“ .

%
?uvag ayTea.

 

 
  

 

'TI TQYMW (XQL She.

DISTINGUISHING SERRATIONS OF THE TEA-LEAF AND ADULTERANTS CONTRASTED





Report of the Microscopist, U. S. Department of Agriculture, 1889. PLATE VIII,

 

 

Bl “Ck C “II-rant.

H

 

helm.

 

Beech.

 

C umellimdupouim .

 

 

 

Tr- Taylor dc\.

DISTINGUISHING SERRATIONS OF THE LEAVES SOMETIMES MIXED WITH TEA-LEAVES.



  

 

 



Reportof Microscopist U.S.Dept.oFAqricu|ture1889. Plate l

0 LIVE 0 lLS

~seven varieties

Sections a b and c under test A

First colOr‘ reaction .

.v ' 4 5

second

  

F- Taylor an
Geosllm'i! 3=Suni.LithPhfla.

Sections d and e under silver test





‘
~

YnSCu'J‘5l

u

-
\ r\
1 "9th"

'
\
.
'

Q

A
1
1

~
\

D
I

 

I

1.C

:
Lh
.

I
;

L...
I

u
\
na

I 

  

 

  

.

J

.

.
.

.
L

.
.

.
I

.
.

.
.

L
L

.
.

L
I

.
%
I
:
I

.
o
I
‘

Q
n

\
.

I
.

.
L
n

.
1
.

I
.

I
L

.
..

L.
L

.
.

..
:

M
a
fi
a
é
fi
fi
v

.I
£
1
.

L
.L..L

.
.

L
L

.
.

I
I

T
.

.
p

.
.
.
9
1

I
I
L
s
t

R

.

v

..
.

.

L
fi
‘
.

L

1

.
.
.
.

.
~

.

i

.l.

J
v

.

.
.

.
¢

u

-
.
.
.

.
.
.

.
_

.
L
.

.

Q

v
L
.

.
I
-

0
‘

o
'
1

L

I
.
.
L

a
!

.
f

.
L

.
.

L
.

L
.

.
Q
t
.

.

w

.
1
:

I
:

Q

.
u

L

.
.
-

.
.

\
d
L

¢
1

v

W
I
.
.
.

Q
I
Q
‘

LL
L
I
L

L
i
n

u
L

.
L

L
:
L
L

‘
4

w
~
1
u
£
v
v

.

u
.

.L
L

I
.

L
L

L
I

L
L
,

.
I
.

I
I
.

i
.

w
.

.L
.
J
1
4
;

,
fl
.
.
.

.
.
§
.
I
.
.
.
.
_
.
.
.

..
I“

t
L
;

L.
..

L,
L

L.
.

I
r

\
.
.

.
.

.
.

I
.

l
.

.
..

I
.
1
5
?

I
,

.
.
5

W
I
.
)

q
I
r
.
.
.

u.

,..
.

Ir».
Ly

.
L
“

L.
I
n

.

.u‘

_
I

I

u
l
u

.

.

..
.

a.
n

.

b
L

‘
0

.
1

a
“

m
l

.

i
n

J

(
,
‘
\
¢
'
.

\
v
n

I
\

.
I

.
Q

.
I

9
y

-
.

L

n

.
\
l

.
L

.
,

.
I
n

.
w

~
.

L

'
-

0
~

.
-

.

r
I

1
.
.
.
:

a
g
l
j
w
h

.
1

L

I
.

.
.

‘
1
6
.
!

.

C

.
1

l. .

-v‘ 5.5-!“ waL'vL

 

l
.o

.
~

.
$
4
.
.
7
3
%
.

.I.LL
L
:

a
.

.
.

L
L
r
L

I
L.

.
I

.
.
L

I
I
L
I
I

a
l
o
f
t
.

.
I

Lu.
.
W
I
L
K
K
I
‘

.
I
Q

r
:

1

L
:
‘
I
.

w
1

I
.
.

.
I

.
L
a
u
r
n
r
I
?

E
\

#
v
a

T
Q
L
L
I

n
.
9
,
“

L
L
.

I
I

2
‘

L

L
.
.
.

2
1
.
.
.
.
fi
t
.

.
.
.
I
L
.
-

9
.
.

a
.

.
.

L
c
1
.
;

&
.
.
L
.
I
I
.
.
.
!
?
I
.
.
~
£
L
w

x
.

L
.
.

I

n

.
.

f
_

.
v

.-

L

I
.

.
.

Q

.

w
)

>
.

L
.

.

I
~

-
L

4

Q
.

<
.

.
~

.
1

.
.

._
3
.
.
.
.

.
.
.
.

P
i

I
.
n
.
.
.
.
.
.
.
.
.

.
.

.
.

.

 

u .| (Lil...

II





Roper-th Microscopist U.S. Dept»)? Agriculture 1889.
Plate ll.

0 LIVE OILS

I seven varieties

Sechons a b c and d undertest C 7*“

First color reaction.

  

    

 

 

  

  

  

1m.

31" “ ’v:

- 1

_ 5
3;: ‘J

. ,1»
,, Ia _ ,)

.:X I

1‘»

a

I

A I I

,. P M

I ’ I x I “

I I 7 MM

90" '" ._

'3‘ . V ‘.t .
1I V ' k .;

<~. % g'.‘. I

,

F2

  

T. Taylor dpL

Geo.S.Ha|-ri| lSwnIJ‘iHLPhila.

Last stage under decomposition.

(W C‘Nih‘ic acid Sp. gn 1.42.)





' Makes: Grunt L;

P r“

J. u"‘4|. Lli' \C" ;-.;' ..
be

JR.
fia

P.

(3TH

CIF.('luctir‘Gc-iis

Q

2-52‘60f the

C

p

r

i

M

t
r

,4

i
t

(
.
s
‘

\
I

“
a
t\‘

I
t
.

i
!

i
t

C
P

a
.

.4.

W
ki

0
.

I
;

1

C
a
l

.
O
l

O

  

fax"; m- iii-l.

ton-seed

e

wHh
.
.
H

I

\
l

.
l

..

J
.

‘

a
.

C
1bT
.

.
1
.

\
I
I

I
?
O

u
.
.
.
—

._.
a
w
.

S
.
t
!

:‘ed

5 5

S
H

1
.
0

1
U

W

a
e‘

t
I
!

u
H

n
i

.

a
t

N
.

P
.
O

a
.
“

a
.

Cot _

QII.

Cal.
0

Ldrfl



 



Report of Microscopist U.S.Dept,oF Agriculture 1889. Plate

GO LOR REACTlON

ofthe seed oils including lard adulter‘ants

of olive oil and lard

under test C 721

  

T. Taylor dol. a", s Harrin ass“; Li'll Plula

Lard oil. Cotton-seed Peanut Poppy-seed Sesame Raw Linseed.

Oil. oil. oil. Oil. oil.

(113 Nitric acid Sp. gr. 1.42.)





u

l

OsCC‘DI'Kt U
37*

p C L

I

L-b
a\0 ( Agv

'Luliu'r‘ a

FR‘I

n

C

.3
QOn In C‘ Ive 0IS detPLI

&

l

 
  

91.; {- hrmi hub {15“‘limb H0
1‘. Taylor (IN.

 

 



v0



Repel-to? Microscopist U‘S. Daphoi Agriculture 1889. Plate IV

SESAMdE OIL

n

  

a

its detection in Olive oil by two tests—A and BA

1" r33’1"" del- 600.5 HMfiSkSm\5.L\\lLP|H|-l





 

‘ .,

'6 Mb?(Icuitu

I'

.A;‘FRupee-tot Mrcrosccps-u US Dept

1.1.

.
E
fl
u
i
w
a
fi
i
4
%
.

.

.
é
?

a
.
“
fi
g
”

g
a
g
e
s
»
;

.,
.

<
I
I
l
t
t
I

m
a
s
s
a
g
e

.........

 

 

.
E

  

i
n
c
r
e
a
s
e
s
.

a1
4.1!a.. $.13... t 03. a"InIrfllI. Taylor do].

 
ed ."-'a

ure Lard cotton-sPSUZIHQ.Pure Lard and b

 





Roper-tot Microscopist U.S.Dept.oF Agriculture 1889. Plate V.

COLOR RFACTION

o

Lard and cotton seed oil and Lard under test A.

. 1? /' 5' l / 2 / L'. / _‘

/ 4' ' 2 / 2 / —" ‘ 2

  

1:. Taylor del Geo.S.Har|'is kSunsthPlu'la.

Pure Lard and benzine. Pure Lard cotton-seed oil and benzine.



3‘}.



IIIIII

SECRETARY OF AGRICULTURE;

BEING PART OF

THE MESSAGE AND DOCUMENTS

COMMUNICATED TO THE

TWO HOUSES OF CONGRESS

BEGINNING OF THE FIRST SESSION OF THE FIFTY-FIRST CONGRESS.

WASHINGTON:

GOVERNMENT PRIN‘TING OFFICE.

1890.



[PUBLIC RESOLUTION—NO. 1.]

Joint resolution to print the Agricultural report for eighteen himdred and eighty-nine.

Resolved by the Senate and House of Representatives of the United States of

America in Congress assembled, That there be printed four hundred thousand copies

of the Annual Report of the Secretary of Agriculture for the year eighteen hundred

and eighty-nine; seventy-five thousand copies for the use of the members of the

Senate; three hundred thousand copies for the use of the members of the House of

Representatives, and twenty-five thousand copies for the use of the Department of

Agriculture, the illustrations for the same to be executed under the supervision of

the Public Printer, in accordance with directions of the Joint Committee on Print

ing, said illustrations to be subject to the approval of the Secretary of Agriculture,

and the copy for the illustrations of said report shall be placed in the hands of the

Public Printer not later than the thirtieth day of December eighteen hundred and

eighty-nine, and the copy of the text not later than the fifteenth day of February,

eighteen hundred and ninety.

SEC. 2. That the sum of two hundred thousand dollars, or so much thereof as

may be necessary, is hereby appropriated, out of any money in the Treasury not

otherwise appropriated, to defray the cost of printing and binding said report.

Approved, December 19, 1889.

 



TABLE OF CONTENTS.

Page.

Report of the Secretary of Agriculture ..................................... '7

Special Report of the Assistant Secretary of Agriculture .................... 46

Report of the Chief of the Bureau of Animal Industry ...................... 49

Report of the Superintendent of Gardens and Ground“, .................... 111

Report of the Chemist ..................................................... 135

Report of the Mioroscopist.................. > ............................... 191

Report of the Statistich .................................................. 201

Report of the Chief of the Forestry Division................................. 273

Report of the Entomologist ................................................ 331

Report of the Ornithologist and Mammalogist ............................. 363

Report of the Botanist..................................................... 377

Report of the Chief of the Section of Vegetable Pathology ..... . ............ 397

Report of the Pomologist................. . . . . - . . ......................... 433

Report of the Chief of the Silk Section ................... . . . . ........ . ..... 453

Report of the Chief of the Seed Division ................................... 477

Report of the Director of the Ofiice of Experiment Stations ..... . ........... 485

' 3

Ji‘725‘



LIST OF ILLUSTRATIONS.

REPORT OF THE MICROSCOPIST:

Plate I.-—Lower surface of tea-leaf .................... . . ............

Plate II.—-Internal structure of leaf ..................................

Plate III.-—Stone cells of tea-leaf ........................ . ............

Plate 1V.——Leaf of Camellia Japonica with cross-section of tea-leaf . . . .

Plate V.-—True tea-leaf and leaves of the Black Currant ..............

Plate VL—Leaves said to be u‘sed as adulterants of tea ...............

Egg % Plant leaves used as adulterants of tea, highly magnified. . .

Plate L—Color reactions, varieties of oil ............................

Plate II.—Progressive color reactions ...............................

Plate III.—Color reactions of lard and seed oil ........................

Plate IV.—Color reactions oil of Sesame ..............................

Plate V.—Color reactions pure lard and lard mixed with cotton-seed oil .

REPORT OF THE ENTOMOLOGIST:

Plate I.—The Grain Plant-louse and its enemies.............. .. . . .

Plate II.-—The Six-spotted Mite of the orange........... . . . . .........

Plate III.—Enemies of the Fluted Scale ..............................

Plate IV.—The Horn Fly ........ . . . . ................................

Plate V.—The Horn Fly......................................... . ..

Plate VL—Parasites of the Grain Plant-louse ........................

REPORT OF THE ORNITHOLOGIST AND MAMMALOGIST:

Plate' I.—-MarshHawk ..... ..... . ......... ......

Plate II.—Screech0wl......... .......... . .............

REPORT OF THE BOTANIST:

Plate I.—-Brassica Sinapistrum . ........ . . . . . ............ . ..........

Plate II.—Bidens frondosa. ......... . . . . . . . ..........................

Plate III.—-Cnicus lanceolatus .......................................

Plate IV.——Sonchus oleraceus ........................................

Plate V.-—-Anthemis Cotula ........................ . ................

Plate VI.—Convolvu1us sepium ......................... ‘ ...........

Plate VIL—Datura Stramonium . . . . . . . . . . . . . ._ .......................

Plate VIII.—-Rumex crispus ...... . ............ . .......... . . . . .........

Plate IX.—Rumex obtusifolus ......................................

Plate X.——Amarantus spinosus .....................................

Plate XL—Shortia galacifolia .......................................

REPORT OF THE CHIEF OF THE SECTION OF VEGETABLE PATHOLOGY :

Plato I.—-A Mignonette disease (Cereaspora reseda Fckl.) ............

Plate II.——Treatment of pear-leaf blight (Ent0m0spom'um maculatu'm

Lév.)...................................................

Page.

200

200

200

200

200

200

200

200

200

200

200

360

360

360

360

360

360

376

376

396

396

396

396

396

396

396

396

396

396

396

428

428

5



6 LIST OF ILLUSTRATIONS.

Page.

REPORT OF THE POMOLOGIST:

Plate I.—-Paragon chestnut ...... . ................................. 452

Plate II.——Hawkeye plum .......................................... 452

Plate III.—Crandall currant . . . .l . .................................... 452

Plate IV.—Garfield apple ............................................ 452

Plate V.—Winds0r apple............................................ 452

Plate VI.—-Fig. 1. Lacon apple ...................................... 452

Fig. 2. Pefier apple. . . . . .................................. 452

Plate VIL—Fig. 1. Bloomless apple ................ . ............ . ..... 452

Fig. 2. Philopena pear .............................. . ..... 452

Plate VIII.—Sapodilla ................................................ 452

Plate IX.-—Hyakume (Kaki) .............................. , .......... 452

Plate X.——Yeddo Ichi (Kaki) ................. . . . . .. . ............. . . . 452




