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No. 07. Grass thrips; treatment for thrips in greenhouses.

No. 68. Fertilizer analyses.

No. 75. Fertilizer analyses.

No. 76. The imported elm-leaf beetle.

No. i t

.

Fertilizer analyses.

No. 7JJ. Growing China asters.

No. 81. Fertilizer analyses; treatment of barnyard manure

with absorbents; trade values of fertilizing ingre-

dients.

No. 82. Orchard management; cover crops in orchards;

pruning of orchards; report on fruits.

No. 83. Fertilizer analyses.

No. 84. Fertilizer analyses.

No. 80. Orchard treatment for the San J ose scale.

No. 87. Cucumbers under glass.

No. 8'J. Fertilizer analyses; ash analyses of plants; instruc-

tions regarding sampling of materials to be for-

warded for analysis.

No. 00. Fertilizer analyses.

No. 91. Injuries to shade trees from electricity.

No. 02. Fertilizer analyses.

No. 03. Concentrated feeds.

No. 05. Fertilizer analyses ; notes on barnyard manure ; trade

values of fertilizing ingredients.

No. 06. Fungicides; insecticides; spraying calendar.

No. 07. A farm wood lot.

No. 08. Inspection of concentrates.

No. 00. Dried molasses beet pulp; the nutrition of horses.

No. 100. Fertilizer analyses; market values of fertilizing in-

gredients.

No. 101. Inspection of concentrates.

Special bulletin,— The coccid genera Chionaspis and Hemichi-

onaspis.

Technical bulletin, No. 1,— Greenhouse Aleyrodes; strawberry

Aleyrodes.

Technical bulletin, No. 2, — The graft union.

Index, 1888-05.

Annual reports for 1807, 1808, 1800, 1000, 1001, 1002, 1003,

1004.

Of the other bulletins, a few copies remain, which can be

supplied only to complete sets for libraries.
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ANNUAL REPORT

Of Geoiige F. Mills, Treasurer of the Hatch Expekimext Station

OF Massachusetts Agricultural College,

For the Year endiny June 30, 1904.

Cash received from United States Treasurer, . . . $15,000 00

Cash paid for salaries, .... $G,012 05

for labor, ..... 3,070 03

for p'ublications,.... 1,017 89

for postage and stationery, . 297 42

for freight and express. 116 30

for heat, light, water and power. 477 95

for chemical supplies, . 25 40

for seeds, plants and sundry supplies 408 19

for fertilizers, .... 1,331 20

for feeding stuffs, 401 28

for library, .... 31 70

for tools, implements and machiner}' 221 33

for furniture and fixtures, . 509 31

for scientific apparatus. 318 21

for live stock, .... 313 50

for travelling expenses. 137 02

for contingent expenses. 10 00

for building and repairs. 301 22

$15,000 00

Cash received from State Treasurer,

from fertilizer fees,

from farm products,

from miscellaneous sources,

Balance June 30, 1903,

$13,000 00

4,204 58

2,714 79

3,606 92

3,198 56

$26,724 85

Cash paid for salaries,

for labor.

13,134 20

1,985 23

Amount carriedfornumL $15,119 43
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Ainouiil hnmylU forward, . . . $15,119 43

Ciish paid for publications,.... l,41o 18

for postage and stationery, . 00 1 11

for freight and express, 161 96

for heat, light, water and j)ower. 405 88

for chemical supjjlies, . 450 71

for seeds, plants and sundry supplies,
, 321 52

for fertilizers, .... 3 70

for feeding stuffs, 840 60

for library,..... 215 80

for tools, implements and machinery. 100 34

for furniture and fixtures, . 340 15

for sci(mtitic apparatus. 952 56

for live stock, .... 375 75

for travelling expenses. 1,757 08

for buildings and repairs, . 329 53

Balance, ....... 3,383 55

.«26,724 85

T, Charles A. Gleason, duly appointed auditor of the corporation, do hereby

certify tliat I have examined the accounts of the Hatch Experiment Station of

the Massacliusetts Agricultural College for the fiscal year ended Jiuie 30, 1904;

that I have found the same well kept and classified as above ; that the receipts

for the year from the Treasurer of the United States are shown to have been

!?ir),00O, and the corresponding disbursements $15,000; for all of whicli i)roper

voudu'rs are on file and have been by me examined and found correct, tlius leav-

ing no balance of the $15,000; and that $3,383.55 are left of the State appropria-

tion and of funds received from miscellaneous sources.

CHARLES A. GLEASON,
Auditor.

Amhkkst, Aug. 15, liKM.
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REPORT OF THE BOTANIST.

G. E. STONE, N. F. MONAHAN, ASSISTANT.

With the exception of a continual increase in our corre-

spondence, the same routine has been pursued as in previous

years. Experiments have been carried on in the greenhouse

as usual on problems connected with roses, carnations, to-

matoes, melons and violets. There are obscure diseases

connected with these crops, which are in need of further

study in order to throw more light on some practical methods

of controlling or eliminating them.

Work has been contiimed on the effects of illuminating

gas on trees, — a subject which is becoming important to

communities. This matter is receiving attention in various

States, on account of the not infrequent destruction of

avenues of valuable shade trees. Experiments of various

kinds pertaining to electricity and plant life in general have

also received some attention. There is an increased interest

in this subject, more particularly relating to the injurious

effects which are too frequently manifested in valuable shade

trees coming in contact with live wires. The department

has also given considerable attention to the study of soil

organisms, but this work at present is merely in a prelim-

inary stage.

Crops as related to Weather Conditions.

Ev^ery season is distinctly peculiar as regards the preva-

lence or non-prevalence of specific fungous growths. The

early potato blight appeared in most places to do more in-

jury than usual during the early part of the summer. This

is true even where crops were sprayed. As far as this season's

results are concerned, it would indicate that spi-aying was

not commenced early enough for controlling this blight.
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Most potatoes oiiglit to have been sprayed as early as June

12 or 15, in order to check the blight, or, in other words,

when they were less than one-third giown. In regard to

the mildew and wet rot on the potatoes, the eflects were

severe in some localities, and much loss was experienced.

The asparagus rust was more pronounced than last season.

A stem rot caused much damage to cultivated dandelions,—
a trouble which appears to he an unusual one in this State.

Cucumber and melon blight have been exceedingly rare the

past sunnner, being the first for about six years when no

trouble has been experienced. The downy mildew {Plas-

mopara Caheufiis, (B. and C.) Humphrey) of cucumbers

and melons, which is believed to work its way north from

the south each year, did not meet our attention once during

the season. On the other hand, Altcrnaria and Anthracnose

have existed here and there, Init did no appreciable harm.

The worst injuries were due to winter-killing. In our

last rei)ort we alluded briefly to disastrous effects of winter-

killing of various shrubs and i)lants, caused b}' the unusual

prolonged fall of 1902, and the severe and sudden cold oc-

cuiTing in December of that year. The winter of 1903 and

1904 was even more severe than the preceding one in causing

injury to i)lants, and this injury showed itself in a different

manner. Last winter was particularly characterized as caus-

ing severe injury to native plants, as well as exotic orna-

mentals. The effect of the extreme cold on plants was,

moreover, quite different in the winter preceding, inasmuch

as in 1902 and 1903 freezing of the tender wood above

ground largely took place, while the effects of last winter's

freeze extended both above and below the surface of the

ground. The most characteristic feature of the last winter-

killing was the injury done to the roots. This was particu-

larly noticeable on apple, pear and plum trees, and the white

pine suffered to a considerable extent in some localities.

Many ornamentiil shrubs and vines also show the same char-

acteristic effects of root killing. Numerous apple trees

were killed outright, and thousands lost a greater or less

number of limbs, due to an inadequate root system to supply

them. Pear trees did not seem to be afiected so extensively
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i> the apple. We oljfc?<rrved |»ear tree5> wLicij iiaa ix^cii traiik-

-plit open two or three inches by the frost. The c^evic•e^

eventually closed aod commenced to heal over in the s|)ring,

although the effects of partial root killing have left manv of

them in a bad condition. The splitting of the stem Ls what

is termed sun scald or frost crack, and the frost and sun are

l>elieved to be responsible for it. One of the characteristic

results of partial root killing is that the trees will bear leaves

in the spring and apjiear normal for a while, when suddenly

the leaves commence to turn vellow and brown, and finally

dry up and drop off. If only part of the root system is in-

jured, the effects will show only on one or more branches or

limbs ; but when a large portion of the root system is involved,

the whole tree is likely to collapse. The development of the

leaves of many apple trees, and in some instances of peach

and plum trees which had jiartially leaved out, was suddenly

arrested, and they remained in this condition all summer.

White pines in some localities appeared to be injured ex-

tensively by cold, and such native species as the white a>h,

red and sugar maples, birches and ix)plars showed the effects

of the severe winter. The red maples exhibited in many
cases a scarcity of foliage, especially near the top ; and more

dead wood than usual was observed in some of the other

-pecies noted. The effects of root killing show more con-

spicuously when the soil moisture becomes reduced, and in

many cases not until the season had become quite advanced

did some trees show the effects of winter-killing. The effects

on exotic plants were more severe than in 1902, since, in

addition to the part above ground, the roots were injured.

Japanese maples, Japanese clematis, California privet,

deutzia, roses, barberries, viburnums, etc., suffered to a

considerable extent, and many were killed outright. This

list could be greatly extended, and if complete would fiir

exceed that noted in our last report. Sycamore and Norway
maples have suffered from the loss of new wood during the

past two years, as shown by the death of terminal branches.

Grape vine roots were affected in many cases, and in some

instances the maturing fruit wilted and dried ap as if affected

by the black rut.
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Oil the whole, the season ean be characterized as showing

an unusual amount of winter-killing ; in fact, more than has

been seen for many years in this State.

Testing of Seed.

This department has frequently been called upon to do

more or less of this work for fiirmers, and in many instances

for seedsmen. Practically all seedsmen test their own seed
;

when, however, there is some doubt as to the germinating

capacity, it occasionally becomes necessary to submit the

seeds to a third party for results ; in such cases the station

is called upon to make tests. During the past year 120

samples have been tested for farmers and seedsmen.

Thk Practice ob^ Soil Sterilization.

The application of steam under more or less high pressure

to greenhouse soils contiiminated with sterile fungi, and the

use of hot water for partial sterilization, have been practised

for a few 3'ears by greenhouse growers. AVe have had con-

siderable experience with growing crops in sterilized soil,

and some greenhouse growers have annually resorted to this

method of treatment. It is our purpose to give a resum^ of

the results obtained from this practice.

Sterilization has been the means of lessening the amount
of infection in lettuce houses in plants aff'ected with drop

and Rhizoctonia, and also of ridding houses of eel worms.

It ha.s also been the means of greatl}^ stimulating the growth

of crops ; and in this respect it is likely to do as much harm
as irood, when intelligent supervision is not given to the

cro}). Some greenhouse men have resorted to sterilization

for no other purpose than merely to try it, their houses

being free from any infection for which this method of treat-

ment could be reconnuended ; while others have followed

the practice of sterilizing for the purpose of modifying the

gro^vth and texture of their i)lants.

Besides the desired eft'ect ui)on the eradication of drop

and Rhizoctonia in lettuce houses, it has been the means
of modifying to a large extent the texture of lettuce, and

it has been emijloyed as a stimulator. It hits also been sue-
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cessful ill enulicating troublesome inject pests. Its prin-

cipal drawbacks, however, in growing lettuce, have been

due to its stimulating effects on the plant itself, which,

where proper precautions are not taken as regards tempera-

ture, etc., result in developing a more tender plant, with a

loose and less desii-able head. A lettuce plant of this type

is more tender because it contains more water, and it is not

so desirable for the market. Moreover, such plants are in-

clined to be susceptible to Botrytis rot, if not properly

handled. We learned very early in our experiments that,

on account of the stimulating effect brought about by gi'ow-

ing plants in sterilized soils, it is necessary to hold the crop

back by maintaining lower night temperatures. If a tem-

perature of from 8^ to 10^ F. lower than is customary at

night is maintained, so that the crop may develop no faster

than one grown under normal conditions, the result will be

a crop possessing firm heads of equal texture and resisting

qualities to that grown under normal conditions. We have

repeatedly called attention to the necessity of this practice

in grooving lettuce in sterilized soils, but this advice has not

always been followed.

There has been a slight increased tendency for lettuce

plants to become more subject to Botrytis rot when grown
in either sterilized soil or that treated by hot water, owing

to a more accelerated growth, and the production of a head

of less firm texture. Botrvtis rot is the principal disease

that most lettuce crops are troubled with at the present

time. However, it is not a very serious one with good

growers. There will be observed here and there a plant

affected with Botrytis rot in the best of houses ; the ideal

conditions, however, require that there should be none. As
to the loss by Botrj^tis rot by experienced growers, it is of

no practical importance, since the percentage will be repre-

sented by a small decimal. Botrytis rot can, nevertheless,

be eliminated to a greater extent than it is, if lettuce growers

would follow certain precautions more carefully. In grow-

ing plants in sterilized soil, Botrytis rot can be reduced by
paying attention to proper temperature conditions at night,

or, in other words, by holding the crop within legitimate
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limits. The lU'incipal sources of Botrytis infection are

inferior prickers or seedlings. All prickers showing the

black root should be discarded, as this is the beginning

of the Botrytis rot. No prickers showing any injuries to

the leaves, roots or cotyledons should be utilized, nor should

any dead leaves be allowed to form on the plants or be left

on them after transplanting. A strict adherence to the

above precautions will greatly reduce Botrytis rot.

Another feature which should be considered in connection

with the Botrytis rot, as well as rots in general, is watering.

Lettuce gi-owers have developed the tendency to do less

watering after tlie crop is set than formerly. They apply

most of the water previous to planting, at the present

time. This practice induces the plant to develop a better

root system. The surface of the soil becomes dry and

n-nmins so, which constitutes a great feature in eliminat-

ing Botrytis rot, drop, etc. Were it possible for air and

sun to obtain access to a lettuce stem, there would scarcely

l)e known such a thing as lettuce rot, with the present skill

developed in handling this crop. Some growers have prac-

tised for some time the method of thorouo:hly wettinor the

soil before planting, and not applying any water after trans-

planting ; while others w^ater occasionally for only two or

three weeks after transplanting. We demonstrated quite

early in our work the importance of keeping the surface of

the soil dry. Subirrigation methods reduce the rots to a

considerable extent ; and the method of thoroughly whetting

the soil previous to planting, and not supplying any water

afterwards, is similar in its effects to subirrigation, besides

having the advantage of being a much cheaper method.

Top coatings of clean, dry sand and other substances have

similar effects in reducinj; rots.

AVe believe that a great deal can be accomplished in

eliminating Botrytis rot and other diseases if more care be

taken in selecting seed of a more uniform size and character.

Care should be taken in selecting seed that will produce

more hardy plants, and that which will produce plants less

subject to infection. There is a chance for experimentation

and more careful study here.

In one instance we have heard il im])]ied that lettuce
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crops grown in sterilized soil were prone to mildevy. This

may result to some extent when the crop is not properly

handled ; but mildew is confined to the houses of only a

very few commercial growers, and its existence in a house

at all can be accounted for otherwbe. We introduced the

mildew into our house several times, but it always died out,

and was never known to live through the summer. On the

whole, far better lettuce crops are turned out to-day than

five years ago, and there is a decided decrease in the amount

of infection, due to the application of improved methods of

ti'eatment and culture.

As regards the effects of sterilized soil on the growth of

cucumbei*s, our experiments and those of others have shown

favorable results, since cucumbers will stand a considerable

amount of forcing without any detriment : and we have

none of the drawbacks due to excessive stimulation of the

crop, such as we find in lettuce. ^Vhen cucumbers are grown

under single lights of glass, or under favorable conditions as

regards light, the stimulating effects due to sterilization act

most advantageously
;
while, on the other hand, where the

crop is grown under exceedingly abnormal conditions as

regards heat, light and moisture, as it sometimes is, no

appreciable results are noticeable, except in so far as the

treatment eliminates undesirable pests from the soil. In-

deed, no form of stimulation is of any practical value to

plants when their conditions of gi'owth are extremely ab-

normal. Sterilization is especially efficacious in destroying

eel worms and preventing timber rot, and also destroys some

insect pests which trouble the cucumber. One of the special

advantages in growing cucumbers in sterilized soil is con-

nected with the seed and seedling, since germination of the

seeds is hastened, the plants are accelerated, and damping-

off is prevented. A considerable amount of acceleration is

given to the growth of the seedling : and in our experiments,

where seeds were sown in sterilized and un sterilized soil,

we obtained an increase in the actual germination of the

seed equal to 33 per cent, in favor of sterilized soil. The

expense of sowing seeds and starting seedlings in sterilized

soil would be slight, and the results obtained render this

process esjiecially desirable.



UA IX II EXPEKIMKXT STATION. [Jan.

The growing of carnations in sterilized soil, according to

our limited experiments, shows a slightly beneficial eftect on

the plant, although others who have had more extensive

experience have noted very little diflerence as the result of

this practice. It is especially applicable to carnations in

eliminating the wet stem rot caused by the fungus Rhizoc-

tonia. In our opinion, there is little reason to believe that

sterilizing would succeed in preventing the dry rot caused by

Fusarium. With carnations, soil sterilization possesses some

advantage in the cutting bed where cuttings are affected

with Rhizoctonia and the dami)ing-off fungus {PytJihun De
Barjaniuii, Hesse). In our rather extensive use of ster-

ilized soil we have never o])served any detrimental influence

on the soil itself; we have, however, always made use of

a tolerably rich soil, well supplied with organic matter.

The i)rincii)al forms of appliances now used for this i)ur-

l)ose are similar, with some modifications, to those which

have been employed for five or six years. Perforated iron

pipes made uj) into frames, 10 to 12 feet long and 8 to 10

feet wide, are most generally used. The harrow form of

apparatus, known as the Sargent sterilizer, is also largely

used, and consists of an iron frame, 4 or 5 by 8 or 10 feet,

provided with perforated teeth about 10 or 12 inches apart

and 1 foot long. The teeth are thrust into the soil, and the

steam is turned on. With this form of apparatus it is not

necessary to shovel the soil, hence the process is cheap.

The latter type re(iuires a high pressure of steam, and not so

great a volume ; while the former apparatus requires a large

volume of steam, and can be operated to advantage with 15

or 20 pounds of steam pressure.

The Influence of Electrical Potential on the

Growth of Plants.^

In our last report we gave results of experiments showing

the effects of current electricity upon the growth of plants,

also the results of subjecting plants and moist seeds to dif-

ferent electrical potentials. We shall give here the results

» These experiments wore conducted V)y N. F. Monalian.
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of further exporinKMit.s along similar lines, and i)resent some

results relating to ditlerences of eleetrieal potential which

exist between locations in trees and corresponding situations

more or less removed from them.

In the first series of experiments we will consider the

influence of electrical potential upon growth. In subjecting

plants to an atmospheric charge of a certain potential we used

a glass case such as is described in our preceding report,

being, briefly, a glass case 3 feet 4 inches long, 2 feet 9

inches wide and 2 feet 11 inches high, with shellacked wooden

frames and bottom. Another case, for comparison, and

similar in structure but slightly larger, was also employed.

Both cases were tolembly tight when closed, and were placed

on movable trucks, from which they were well insulated, in a

larofe jrreenhouse. The orreenhouse screened out, as it were,

the atmospheric electricity. At no time have we ever been

able to detect any electrical potential in the air in green-

houses. The soil used in growing the plants was of uniform

type, very carefully mixed ; in fact, every precaution was

taken to have the soil conditions the same in each case, and

all its various constituents were thoroughly incorporated.

In the case which was to be treated was placed a small

water-dripping apparatus, which served as a collector, and

which indicated the degree of charging. The aii- was charged

by means of a wire projecting into the case from a Topler-

Holtz influence machine. All electrical readings were meas-

ured by a Thompson quadrant electrometer.

In the two experiments now described radish plants were

employed, as they seemed to be most suitable for the con-

dition under which thev were orrown. The seeds were of a

uniform grade, and were sown in rows 3 inches apart and 1

inch apart in the rows. It was the intention to charge the

case each morning to a potential of 150 volts ; but this was

impossible, as exactly 150 volts could not always be obtained,

and at times, on account of the dampness of the air, no charge

could be procured from the machine. The doors of both

cases were kept closed for four hours after the charge had

been induced into the treated case, and at the end of that

time they were opened ; therefore, for twenty out of every
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twenty-four hours all the plants were growing under the same

conditions. At all times the conditions of temperature and

moisture were practically the same in both charged and nor-

mal, or uncharged, cases.

Table I., Experiment I. (Raphanus saiiuus L.). — Showing Lhc Re-

mits obtained by electrically charging the Air in a Case.

Case.

Average
Daily
Charge
(Volts).

Number
of

Plants.

Total Weight in
Grams of—

Tops. Roots.

Electrically charged case, 167.2

219

162

2,211.3

2,551.5

510.3

623.7

Tahlk I., ExPEUiMENT I. (Raj)hanus salicus L.). — Shoiving the Re-

sults obtained by electrically charging the Air in a Case— Concluded.

Case.

Average Weight
IN Grams of—

Per Cent. <jained
IN Weight of— Total

Per Cent,
gained.

Tops. Roots. Tops. Roots.

Normal case, 10.097 2.333

Electrically charged case, 15.7r)0 3.850 55.98 65.67 57.67

The experiment in Table II. is similar to Experiment I.,

except that the seeds were planted in rows 5 inches ai)art,

instead of 4, as in the preceding one. The cold weather in-

terfered with the development of the plants, and the experi-

ment was brought to a close earlier than was planned.

Table 11., Experiment II. (Rapha7ius salivus L.).— Showing the Re-

sults obtained by electrically charging the Air in a Case.

Case.

Average
Daily
Charge
(Volts).

Number
of

Plants.

Total Weight in
Grams of—

Tops. Roots.

Normal case, ....
Electrically charged case. 141.2

136

69

91

66

98.5

74.0
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Table II., Experiment II. (Raphanus sativiis L.). — Shoiuing the Re-

sults obtained by eleetricalhi charging the Air in a Case — Concluded.

Case.

Average Weight
IN Grams of—

Per Cent, gained
IN Weight of— Total

Per Cent,
gained.Tops. Roots. Tops. Roots.

Normal case, .669 .724

Electrically charged case, .955 1.072 42.73 49.46 45.58

The results given in tables I. and II. are quite similar.

In Table I. there was a gain of 55.98 per cent, in the weight

of tops or leaves and 65.67 per cent, in the weight of roots,

over the uncharged plants ; in Table II., the percentage given

for the tops is 42.73 and for the roots 49.46. The total gain

in Experiment I. is 57.67 per cent. ; in Experiment II. it is

45.58 per cent. The average gain in both experiments was

49.35 per cent, for the tops or leaves, 57.56 per cent, for

the roots and 51.62 per cent, as an average total gain for the

electrically stimulated plants. The charge in Experiment I.

averaged 167.2 volts; in Experiment II., 141.2 volts. The

charge only lasted a few seconds in all instances, and prac-

tically disappeared from the atmosphere of the case in fifteen

minutes.

Some measurements were occasionally made of a dozen

typical plants from each case in Experiment I. The object

in taking these measurements was, first, to show the differ-

ence in size and degree of acceleration, differentiation, etc.,

of the treated and untreated plants
;
and, second, to com-

pare the electrically treated plants with those that were not

treated, when the latter were practically in the same stage

of development
;

or, in other words, the plants in the elec-

trically charged case were compared with those in the un-

treated case on the day in which the measurements were

made, and also five days later, when the development of the

normal plants had reached practically the same stage as that

of the plants in the electrically treated case. V>j this method

any changes in the external configumtion of the plants

brought about by electrical stimulation could be noted.
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Table HI. shows the results of these measurements, and

Table IV. gives a comparison between the leaves of the

plants in the charged and uncharged cases, measurements

being made August 15 and August 20, respectively.

Table III.— Showing the Average of Some Measurements of Plants in

Table /., Experiment I.

Date. Case.

Width of
Leaf

(Centi-
meters) .

Length of
Blade
(Centi-
meters).

Length of
Petiole
(Centi-
meters)

.

Length of
Whole
Leaf

(Centi-
meters) .

August 15, Normal case. 2.13 4.17 2.28 6.49

Electrically charged case,

.

2.66 5.33 4.34 10.16

Difference, . .53 1.16 2.06 3.67

August 20, Normal case. 2.79 4.83 3.35 8.10

Electrically charged case,

.

3.65 6.95 5.20 12.05

Difference, . .86 2.12 1.85 3.95

Table IV. — Oiving a Comjmrison between the Leaves of the Plants in

the Charged ajid Uncharged Cases.

Date. Case.

Width of
Leaf

(Centi-
meters).

Lenirtli of
Blade
(Centi-
meters).

Length of
Petiole
(Centi-
meters) .

Length of
Whole
Leaf

(Centi-
meters) .

August 20, Normal case, 2.79 4.83 3.35 8.10

August 15, Electrically charged case, 2.66 5.33 4.34 10.16

Difference, . .13 .50 .9i> 2.06

The results of these experiments show what was readily

discernible with the naked eye
;
namely, that the length of

leaves of the electrically treated plants was quite different

from those of the normal or untreated plants, and that the

width and lenojth of the leaf blade and the leno^th of the

petioles of the plants in the electrically treated case exceeded

those of the normal or untreated plants. When comparisons,

however, are made of the plants in the electrically treated case

of August IT) with those of the normal of August 20, or five

days later, it will be observed that the width of the blade of

the normal exceeded that of the treated one by .13 centime-

ters, and that the ditference in the length of the blades.
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petioles and leaves in general was much less marked. The

length of the blade, petiole and whole leaf in general was

longer for identical periods of development in the electrically

treated plants than in the normal or untreated, although the

width of the blade was more generally marked in its devel-

opment in the normal than in the plants in the electrically

charged case. The morphological difterentiation due to elec-

trical stimulation is shown in these experiments.

The plants in the electrically charged case were of a lighter-

green color, and they showed a greater tendency to leaf burn

than did the normal plants. They also appeared to be more

succulent, but moisture determinations made of the leaves at

the close of the experiment showed no difference in this re-

spect. The roots in the treated case Avere relatively more

elongated than those in the untreated case. Whether this

form of electrical treatment stimulates plants more than cur-

rent electricity cannot definitely be determined, from the

lack of a sufficient number of comparative results. How-
ever, these two experiments would indicate, both from naked-

eye observations and from weights and measurements, that

static charges act as more pronounced stimuli than current

electricity Avhen applied to soils. Electrical stimulation

gives rise to eff'ects similar to those caused by lack of light,

or such as result from partial etiolation. The light-green

color of the folia^re and the elono^ated ors^ans were similar to

those noticed in plants grown in poorly lighted greenhouses

in winter, and in shaded plants grown in the forest. Other

kinds of electrical stinmlation appear to have the same gen-

eral effects on the plant.

Comparison of Atmospheric Electrical Potential in Trees

and in the Free Air.

The idea has been advanced that trees, shrubs, and in fact

all growing plants, must form a means by which the poten -

tial of the air and the earth is held in equilibrium. A living

tree does not offer such an enormous resistance to the passage

of electricity as dead wood does. We have charged small

plants in the laboratory to a sufficiently high potential so

that, when placed in the dark, sparks were emitted from



•20 HATCH EXPERIMENT STATION. [Jan.

many points of the leaves, and living plants will readily

take charges from a static machine. It has also been main-

tained that trees modify the electrical potential of the atmos-

phere of their immediate surroundings.

Grandeau ^ and other experimenters have shown that when

plants are gi'own under wire netting they develop less in a

given space of time than do plants grown under similar

conditions in every respect as regards light, etc., in the free

atmosi)here. The interpretation of this i)henomenon is,

that wire screens modify the atmospheric electrical potential,

or absorb the electricity, as it Avere, to the detriment of the

j)lant. This method of experimenting with wire nets we

have employed only to a limited extent, and at present have

not a sufficient number of results on which to report. Unfor-

tunately, most of the experiments previously made in this

line arc open to severe criticism, from the fact that too few

plants were employed, and different methods of surrounding

the plants with wire netting prevailed, which accounts for

occasional conflicting results. Grandeau ol)tained similar

results by growing i)lants under a chestnut tree, as under a

wire netting ; and he concluded that it is probable that trees

modify to a large extent the electrical potential of the atmos-

phere in their immediate neighborhood. The object we had

in view in these experiments was to ascertain, among other

things, whether trees did modify in any way the electrical

potential of the atmosphere in their immediate vicinity. In

order to ascertain whether there is any discernible difterence

between the atmospheric electrical potential in trees and in

the free air, at corresponding height and location, we made
a series of three readings daily from April to July, and daily

readings during the remainder of the experiment, with col-

lectors and a Thompson quadrant electrometer. These

observations were started early in the spring, before any

foliage had developed, and continued until after the leaves

had fallen. A collector w^as placed in an elm tree, at a

height of 40 feet above the ground, at a fork between two
limbs from which it was insulated. The collector was sit-

uated about on a level with, or slightly above, the spread of

' "Comptps rendus." T. LXXXVII., 1878, pp. W, 2S,% 939. "Chimie et Physiologie
.TppH<|U«'OS a rAjrrlculture et a la S.\ Ivirulture par L. Grandeau," Paris, 1879, p. 279.
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the branches and leaves. The tree, however, was not in

every respect a typical ehii for this region, the head being

high and close, with the branches drooping but little.

The collector in the tree is designated as II. in the follow-

ing monthly records ; and the one in the free air, which was

located near a building, is designated as I. Collector III.

was in a spruce tree, and Nos. IV. and V. were added in

August. Collector III. was located 12 feet high, near the

top and under the branches of a small Norway spruce. Nos.

IV. and V. represent readings from two small Norway spruce

trees, about 2 feet high, in pots
;
they were located about

16 feet from the ground, on a plank scaffold. No. IV. had

a copper plate in the soil, w^hich was connected with the

electrometer when readings were made. No. V. had a sim-

ilar plate, but was grounded with an insulated Avire ; another

wire led from this copper plate in the soil to the electrom-

eter.

Readings were taken from the various collectors on the

same electrometer at practically the same time each day.

Table V. shows readings taken from April 20 to Nov. 1, 1904,

and where readings are omitted they could not be obtained.

All readings not otherwise recorded imply negative potential.

Table V.— Records showing the Electrical Potential (Volts) takenfrom
an Elm Tree andfrom Free Air.

9 A.M. 1 P.M. 5 P.M.

Date. Collector
I. — Free

Air.

Collector
11.— Elm.

Collector
I. — Free

Air.

Collector
II.— Elm.

Collector
I.— Free

Air.

Collector
II.— Elm.

1904.
April 21, . 56.0 56.0 32.0 32.0 0.0 0.0

22,. . 48.0 48.0 32.0 32.0 16.0 16.0

23,. . 8.0 8.0 40.0 40.0

'24, . 16.0 16.0 16.0 16.0 16.0

25,. . 40.0 40.0 40.0 40.0 16.0 16.0

26,. . 32.0 32.0 16.0 16.0 32.0 32.0

27, . 60.0 60.0 40.0 40.0

28, . 8.0 8.0 32.0 32.0 45.0 45.0

29, . 24.0 0.0 8.0 0.0 0.0 0.0

30, . 32.0 32.0

April 24, trees show signs of budding.
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Table V. — Records showing the Electrical Potential
( Volts) takenfrom

an Elm Tree andfrom Free Air— Continued.

9 A.M. 1 P.M. 5 P.M.

Date. Collector
I.— Free

Air.

Collector
II.— Elm.

Collector
I.— Free

Air.

Collector
II.— Elm.

Collector
I.— Free

Air.

Collector
II.— Elm.

1904.
May 1, . 112.0 112.0 32.0 32.0 0.0 0.0

2, . 16.0 16.0 12.0 12.0 8.0 8.0

3, . 48.0 48.0 40.0 40.0 48.0 48.0

4, . 56. 56.0 24.0 24.0 24.0 24.0

5, . 56.0 56.0 56.0 56.0 8.0 0.0

6, . 12.0 12.0 24.0 24.0 20.0 20.0

7, . 04.0 64.0 28.0 24.5 - -

8, . ~ -

9, .
: - _ _

10, . 24.0 24.0 28.0 28.0 - -

11, . 48.0 48.0 8.0 8.0 16.0 16.0

12, . 72.0 72.0 80.0 80.0 40.0 40.0

13, . 64.0 64.0 8.0 0.0 24.0 20.0

14, . 16.0 14.0 - - - -

15, . 8.0 0.0 8.0 0.0 - -

16, .

1 ( , • •

-

-

-

-

-

32.0

-

-

-

-

-

-

18, .
- - 20.0 8.0 20.0 -

19, . 40.0 32.0 32.0 17.0 16.0 12.0

20, . 56.0 40.0 32.0 24.0 - -

21, . 8.0 0.0 16.0 9.0 20.0 16.0

22, . 32.0 16.0 - - - -

23, . 8.0 4.0 16.0 8.0 32.0 24.0

24, . 16.0 14.0 20.0 12.0 8.0 8.0

25, . . 218.0 32.0 16.0 16.0 20.0 16.0

26, . 88.0 56.0 32.0 0.0

27, . .

28, . . 24.0 20.0 24.0 20.0 16.0 0.0

29, . 32.0 0.0 28.0 0.0

30, . ,

31, .

May 7, leaves beitrlnnlng to show; May 9, hardly a trace; May 14, trees fairly well
leaved, seeds beginninjr to drop; heavy tliunder showers on 26th; 5 P.M. readings gave
extremely high and lluctuating potentials.
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Table V.— Records showing the Electrical Potential (Volts) takenfrom
an Elm Tree andfrom Free Air— Continued.

9 A.M. 1 P.M. 5 P.M.

Date. Collector
I.— Free

Air.

Collector
II.— Elm.

Collector
I.— Free

Air.

Collector
II.— Elm.

Collector
I.— Free

Air.

Collector
11^ Elm.

1904.
Jxine 1, . 24.0 lo.u 8.0 -f"8.0 —8.0

2, .

3, . .
- - 16.0 8.0 - -

4, .
- - 16.0 8.0 - -

5, . . 8.0 0.0 8.0 0.0 112.0 56.0

6, . 20.0 0.0 8.0 0.0 0.0 0.0

7, .

8, . .

-

-

-

-

-

-

-

-

-

-

-

-

9, .

10, .

-

-

-

-

-

16.0

-

8.0

-

8.0

-

0.0

11, . 28.0 16.0 32.0 20.0 24.0 16.0

12, . 72.0 56.0 8.0 0.0 8.0 0.0

13, . 40.0 24.0 40.0 24.0 - -

14, . 8.0 0.0 32.0 0.0 - -

15, . . 16.0 8.0 28.0 24.0 - -

16, . . 8.0 0.0 8.0 0.0 - -

17, . 16.0 8.0 40.0 24.0 - -

18, . 36.0 24.0 28.0 20.0 16.0 0.0

19, . 72.0 48.0 88.0 56.0 8.0 0.0

20, . 32.0 20.0 10. 8.0 8.0 0.0

21, .
OA (\ 16.0 Ib.U Q A Q AO.U 0.0

22, . 20.0 8.0

23, .

24, .

25, .

26, .

27, . . 24.0 12.0 8.0 0.0 0.0 0.0

28, . 16.0 12.0 8.0 trace 8.0 trace

29, .

30, .

June 2-4, rain; June 6-9, wet wire.
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Table V. — Records showing the Electrical Potential
( Volts) takenfrom

an Elm Tree and from Free Air— Continued.

9 A.M. 1 P.M. 5 P.M.

Date. Collector
I.— Free

Air.

Collet-tor
11,— Elm.

Collector
I.— Free

Air.

Collector
II.— Elm.

Collector
1.— Free

Air.

Collector
II.— Elm.

1904.
July 1, .

2, . 4.0

3, .

4, .

5, .
If. c\

1 1) . u 20.0 32 . 20.0

6, . '^S 24.0 U.U 24 .0 0.0

7, . 88.0 56.0 8.0 U.U p.u 0.0

8, .
on rt 8.0 28.0 12.0

9, . 12.0 0.0 48.0 24.0 tM).U 20.0

10, . . 8.0 0.0

11, . . 24.0 8.0 24.0 0.0 24.0 A AU.U

12, . .

IS, . .

U, . . - - _ _ _ _

15, .
- - - - - -

16, . .

17, . .

18, . .

19, . . li.U 0.0 8.0 0.0 8.0 trace

20, . . 12.0 trace 10.0 4.0 10.0 4.0

21, . . 10.0 trace 28.0 8.0 12.0 trace

22, . .

23, .

- - - - - -

24, . .
- - - - - -

25, .

27, . .

28, . . 20.0 8.0 24.0 8.0

29, .

30, . 28.0 8.0 32.0 10.0 10.0 trace

31, . .

July 12-18, electrometer out of order; July 22-28, rain.
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TAiiLE \.— Reco7'ds showiyig the Electrical Potential ( Volts) taken fruui

an Elm Tree and from Free Air— Continued.

[Collector III., 12 feet high, in Norway spruce. Nos. IV. and V,, readings taken from
copper plates in suil. Time of observation, D a.m.]

Datk.
Collector
1. — Free

Air.

Collector
11 .— Klin.

Collector
III.— Spruce.

No. I V. —
Small Spruce
Tree, not
grounded.

No. V. —
Small Spruce

Tree,
grounded.

1904.
Augnst 1, . 88.0 52.0 - - -

2, . . 0.0 0.0 - - -

3, . . 8.0 0.0 - - -

4, . .
- - - - -

5, .

6, .

-

72.0

-

40.0

-

-

-

-

-

-

7, . • 32.0 16.0 - - -

8, . 96.0 56.0 - - -

9, . 40.0 24.0 - - -

10, . 8.0 0.0 - - -

11, . 16.0 8.0 Very slight move ment

12, . 56.0 32.0 +4.0 +4.0 +4.0

13, . S.O trace +trace +trace +trace

14, . 96.0 56.0 +6.0 +8.0 +16.0

15, . 24.0 16.0 +trace +4.0 +trace

16, . . 32.0 16.0 trace +8.0 +12.0

17, . 0.0 0.0 +8.0 +8.0 +12.0

18, . +16.0 +8.0 —8.0 —8.0 —8.0

19, . . 40.0 20.0 0.0 trace trace

20, .
- - - - -

21, . 72.0 40.0 +8.0 +8.0 +12.0

22, . 8.0 +trace +trace +trace +trace

23, . 8.0 trace +8.0 +4.0 +8.0

24, . 48.0 24.0 0.0 trace trace

25, . 56.0 28.0 0.0 0.0 trace

26, . . 96.0 52.0 +8.0 +8.0 +12.0

27, . 88.0 40.0 0.0 0.0 0.0

28, . . 40.0 24.0 0.0 0.0 0.0

29, . 8.0 trace 0.0 0.0 0.0

30, . 40.0 16.0 +2.0 +2.0 +2.0

31, . 40.0 24.0 0.0 0.0 0.0
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Table V.— Records showing the Electrical Potential ( Volts^ takenfrom
an Elm Tree andfrom Free Air— Continued.

[Collector HI., 12 feet high, in Norway spruce. Nos. IV. and V., readings taken from
copper plates in soil. Time of observation, 3 P.M.J

Date.
Collector
I. — Free

Air.

Collector
II.— Elm.

Collector
III. — Spruce.

No. IV,—
Small Spruce
Tree, not
grounded.

No. v.—
Small Spruce

Tree,
grounded.

1904.
August 1, . 80.0 40.0 - - -

2, . - - - - -

3, . 8.0 0.0 - - -

4, .
- - - - -

6, .
- - - -

6, . 24.0 12.0 - -

7, •

8, .

40.0

88.0

24.0

56.0 - -

-

-

9, . 24.0 12.0 - - -

10, . 0.0 0.0 - - -

11, . 8.0 0.0 0.0 0.0 0.0

12, . 40.0 24.0 +4.0 +4.0 +4.0

13, . 56.0 4.0 +trace +trace +trac€

14, . 24.0 12.0 +4.0 +trace +4.0

1.'), . 72.0 40.0 +4.0 +8.0 +12.0

16, . 16.0 8.0 trac« trace trace

17, . 0.0 0.0 0.0 0.0 0.0

IS, . . 0.0 0.0 0.0 0.0 0.0

19, . 40.0 20.0 0.0 0.0 trace

20, .
~ - - - -

21, . 40.0 24.0 +4.0 trace 12.0

22, . 8.0 0.0 0.0 0.0 0.0

23, . 8.0 0.0 +8.0 trace trace

24, . 56.0 32.0 0.0 0.0 0.0

25, . 32.0 24.0 0.0 0.0 trace

2fi, . 72.0 40.0 +8.0 +8.0 +8.0

27, . 48.0 24.0 0.0 0.0 0.0

28, . 8.0 trace 0.0 0.0 0.0

29, . . 4.0 0.0 0.0 0.0 0.0

30, . 16.0 8.0 0.0 0.0 0.0

31, . . 40.0 24.0 0.0 0.0 0.0
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Table V.— Records skuivinxj llie Electrical Potcntidl ( Volts') taken from
an Elm Tree andfrom Free Air— Continued.

[Collector III., 12 feet high, in Norway spruce. Nos. IV. and V., readings taken from
copper plates in soil. Time of observation, 9 a.m.]

Date.
Collector
I. — Free

Air.

Collector
II.— Elm.

Collector
III.— Spruce.

No. IV.

—

Small Spruce
Tree, not
grounded.

No. V.

—

Small Spruce
Tree,

grounded.

1904.
September 1, . 88.0 .52.0 -f4.0 +4.0 +4.0

2, .
- - - - -

3, .

4, .

-

96.0

-

56.0

-

+8.0

-

+8.0

-

+8.0

5, . 72.0 40.0 4.0 2.0 4.0

6, . —8.0 —trace +0.0 +0.0 +0.0

40.0 24.0 0.0 0.0 0.0

8, • 56.0 32.0 0.0 0.0 0.0

9, . 72.0 40.0 0.0 trace trace

10, . - - - - -

11
11,

12, . - - - - -

13

14, . - - - - -

15, . - - - - -

16, .
- - - - -

n, . - - - - -

18, . - - - - -

19, . - - - - -

20, .

21, .

-

-

-

-

-

-

-

-

-

-

22, .

23, .

24, .

25, .

26, . 0.0 0.0 0.0 0.0 0.0

27, . 8.0 8.0 0.0 0.0 trace

28, .

29, .

30, . 24.0 24.0 0.0 trace trace

September 6, possibly slight movement toward positive in Nos. III., IV. and V.

Operator away from September 10 to September 25.
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Table V.— Records showing the Electrical Potential ( Volts) takenfrom
an Elm Tree andfrom Free Air— Concluded.

[Collector III., 12 feet high, in Norway spruce. Nos. IV. and V., readings taken from
<-opi>er plates in soil. Time of observation, 9 a.m.]

Date.
Collector
I.— Free

Air.

Collector
II.— Elm.

Collector
111,— Spruce.

No. IV.—
Small Spruce
Tree, not
grounded.

No. v.—
Small Spruce

Tree,
grounded.

10O4.
October 1, . 40.0 32.0 4.0 2.0 4.0

2, . 56.0 48.0 4.0 trace 2.0

3, . 96.0 80.0 8.0 trace trace

4, .
- - -

-
- -

5, . 8.0 8.0 4.0 4.0 8.0

6, . 40.0 36.0 trace trace trace

i, .

8, .

1>, .

10, .

11, .

12

13,. . ~

-

-

-

-

-

-

14, . 8.0 8.0 2.0 2.0 4.0

15, . 40.0 40.0 4.0 trace 4.0

16, . 8.0 8.0 trace
"

0.0 0.0

17, . 16.0 16.0 2.0 trace 2.0

18, . 40.0 0.0 0.0 0.0 0.0

19,. . 24.0 24.0 trace 0.0 trace

20, . ~ ~ ~

21, . - -

22, .

23, .
_ _ _ _ _

24, . 40.0 40.0 0.0 0.0 0.0

25, . 8.0 8.0 trace trace trace

26, .

27, .

28, .

29, . 8.0 8.0 0.0 trace trace

30,. .

31,. .

October 5, leaves turning color, very few falling; October 20, leaves taken oflf by high
wind; October 24, leaves entirely off trees.





t S 5
Diagram II.— Showing the results of electrical readings from free air, Collector I.,

an«l olm tree, Collector II,, for the month of August. The spaces on the abscissa
denote days; the spaces on the ordinate denote periods of eight volts each. Solid
line indicates free air readings; dotted line indicates elm tree readings.
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Table VI. — Summary of Polejitial Readings of the Preceding Tables,

showing the Total and Average Results given by Collector I. {Free

Air) and Collector II. {Elm Tree)

.

Total Voltage of— Average Daily
Voltage of—

Collector
I.— Free

Air.

Collector
II.— Elm.

Collector
I. — Free

Air.

Collector
II.— Elm.

240 240 30.0 30.0

572 572 52.0 52.0

May 14 to May 398 228 44.2 25.3

June, 498 276 38.0 21.2

2-24 108 37.3 18.0

August 1,088 592 54.4 29.6

456 276 57.0 34.5

October 1 to October 7, 240 204 48.0 40.8

October 7 to October 31, 152 152 19.0 19.0

While the results obtained from this series of experiments

do not possess the same value as the series extending over

more than one season, they nevertheless point very strongly

to the conclusion that trees do modify to a considerable

extent atmospheric electrical potential in their immediate

vicinity. By consulting the summary, Table YI., where the

total and average potentials for different periods are shown,

it will be seen that some important differences occurred

between the potentials of the free air and the elm tree

collectors. It is significant also that there occurred no

difference in the readings between the free air collector and

that in the elm tree up to the time when the leaves developed.

The few readins^s which we were able to make in October

after the leaves had fallen showed the same results.

Our interpretation of the results of these observations is,

that the elm tree took some electricity from the air immedi-

ately surrounding it during the period in which it was in

foliage. If this single series of observations is typical of

what takes place in nature, then we can conclude that the

atmospheric electrical potential is not affected much by trees

in the immediate vicinity except when they are in foliage.

There are a few instances where collectors I. and II. showed
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positive potentials, and practically the same relative differ-

ences are shown here as in the numerous negative potential

readings.

The collector in the branches of the spruce tree, 12 feet

from the ground (Collector III.), from which it was well in-

sulated, invariably showed the opposite potential from that

obtained in the free air and from the elm tree. It will appear

from this that the air surrounding the collector in the spruce

tree was charged with the same kind of potential (positive

or negative) as that of the earth; and the readings taken

from Xos. IV. and V., which were very close to this tree,

although four feet higher, gave the same kind of potential as

that of Collector III. , or larger spruce tree. In other words,

all the potentials in Nos. III., IV. and V. are opposite to that

of the air. There were some ditliculties experienced in ob-

taining readings of the three spruce trees,— partly because

the readings had to be taken too close to the ground, and

partly, perhaps, because we were dealing with the same kind

of potential in the air that the earth was charged witli ; and

that, therefore, when the potential of the air in the branches

of the spruce tree and the potential of the earth were the same

in degree and kind, differences in potential would not exist,

and therefore measurements would be impossible. Evergreen

trees, which are supplied with a large number of pointed

leaves, may possibly be better adai)ted to discharge elec-

tricity than deciduous trees. It is quite possible that ever-

green trees behave quite differently from deciduous trees as

regards their relationship to atmospheric electricity. In our

opinion, there is a strong probability that all living plants act

as conductors, or that they serve to keep the potential of the

earth and the air in more or less equilibrium ; and that trees

and vegetation in general take part in this, although in all

probability all species do not act in the same specific manner.

This phase of the subject has not been studied as nuich as

is desirable. We infer from our own observations that some

trees show a great tendency towards conducting the electricity

from the air to the earth, and that other trees show the

same tendency for conducting electricity from the earth to

the air; and that in all probability this exchange of elec-

tricity from the air to the earth, and vice versa, does not take
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place at the same time through the same tree ; and that,

under normal conditions, — that is, when no great electrical

disturbance is taking place,— some species of trees always

conduct the electricity to the air from the earth, while other

species conduct electricity from the earth to the air. It is

not at all unlikely that in the vicinit}^ of large trees there

is exhibited a detrimental influence on crops, and vegetation

in geneml, to an extent which cannot be accounted for by

the lack of sunshine and soil moisture.

Some Important Literature relating to Diseases, etc.,

OF Crops not generally believed to be caused by

Fl^gi or Insects.

The publication by Dr. W. C. Sturgis^ of a host index

relating to economic fungi has proved of great value to

students, and to those interested in the literature pertaining

to fungous diseases of our important cultivated crops. Un-

fortunately, the host index of Dr. Sturgis does not include

those troubles genei*ally termed physiological, or those of

an unknown nature.

The following list is compiled to supplement his host index

to literature pertaining to fungous diseases. It is by no

means complete, but includes at least some of the more

important publications of the agricultural experiment sta-

tions and United States Department of Agriculture relating

to functional and unknown disorders.

Apple (Pirns malus, L.)

,

Baldwin Fruit-spot, Brown-spot. — N. Y. (Geneva) Agr. Exp. Sta., Bull. No.

164, 1899, pp. 215-219. Vt. Agr. Exp. Sta., Rept. 1899; 1900, pp. 159-164.

Frost-blisters (Leaves) .

—
'S . Y . (Geneva) Agr. Exp. Sta., Bull. No. 220, 1902,

pp. 217-224. See Quince. Mass. Hatch Exp. Sta., Rept. No. 15, 1903, pp.

32-.^.

Frost-cracks (Fruit).— Vt. Agr. Exp. Sta., Bull. No. 49, 1895, p. 100. See Pear.

Rosette.— Col. Agr. Exp. Sta., Bull. No. 69, 1902, pp. 4-6.

Scald.— Yt. Agr. Exp. Sta., Rept. 1896-97, pp. 55-59: also 11th Rept. 1898, pp.

198, 199.

Spraying and Bloom. — y. Y. (Geneva) Agr. Exp. Sta., Bull. No. 196, 1900.

Spraying Injuries. —'S.Y. (Geneva) Agr. Exp. Sta., Bull. No. 220, 1902, pp.

225-230.

Apricot (Prunus).

Leaf-scorch or Sunburn. — Ariz. Agr. Exp. Sta., Rept. 1898, pp. 163-165.

1 Conn. (State) Agr. Exp. Sta., Bull. No. US, 1S93; Repts. 17, 1S93; -21, 1897; and 24,

1900.
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Aster (Callistephus hortensis, Cass.).

Yellows.— Usissi. Hatch Exp. Sta., Bull. No. 79, 1902, p. 11.

Beet (Beta vulgaris, L.)

.

Leaf-scorch (Sugar Beet) .— 'iif. Y. (Geneva) Agr. Exp. Sta., Bull. No. 162, 1899,

pp. 167-171.
Cauliflower (Urassica oleracea, Ij.).

Leaf-scorch or Tip-burn.— 'S. Y. (Geneva) Agr. Exp. Sta., Bull. No. 1()2,

pp. 176, 177.

Celery (Apium graveolens, L.).

Pi«Ain€««.— Maryland Agr. Exp. Sta., Bull. No. 83, 1902; also Bull. No. 93,

1904.
Cherry (Prunus Cerasus, L.).

Leaf-scorch.— ^.Y. (Geneva) Agr. Exp. Sta., Bull. No. 162, 1899, pp. 171-176.

See Maple, etc.

Cotton (Gossypium, spj).).

Red Leaf-blight.— A\a. Coll. Sta., Bull. No. m, 1892, pp. 31, 32.

Shedding of Bolls.- Ala. Coll. Sta., Bull. No. 41, 1892, pp. 50-53.

Yellow Leaf-blight. — A\a. Coll. Sta., Bull. No. 36, 1892, pp. 2-31.

Cucumber {Cucumis sativus, L.).

Leo/-cMr/. — Mass. Hatch Exp. Sta., Bull. No. 87, pp. 30, 31.

Stem-curl.— Miifni. Hatch Exp. Sta., Bull. No. 87, p. 32.

ir<7/. — Mass. Hatch Exp. Sta., Bull. No. 87, p. 32; also Kept. 1899, pp. 159-163.

Grape (Vitis, .

California Vine Disea.^e.— U. S. Dept. Agr., Div. Veg. Path., Bull. No. 2, 1892.

U. S. Dept. Agr., Fanners' Bull. No. 130, pp. 1-11.

Chlorosis. — V. S. Dept. Agr., Div. Veg. Path., Bull. No. 2, 1892, pp. 179-181.

Coulure.— V. S. Dept. Agr., Div. Veg. Path., Farmers' Bull. No. 30, pp. 11-14.

Mai Nero, Rougeot and Folletage.— N. Y. (Cornell Univ.) Agr. Exp. Sta.,

Bull. No. 76, 18<H, pp. 420, 421. U. S. Dept. Agr., Div. Veg. Path., Bull.

No. 2, 1892, pp. 181-198.

Sunstroke.— Agr. Exp. Sta., Kept. 1887-93, pp. 450, 451.

Pourriture. — \]. S. Dept. Agr., Div. Veg. Path., Bull. No. 2, 1892, pp. 181, 182.

Shelling.— Conn. (State) Agr. Exp. Sta., Kept. 189(), pp. 278-281. Mich. Agr.

Exp. Sta., Bull. No. 121, 1895, p. 51. N. Y. (Cornell Univ.) Agr. Exp. Sta.,

Bull. No. 76, 1894, pp. 413-440, 452-454.

Lettuce (Lactuca sativa, L.).

Top-burn.— Mass. Hatch Exp. Sta., Bull. No. 69, p. 38; also Kept. 1897, pp.

82-H4.

Lily (Lilium, spp.)

.

Bermuda Lily Disease — U. S. Dept. Agr., Div. Veg. Phys. and Path., Bull.

No. 14, 1897.

Melon (Cucumis Melo, L.).

Top-burn.— Ga. Agr. Exp. Sta., Bull. No. 57, 1902, p. 190.

Oranges, Lemons, etc. (Citrus, sp]).).

Illight. — V. S. Doi)t. Agr., Div. Vog. Phys. and Path., Bull. No. 8, 18JK), pp.
;)-14. U. S. Dept. Agr., Jouni. Mycol., Vol. VII., 18«H, i)p. .32-34.

Die-hack or Exanthema. —Cn\. Agr. Exp. Sta., Bull. No. 1.'38, 1902, pp. 40, 41.

Fla. Agr. Exp. Sta., Bull. No. 53, IIXX), pp. 157-161. U. S. Dept. Agr., Div.

Veg. Phys. and Path., Bull, No. 8, 189(>, pp. 14-20. U. S. Dept. Agr., Joum.
:viycol.. Vol, VII., \m, pp. 29, 30,
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Foot-rot or Mai (U Gomma.— Fla. Agr. Exp. Sta., Bull. No. 5o, I'.KX), pp. 151-

155. U. S. Dept. Agr., Div. Veg. Phys. and Path., Bull. No. 8, 1896, pp. 28-

33. U. S. Dept. Agr., Journ. Mycol., Vol. VII., IBiH, pp. 30-32.

Melanose.— Fla. Agr. Exp. Sta., Bull. No. 53, 1900, pp. 168, 169. U. S. Dept.

Agr., Div. Veg. Phys. and Path., Bull. No. 8, 1896, pp. 33-38.

Peach (Prunus Persica, Benth. and Hook.).

Bordeaux I/ijury.— Conn. (State) Agr. Exp. Sta., 24th Ann. Kept. liKX), pp.

21<>-254. N. Y. (Cornell Univ.) Agr. Exp. Sta., Bull. No. 164, im), pp.

385-;388. See Plum. Tenn. Agr. Exp. Sta., Bull., Vol. XV., No. 2, 1902.

Dropsical Swellings of Tioigs and Branches.— Ohio Agr. Exp. Sta., Bull. No.

92, 1898, pp. 206-208.

Fruit-crack or Sun-scald.— Col. Agr. Exp. Sta., Bull. No, 41, 1898, pp. 15-18.

Gum Disease.— Mich. Agr. Exp. Sta., Rept. 1896, pp. 123, 124; also Kept. 1897,

p. 96. Mich. Agr. Exp. Sta., Bull. No. 156, 1898, p. 304.

Little Peach.— Mich. Agr. Exp. Sta., Kept. 1896. pp. 121, 122; also Bull. No.

156, 1898, pp. 303, 30i.

Mechanical Injuries, e«c.— Ohio Agr. Exp. Sta., Bull. No. 92, 1898, pp. 189, 190.

Ros>'Ate.— G&.. Agr. Exp. Sta., Bull. No. 42, 1898, p. 221. Maiyland Agi-. Exp.

Sta., Bull. No. 42, 1896, pp. 160-162. Oklahoma Agr. Exp. Sta., Bull. No.

20, 1896, p. 21. U. S. Dept. Agr., Div. Veg. Path., IJull. No. 1, 1891. U. S.

Dept. Agi-., Farmers' Bull. No. 17, pp. 13-17. U. S. Dept. Agi-., Joum.
Mycol., Vol. VI., pp. 143-148. U. S. Dept. Agr., Jom-n. Mycol., Vol. VII.,

1894, pp. 226-232.

Twig Diseases,— Gum-flow. — Ohio Agr. Exp. Sta., Bull. No. 92, 1898, pp. 199-

206.

Twig Spots.— Ohio Agr. Exp. Sta., Bull. No. 92, 1898, p. 208.

Yellows.— Conn. (State) Agr. Exp. Sta., Bull. No. Ill, 1892, pp. 7, 8; also Bull.

No. 115. Delaware Agr. Exp. Sta., Kept. 1893, pp. 152, 153; also Kept.

1897, pp. 168-173. Ga. Agr. Exp. Sta., Bull. No. 42, 1898, p. 220. Marj^land

Agr. Exp. Sta., Bull. No. 42, 1896, pp. 157-160. Mass. Bull. Bussey Inst.

(Harvard Univ.), Vol. III., Pt. 1, 1901. Mass. Hatch Exp. Sta., Bull. No.

8, 1890, pp. 6-12. Mich. Agr. Exp. Sta., Bull. No. 103, 1894, pp. 46-53. N. J.

Agr. Exp. Sta., Eept. 1898, pp. 357-359; also Kept. 1899, pp. 417, 418. N. Y.

(Cornell Univ.) Agr. Exp. Sta., Bull. No. 25, 1890, pp. 178-180; also Bull.

No. 75, 1894, pp. 392-408. No. Car. Agr. Exp. Sta., Bull. No. 92, 1893, pp.

101, 102, 112; also Bull. No. 120, 1895, pp. 300, 301. Ohio Agr. Exp. Sta.,

Bull. No. 104, 1899, pp. 212-216; also Bull. No. 92, 1898, pp. 190-199. Pa.

Agr. Exp. Sta., Bull. No. 37, 1896, pp. 21-23. U. S. Dept. Agr., Div. Veg.

Path., Bull. No. 4, 1893. U. S. Dept. Agr., Div. Veg. Path., Bull. No. 1,

1891. U. S. Dept. Agr., Farmers' Bull. No. 17, 1894. U. S. Dept. Agr., Sec.

Veg. Path., Bull. No. 9, 1888. W. Va. Agr. Exp. Sta., Bull. No. 66, 1900,

pp. 214, 215.

Pear (Pirus communis, L.)

.

Frost Injuries.— Col. Agr. Exp. Sta., Bull. No. 41, 1898, pp. 15-18 (tree tnmk).
See Plum and Peach. Conn. (State) Agr. Exp. Sta., 19th Kept. 1895, p.

190 (on fruit) . Vt. Agr. Exp. Sta., Bull. No. 49, 1895, p. 100 (on fruit) . See

Apple.
Plum {Prunus, spp.)

.

Frost-cracks and Sun-scald.— Ca.\. Agr. Exp. Sta., Bull. No. 41, 1898, pp. 15-18.

Del. Agr. Exp. Sta., Bull. No. 57, 1902, pp. 13-15.

Gummosis.— Ohio Agr. Exp. Sta., Bull. No. 79, 1897, jip. 121, 122. Oregon Agr.,

Exp. Sta., Bull. No. 45, 1897, ])]). 68-72.

FeWotos.— Consult Peach literature. INIass. Hatch Exp. Sta., Kept. 1903, ]>.

Potato (Solanum tuberosum, L.).

Arsenical Poisoning. —Yt. Agr. Exp. Sta., Bull. No. 49, 1895, pp. 97, 98; also

Bull. No. 72, 1899, pp. 9, 10.
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Internal Brown /^o^.— Minn. Agr. Exp. Sta., Bull. No. .39, pp. 212, 213.

Minn. Agr. Exp. Sta., Bull. No. 45, 1895, p. 310. N. Y. (Geneva) Agr. Exp.

Sta., Bull. No. 101, pj). 78^; also Kept. 1896, pp. 504-509.

Pimply Potatoes.
—

'S. Y. (Geneva) Agr. Exp. Sta., Bull. No. 101, 1896, pp. 84,

85 ; also Rejjt, 1896, p. 511.

Stem-blight.— 'S. Y. (f^eneva) Agr. Exp. Sta., Bull. No. 101, 1896, pp. 83, »4;

also Bull. No. i;38, 1897, pp. 632-();^.

Suji-scald.— yt. Agr. Exp. Sta., Bull. No. 72, 189<), pp. 12, 13.

rip-burn.— U. S. Dept. Agr., Farmers' Bull. No. 91, p. 10. Vt. Agr. Exp. Sta.,

Bull. No. 49, 1895, pp. 98, 99; also Bull. No. 72, 1899, i)p. 10-12.

QuiNXE (Pirus Cydonia).

Frost-blister.s (Leaves) .— 'i^. Y. (Geneva) Agr. Exp. Sta., Bull. No. 220, 1«K)2,

pp. 224, 225.

Raspberry (Rubus, smt.)

.

Yellows.— ^. Y. (Geneva) Agr. Exp. Sta., Bull. No. 226, 1902, pp. 3()2-;i64.

Rice (Oryza sativa, L.).

Blast, — S. C. Agr. Exp. Sta., Bull. No. 41, 181)9, pp. 3-7.

Rose (Rosa, spp.).

Bronzinrf of Leaves.— Msiss. Hatch Exp. Sta., Rept. 18'.)9, pp. 156-159. N. J.

Agr. Exp. Sta., Rept. 1891, pp. ^503, 304.

Tobacco (Xicotiana Tabacuni, Jj.) .

Mosaic Disease, Calico " or Mottled Top. — Conn. (State) Agr. Exp. Sta., Rept.

1898, pp. 242-2()0; also Rept. 18<n), pp. 252-261. U. S. Dept. Agr., Beau.

Plant Indus., Bull. No. 18, 1902.

Spotting.— Conn. (State) Agr. Exp. Sta., Rept. 1898, pp. 254-260; also, Rept.

1899, i)p. 252-261.

Tomato (Lycopeisicum esculentum, Mill.).

Dropping o/Buds.-FlA. Agr. Exp. Sta., Bull. No. 21, 1893, pp. 37, 38; also

Bull. No. 47, 1898, pp. 148-151.

Hollow Stem.— Fill. Agr. Exp. Sta., Bull. No. 47, 1898, pp. 151-153.

(Edema.-FlA. Agr. Exp. Sta., Bull. No. 47, 1898, pp. 14(>-148. N. Y. (Cornell

Univ.) Agr. Exp. Sta., Bull. No. 5.3, 1893. Vt. Agr. Exp. Sta., 6th Rept.

1S92. p. 88.

MlSCELL.\.NEOUS.

Arsenical Injuries.— CaL Agr. Exp. Sta., Bull. No. 151, 1903.

Lichens, Mosses, e^c— Fla. Agr. Exp. Sta., Bull. No. 53, 1900, pp. 169-173.

Shade Trees.— Mechanical injuries, etc.: Conn. (State) Agr. Exp. Sta., Bull.

No. 131, r.KX); also 24th Rept. liKX), pp. 330-351. N. Y. (Cornell Univ.)

A.gr. Exp. Sta., Bull. No. 205, 1\K)2.

Leaf-scorch or wilt: Vt. Agr. Exp. Sta., 1.3th Rept. 1899-1900, pp. 281, 282.

Ma.ss. Hatch Exp. Sta., Rept. 1897, i)p. 81, 82. N. Y. (Geneva) Agr. Exp.
Sta., Bull. No. 162, 18!)9, pj). 177, 178.

Tlluniinating gas, steam, etc.: Mass. Hatch Exp. Sta., Rept. 189*). pp. 163-167.

Loss of foliage: Mass. Hatch F.x\^. Sta., Rept. 1899, pp. 153, 154.

. Current electricity, lightning: Mass. Hatch Exp. Sta., Bull. No. 91, V.m.

Sunstroke: Kentucky Agr. Exp. Sta., Bull. No. 47, 1893, pp. 6-.S.

Smoke and Atmospheric Gases.— Pa. State Coll. Publication (Prof. Buckhout),
1900 (effects on trees) . Utah Agr. Exp. Sta., Bull. No. 88, 1903 (effects on

crops)

.
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REPORT OF THE METEOROLOGIST.

J. E. OSTRANDER.

At the beginning of the year a change was made in the

times of observation, from 7 a.m., 2 p.m. and 9 p.m. to 8 a.m.

and 8 p.m. This was done in order to make them synchro-

nous with those of the United States AVeather Bureau, this

station being one of the voluntary stations of that service.

This change has made no appreciable difference in the daily

means compared Avith those of previous years, excepting

those of relative humidity, where the omission of the obser-

vation near midday seems to have resulted in a higher mean.

The efiect, however, can be more definitely determined after

the change has been in operation for a number of years.

As in previous years, much of the work of this division

has been that of observation and transcription of the records

in permanent form. The usual bulletins have been regularly

issued at the beginning of each month, containing the more

important daily records, together with the monthly means,

and remarks on any unusual features that occurred. An
annual summary will be made a part of the December bul-

letin .

The local forecasts have been regularly received from the

Boston office of the United States AVeather Bureau, and the

signals displayed from the flag-staff on the tower. This

station is furnishing the weekly reports for the "snow and

ice " bulletin, as has been done the last few years.

In addition to furnishing the section director of theWeather

Bureau with the voluntar}' observers' reports, as well as our

printed bulletin, at his request early in the year all the rec-

ords at this station were examined and the data tabulated to

be used in a climatological directory of the principal stations
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of the United States. A phenoloL^ical record was also kept

during the growing season, and two cojHes furnished the

section director as requested.

As a part of the college exhibit for the Louisiana Purchase

Exposition at St. Louis, this division prei)ared a number of

charts in water colors, showing many of the meteorological

features of the station. Photographs of most of our self-

recording instruments were also sent.

Two new clocks for the Draper instruments were pur-

chased during the year, to replace others that had become

unreliable.

Ml-. F. F. Henshaw retired as observer upon his graduation

in June, and was succeeded by the assistant observer, Mr.
G. W. Patch.
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EEPORT OF THE CHEMIST.

DmSIOX OF FOODS AXD FEEDING.

J. B. LTSDSEY.

Chemical Assistants : e. b. hollaxd, p. h. siiith and e. s. iultox.

Inspector of Feeds and Babcock Machines : albert rAR-S»>NS.

Dairy Tester: suiESER r. parker.

In Charge of Feeding Experiments : JOSEPH G. cuok.

Stenographer: mabel c. smith.

Part I.— The TTork of the Year.
1. Con-espondence.

2. General laboratory work.

3. Character of laboratory work.

(a) Water.

(i) Dairy products and cattle feeds.

(c) Chemical investigations.

4. Inspection of concentrates.

5. Execution of the daiiy law.

G. Test of pure-bred cows.

7. AVork completed and in progress.

8. Changes in staff.

Part II.

—

Experiments ix Aximal Xutritigx.

1. Digestion experiments with sheep.

2. The digestibility of galactan.

3. The feeding yalue of apple pomace.

4. Blomo feed for horses.
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Part I.— The Woktv of the Yeah.

J. H. LINDSEY.

1 . Correspondence .

The general character of the correspondence has been

much the same as in former years, and the amount has been

approximately 4,000 letters and postals, in addition to some

1,000 c irculars relative to adulterated mixed feeds.

2. General Laboratory Work.

The work in the laboratory has been of the same character

as formerly. The number of determinations of butter fat in

milk has greatly increased.

There have been sent in for examination 104 samples of

water, 773 of milk, 1,779 of cream, 2 of butter and 153 of

feed stuffs. In connection with experiments by this and

other divisions of the station, there have been analyzed, in

whole or in part, 234 samples of milk and cream and 530 of

fodders and feed stuffs. There have also been collected and

tested under the provision of the feed law 686 samples of

concentrated feed stuffs. This makes a total of 4,261 sub-

stances analyzed during the j'car, as against 3,897 last year

and 3,240 in the previous year. "Work on the availability

of organic nitrogen, not included in the above, has been

done for the Association of Official Agricultural Chemists.

In addition, 20 candidates have been examined and given

certificates to operate Babcock machines, and 2,026 pieces

of glassware have been tested for accuracy, of which 200

pieces, or 9.87 per cent., were condemned.

3. Character of Laboratory Work.

(a) Water.

In accordance with instructions from the experiment station

oonnnittee, this department continues to charge the sum of

$3 for a sanitary analysis of water. The number of samples
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examined has been 104, which is consideiably h'.ss than when

the work was done free of cost. It is believed that this charge

has held in check those who have heretofore abused the privi-

lege by sending in a large number of samples, in some cases

out of mere curiosity.

Instructions for securing an analysis of water :
—

Those wishing to secure a sanitary analysis of water must first

make application, whereupon a glass bottle securely encased,

accompanied by full instructions for collecting and shipping

the sample, will be forwarded by express. The return express

must in all cases be prepaid. Because of the smallness of the

sum involved, no account will be opened. Remittance by

check, P. 0. money order, or money at the owner's risk, must

be strictly in advance.

Address Dr. J. B. Lindsey,
Hatch Experiment Station, Amherst, Mass.

(b) Dairy Products and Cattle Feeds.

The station received about the usual number of samples

of milk and cream. Many samples are sent b}^ farmers to

ascertain the quality of milk produced by their herd or by

individual cows, and this should meet with every encourage-

ment. Printed circulars are sent in answer to inquiries,

giving concise information concerning the quality of milk

produced by dilferent breeds, as well as full instructions

relative to the best methods of determining the productive

capacity of the dairy herd. The station also tests a large

number of samples of milk and cream for creameries at a

charge sufficient to cover the cost.

About the usual number of feed stuffs were received dur-

ing the year. These come from practical feeders, who either

suspect adulteration, or desire to know the value of a feed

new^ to their locality. The results of the examination are

returned promptly, together with such information as is

suited to the particular case. A considerable number of

samples are also received from feed dealers, who wish to

make sure as to the intrinsic value of the materials they are

offerin<;. It is believed that this desire for information

should be encouraged as much as the limited resources of the

department permit.
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(c) Chemical Investigations.

In so far as time and opportunity permit, the department

aims to make a study of chemical methods that will facilitate

the accurate and rapid determinations of the different sub-

stances connected with animal or plant life. In this study

of methods the department co-operates yearly with the As-

sociation of Official Agricultural Chemists.

4. Inspection of Concentrates.

The passage of the feed law by the Legislature of 1903

makes it possible to give the attention to this line of work

which its importance demands. A regular inspector is now
employed, who travels through the State from six to eight

moiiths in the year, so that the station is kept Avell informed

regarding the variety and character of the feeds offered for

sale. The results of the several inspections were published

in Bulletins Nos. 93 and 98, issued in January and August.

These bulletins contained 52 and 36 pages respectivel3^

It may be said that the major portion of the feeds now
offered are properly branded and free from adulteration ;

still, some manufacturers and local dealers continue to be

careless about attaching the proper form of guarantee, and,

while the station has not prosecuted any cases as yet,

there will be no hesitation in doing so if occasion makes it

necessary.

A tendency is noted on the part of both manufacturers

and dealers to mix more or less oat offal or other filler with

stiindard by-i)roducts, thus reducing the cost of the article

sufficiently to enable them to slightly undersell their com-

petitors. The station is taking a firm stand against such

deceptions.

During the present autumn a considerable quantit}' of

wheat mixed feed, bran and middlings, was found consid-

erably adulterated with ground corn cobs and wheat screen-

ings. The prompt attention of the jobbers was called to

the matter, and they took ste})s immediately to attach the

proper guarantee. A special circular relative to this fraud

was sent to all the principal grain dealers in the State, as

well as to the agricultui-al press.
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It i.s not necessary to make a cheiniciil aiuilysis of as many
samples as formerly. More attention is being given to the

work of careful inspection and to the collecting of those

samples which are suspected of being below standard or

adulterated. The correspondence in connection with this

police work, as it may be termed, requires a great deal of

time and patience. It is believed that all farmers and dairy-

men can now keep themselves well posted upon the char-

acter and value of the large variety of feeds offered, if they

are disposed to do so. Interested parties are referred to the

various feed bulletins for details. Bulletin No. 101, com-

prising the results of the autumn inspection, is now in press,

and will be issued during the present month (December).

5. Execution of the Dairy Law.

The enforcement of this law has been given the same care-

ful attention as in previous years.

Inspection of Glassware.— All glassware found to be cor-

rectly graduated has been marked '*Mass Ex St." There

were 2,026 pieces examined, of which 200, or 9.87 per cent.,

were condemned. Inaccurate graduation of bottles has been

rather more noticeable of late than at any time since the

early days of the inspection. This is to be regretted, and it

is hoped the manufacturers will take immediate action to

prevent a possible recurrence. Bulb cream bottles (Bart-

lett) have been previously passed on accuracy of total gradu-

ation, as the usual charge of 5 cents apiece would not permit

of additional testing. The continued use of these bottles by

some of the prominent milk depots has rendered it necessary

to test the three distinct portions of the scale, at a corre-

sponding increase in cost.

Examination of Candidates. — A few more candidates

than usual were examined, and 20 certificates of competency

issued. A considerable number showed very poor manipu-

lation, and lacked a thorough understanding of the method.

In case of failure, applicants are obliged to wait a month

before a second examination will be given.

Inspection of Bahcoch Machines.— The inspection of ma-

chines the present year has been in charge of Mr. Albert

Parsons, who makes the following report :
—
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The annual inspection of Babcock machines was made in

November of 10U4. Fifty-six establishments were either visited

or heard from, 30 being creameries and 20 milk depots. Twenty-

one, or one-third the number, are co-operative, while the other

35 are proprietary, or managed by stock companies. Thirty-six

machines were inspected. The number is 4 less than last

year, due to the fact that 2 creameries and 1 milk depot have

been discontinued, and 1 milk depot does not use its tester.

Some machines overheated the tests, and a few required addi-

tional steam to warm them. One needed slight repairs of the

steam gauge, but the others were in satisfactory condition, and

in general showed an improvement over last year. Steam was

the motive power in every case except one, where electricity

was used. All but 5 of the machines have frames of cast iron,

which is taking tlie place of galvanized iron and copper. Of

the cast-iron machines, 19 are "Facile," 10 " Agos," and 2

" AVizard." The last named has only recently been placed

upon tlie market. As a rule, the glassware was found in good

condition, although in a few cases it was very dirty. In addi-

tion to the regular inspection, two city milk inspectors were

visited. Each had a "Wizard" cast-iron machine, one being

run by electricity and the other by a water motor. The elec-

trical machine did not have sufficient power for the necessary

spood. Tlie other was in good condition, and a certificate was

given.

6. Tests of Pure-bred Cows.

This work has increased to such an extent as to render

necessary the employment of a regular tester, Mr. Sumner

R. Parker of the class of 1904 of this college, who gives it

his whole time. The testing is conducted under the super-

vision of the American Guernsey and Jersey cattle clubs

and the Holstcin-Friosian Association. The work consists

largely in determining the yearly milk and butter fat yields

of pure-bred cows of the several breeds. The inspector

visits the farms monthly, weighs the milk for one or two

days, determines the butter fat by the Babcock method, and

reports his findings to the secretary of the respective clubs,

together with such other data, relative to feed, scattered

milkings, etc., as are required. These tests are known as

*\vearly milk and butter fiit tests," or "authenticated but-

tor fat estimate and milk record." There are at present
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51 Guernsey and Jersey cows under test, belonging to F.

Lothrop Ames of Xorth Easton, X. I. Bowditch of Framing-

ham, W. L. Cutting of Pittsfield, R. F. and A. H. Parker

of Westborougli, A. H. Sagendorph of Spencer, C. I. Hood

of Lowell, A. F. Pierce of Winchester, X. H., and R. A.

Sibley of Spencer.

In addition, seven-day butter tests are occasionally called

for by the Jersey Cattle Club, in Avhich case it becomes neces-

sary to weigh, sample and test not only the milk but the skim

milk, buttermilk and butter ; and the total fat in the three

latter, together with that in the test sami)les, should balance

the fat in the original milk, Avith the exception of small me-

chanical losses. The butter is analj^zed at the station labora-

tory. Seven-day tests are also made for the Holstein-

Friesian Association, which simply calls for the amount of

milk and butter fat produced by the animal during that

period.

7. Work co:mpleted and ix Progress.

In addition to Bulletins Nos. 93 and 98, devoted to the

inspection of feeding stuffs, this department has published

during the year Bulletin Xo. 94, on distillery and brewery

by-products, and Bulletin Xo. 99, on dried molasses beet

pulp, and nutrition of horses. An experiment has been

completed on the use of dried blood as a source of protein

for milk production, showing that digestible protein in this

material is equal in feeding value to a similar amount in

cotton-seed meal. An experiment has also been completed

with Pratts food as an aid to milk production. The results

make clear that the claims put forward by the manufacturers

relative to the wonderful influence of this food in increasing

the quantity and quality of milk are entirely without foun-

dation. Bibby's dairy cake has also been compared with

gluten feed for the production of milk, and, while the results

are not yet entirely tabulated, it is quite evident that the

Bibby cake possesses no particular merits over other feed

stuffs of a similar composition, and that the price asked is

out of proportion to its actual feeding value. A number of

experiments have been in progress with green forage crops,

but, as the results at present are only of a tentative charac-
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tor, they will not be published until it is possible to deduce

more definite conclusions.

Some 34 tons of corn and soy beans were grown together

the past season on a little less than 3 acres of land, and the

fodder ensiled. The silo has been recently opened, the

silage appears in good condition and is readily eaten. It

was not found possible to cut this mixture satisfactorily with

a corn harvester, and the writer is forced to the conclusion

that, until this can be accomplished, it Avill be doubtful

economy to attempt to grow it to any extent for silage pur-

poses. It is believed that the value of the extra protein

obtiiined is more than oH'set by the increased cost of harvest-

ing the crop.

Experiments are in progress relative to the value of

molasses and molasses feeds as food for dairy stock and

horses, and will occupy a considerable portion of the winter

months. Attention is called to the several completed ex-

periments published in Part II. of this report.

8. Changes in Staff.

Mr. W. E. Tottingham, employed in this department as

assistant chemist for a year, resigned September 1 to con-

tinue his studies in the chemical department of the college.

His work was very satisfactory. Mr. E. S. Fulton of the

class of 1904 of the colleije succeeded Mr. Tottinorham. Mr.

S. R. Parker, another graduate of the class of 1904, began

his duties August 1 as dairy tester. He is kept constantly

employed in this line of work.
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Pakt II.— Experiments in Animal T^^'utrition.

1. Digestion ExrEuiMENxs with Sheep.

J. B. LINDSEY.^

This station has given considerable time and study to the

digestibility of coarse and concentrated cattle feeds. The

first experiments were made in the autumn and winter of

1892-93, and the results published, together with a descrip-

tion of the method employed, in the eleventh report of the

Massachusetts State Experiment Station. The results of

further experiments were published in the twelfth report.

A summary of all experiments made between 1894 and 1902

will be found in the fifteenth report of the Hatch Experi-

ment Station, pp. 82-101. Experiments made during 1902

appeared in the sixteenth report of this station.

The experiments here described were made during the

autumn of 1903 and winter and spring of 1904. The full

data are here presented, with the exception of the daily pro-

duction of manure and the daily water consumption, in Avhich

cases, to economize space, only averages are presented.

The period extended over fourteen days, the first seven of

Avhich were preliminary, collection of fseces being made
during the last seven. Ten grams of salt were fed each

sheep daily, in addition to the regular ration. Water was

before the animals at all times.

Two lots of sheep, grade Southdown wethers, were em-

plo3^ed in the several trials, known as the old and the young

sheep. The former were five to six years of age, and had

been used by the station for a number of years ; the latter

were dropped in 1902, and were employed for the first time

during the autumn and winter of 1903-04.

1 With E. B. Holland, P. H. Smith, W. E. Tottingham and J. G. Cook.
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The digestion coeflScients for the digestion hay, used in

calculating the results of the several experiments with the

old sheep, were those obtained with Sheep H. and HI.,

Sheep I. having been disposed of before the digestibility of

the hay was determined.

The individual coefficients were used for the young sheep,

being obtained from the average of the two trials in the

case of Sheep I. and H., and that of the single trial for

Sheep TH.
lldij Coefficients used (Per Cent.).

Old Sheep.
YojJNG Sheep.

I. II. III.

Dry matter, . 58.50 49.89 54.34 51.53

22.00 13.86 22.60 16.55

Protein 42.50 37.37 37.72 36.66

Fiber (U.OO 49.98 55.85 53.13

Extra<*t niatt<?r, 64.00 56.29 59.77 57.02

46.50 38.54 44.19 36.97

In calculating the digestion coefficients when English hay

was used, excepting in periods IV., V. and XH., the aver-

age analysis of the two samples of hay was employed.

Composition of Feed Sl?iffit< (Per Cent.).

[Dry matter.]

Feeds. Ash. Protein. Fiber.
Extract
Matter.

Fat.

20.03 22.12 42.55 3.48

Waste soy bean fodder, Sheep 11., 8.64 4.85 55.47 30.33 .71

Eureka silage corn fodder, .... 6.19 9.34 27.41 55.52 1..M

Apple pomaw, 3.05 5.13 16.10 69.32 6.40

Cotton-seed meal fed with pomaeo, 6.95 52.16 5.88 26.91 9.10

English hay fed to new sheep, 6.5;i 6.23 33.00 52.27 1.97

Waste Enffllsh hay,> Sheep III., fine hay 29.19 6.76 21.67 40.25 2.13
nn<i seeds.

English hay fed to old sheep, 6.35 6.24 31.95 53.15 2.31

23.52 9.28 48.06 10.00

Bibby's dairy c.Mke (1903) 8.38 21.39 9.19 50.42 10.62

Alma dried molasses- beet-pulp, . 5.64 9.87 17.17 66.74 .58

» Contained 21.39 per cent, of salt.
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Composition of Feed Stuffs (Per Cent.) — Concluded.

[Dry matter.]

Feeds. Ash. Protein. Fiber.
Extract
Matter.

Fat.

Armour's blood meal, 3.37 95.24 .88 - .51

Corn meal fed with blood moa!, . 1.41 9.87 2.09 82.25 4.38

Soy bean meal, coarse ground, . 5.73 40.69 4.71 27.77 21 . 10

llomlny feed, 3.15 11.66 5.46 70.11 9.62

Hominy meal (1903), 3.38 12.23 4.97 69.43 9.99

Eureka silage corn fodder (dry), 7.85 9.82 32.70 47.90 1.73

Waste corn stover. Sheep II 9.85 9.16 34.13 45.07 1.79

English hay.i 6.4G 6.74 32.28 52.16 2.36

Waste English hay, Sheep I 6.94 6.17 32.72 52.05 2.12

Waste English hay ,2 Sheep II., . 14.91) 6.95 27.41 48.22 2.43

1 Used in Period XII. 2 Contained 7.38 per cent, of salt.

Composition of Fceces (Per Cent.).

[Dry matter.]

Old Sheep I.

Period. Feeds.

Ash.

Protein.

Fiber.

Extract

Matter.

Fat.

I., . Soy bean fodder 18.55 8.62 33.83 35.99 3.01

II., . Eureka silage corn fodder, . 9.87 8.77 33.67 46.28 1.41

III., . Apple pomace, 9.93 18.53 24.38 40.21 6.95

XXVI. (1903), Bibby's dairy cake. 12.88 14.93 27.19 41.62 3.38

XXVIII. (1903), Hominy meal, 11.31 13.41 28.49 43.33 3.46

Old Sheep II.

I., . Soy bean fodder 19.95 9.44 33.48 34.05 3.08

II., . Eureka silage corn fodder, . 11.47 9.85 31.70 45.30 1.68

III., . Apple pomace, 9.93 17.97 23.24 41.07 7.79

v., . English hay, 11.78 8.42 30.93 46.03 2.84

VII., . . Alma dried molasses-beet-pulj), . 12.37 10.80 29.21 44.15 3.47

IX., So.v bean meal 12. S7 9.82 29.50 44.64 3.17

XI., . Eureka silage corn fodder (.dry),

.

12.73 11.58 26.04 47.87 1.78

XXVI. (1903), Bibby's dairy cake, 13.89 14.86 26.54 41.23 3.48

XXVIII. (1903), Hominy meal, 12.91 14.22 25.99 43.21 3.67



48 HATCH EXPERIMENT STATION. [Jan.

Composition of Fences (Per Cent.) — Concluded.

[Dry matter.]

Old Sheep III.

u
V

reriod. Feeds.
•otein.

9^ <

tract

Mat

<
e:

I., . Soy bean fodder 19.96 9.34 32.18 35.34 3.18

II., . Eureka silage corn fodder, . 10.92 9.14 32.41 45.89 1.64

111., . Apple pomace 11.44 20.82 19.82 40.40 7.52

v., . . English hay 12.15 9.01 29.49 46.18 3.17

VII., . Alma dried molasses-beet-pulp, . 12.51 11.21 27.82 46.04 3.42

IX., . Soy bean meal, 12.02 10.67 26.56 46.96 3.79

XI., . Eureka silage corn fodder (dry),

.

12.79 11.84 25.27 48.29 1.81

XXVI. (I'.MKi), Bibby's dairy c^ke,.... 13.93 15.59 24.63 41.87 3.98

XXVIII. (1SK)3), Hominy meal, 13.06 14.88 24.06 43.41 4.59

• Young Sheep I.

IV English hay 11.16 7.86 32.51 46.75 2.72

VI.,. Bi!)by's dairy cake 12.62 11.19 30.20 43.41 2.58

VIII Armour's blood meal, 10.64 13.03 31.49 42.29 2.55

X.,. Marshall's hominy feed, 10.98 10.81 29.89 46.47 2.85

XII English hay 11.12 8.38 32.64 45.34 2.52

Young Sheep II.

IV Enirlish hay, 10.70 8.40 31.51 46.74 2.65

VI Bibby's dairy cake,.... 12.03 12.50 30.29 42.61 2.67

VIII.,. Armour's blood meal. 10.47 15.57 29.30 42.23 2.43

X.,

.

Marshall's hominy feed. 10.72 11.30 30.08 45.36 2.54

XII., . English hay 11.21 9.26 31.72 45.24 2.57

Young Sheep III.

IV., . English hay, 10. 9> 7.97 32.20 46.40 2.51

VI Bibby's dairy cake,.... 12. ".(O 11.08 31.30 42.36 2.36

X., . Marshall's hominy feed, 10.62 9.97 30.60 46.14 2.67
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Dry Matter Determinations made at Time of Weighing out the Different

Foods, a?id Dry Matter in Manure excreted, determinedfrom Air-

dry Fmces (Per Ccjit.).

Old Sheep I.

Periods.

"3)

a
Soy

Bean

Fodder.

Eureka

Sihiffc

1

Corn

Fodder.

|

i
eS

B
O
Ph

.2

<

Cotton-seed

Meal.

a!

2—3
£^ P

< Soy

Bean

Meal.

1
ill

w o

'£

"S

H

~ ©

= o Hominy

Meal.

Waste.
Manure.

II., . 17.42 89.82

III.. . . 87.05 19.83 89.34 92.28

XXVI. (1903). 88.82 89.80 92.43

XXVI II. (1903), 88.25 88.48 92.IJ8

Old Sheep II.

I., . . 87.27 23.94 96.37 90.82

III., . . 87.05 19.83 89.34 92.00

v., . 88.10 92.50

VII., . 87.82 92.62 93.55

IX., . . 88.37 86.% 94.42

XI., . 40.08 51.19 93.84

XXVI. (1903), 88.82 89.80 92.66

XXVIII. (1903), 88.26 88.48 92.54

Old Sheep III.

II., 17.42 S9.81

III., 87.05 19.83 89.34 91.88

VII., 87.82 92.62 93.60

IX., 8».37 86.96 94.61

XI., 40. OS 93^84

XXVI. (1903), 88.82 88.80 92.84

XXVIII. (1903), 88.25 88.48 92.91

I
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Dru M(Utcr Determinations, etc. — Concluded.

Young Sheep I.

Periods.
iniy.

Bibbv'8
Dairy
Cake.

Armour's
Blood
Meal.

Corn
iuUnl.

Marshall's
Hominy
Feed.

Waste. Manure.

IV., . ST. 'JO 86.65 93.36

VI., . 88.05 89.45 93.78

VIII., . 87.85 88.70 8«.13 93.45

X., . 89.30 88.53 94.06

XII., . 89.77 87.00 93.22

Young Sheep II.

IV., . 87. DO 93.27

VI., . 88.05 89.45 93.55

88.70 86.13 93.33

X., . 89.30 88.63 93.78

XII., . . 89.77 87.80 92.84

Young Sheep III.

IV., 87. SK) 88.50 93.25

VI., 88.05 89.45 94.16

X., 89.30 88.53 87.80 94.08
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1
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Period I.

Old Sheep I.

Dry

Matter.

•3

a
*3

o
u
Ph

Fiber.

Nitrogen-free

Extract.

es

400 grains English liay,

2,000 gi-ani8 soy bean fodder

Amount consumed

350.87 grams manure excrettrl, ....
Grams digested

Minus hay digested,

Soy bean fodder digested

Per cent, digested

349.08

478.80

22.48

56.59

21.78

95.90

113.38

105.91

183.97

203.73

7.47

16.66

827.88

319.36

79.07

59.24

117.68

27.53

219.29

108.04

387.70

114.94

24.13

9.61

508.52

204.21

19.83

4.95

90.15

9.26

111.25

69.16

272.76

117.74

14.52

3.47

304.31

63.56

14.88

26.29

80.89

84.35

42.09

39.74

1.55.02

76.09

11.05

66.33

Old Sheep II.

2,000 grams soy bean fodder fed, ....
Minus 36 grams waste,

Soy bean fodder consump<1

400 grams Enghsh hay,

Amount consumed,

342.59 grams manure excreted, ....
Grams digested,

Minus hay digested,

Soy bean digested

Per c^nt. digested,

478.80

34.69

56.59

3.00

95.90

1.69

105.91

19.24

203.73

10.52

16.66

.25

444.11

349.08

53.59

22.48

94.22

21.78

86.67

113.38

193.21

183.97

16.41

7.47

773.19

311.14

76.07

62.07

116.00

29.37

200.05

104.17

377.18

105.94

23.88

9.58

482.05

204.21

14.00

4.95

86.63

9.26

95.88

69.16

271.24

117.74

14.30

3.47

277.84

62.51

9.05

16.89

77.37

82.12

26.72

30.83

1.53.50

79.45

10.83

66.00

Old Sheep III.

Amount consumed same as for Sheep I.,

346.71 grams manure excreted, ....
Grams digested

Minus hay digested,

Soy bean fodder digested

Per cent, digested

Average per cent, three siieep digested, ,

S27.88

314.71

79.07

62.82

117.68

29.39

219.29

101.27

387.70

111.22

24.13

10.01

513.17

204.21

16.25

4.95

88.29

9.26

118.02

69.16

276.48

117.74

14.12

3.47

308.96

64.53

11.30

19.97

79.03

S2.41

48.86

4<;.13

158.74

77.92

10.65

63.93

63.53 21.05 82.96 38.90
1

77.82 65.42
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Period IT.

Old Sheep I.

u
QJ

>
es

Q
m
<

s
"S

2

u
Nitrogen-free

Extract,

4^
03

3,400 grains Eureka silage com

235.29 grams maniire excreted, ....
Grams digested,

Percent, digested,

592.28

211.34

36.06

20.86

55.32

18.5.3

162.34

71.16

328. 8:^

97.81

9.12

2.98

.•{80.94

64.32

15.80

43.10

36.79

66.50

91.18

56.17

231.02

70.26

6.14

67.32

Old Sheep II.

3,400 grams Eureka silage corn, ....

Grams digested,

592.28 36.W)

21.35

55..32

18.34

162.34

.59.01

328. a3

84.38

9.12

3.13

106.12 15.31

41.76

:«!.i>8

66.85

103. 3:i

63.&5

244..50

74.35

5.99

65.68

Old Sheep HI.

3,400 grams Eureka silage corn

217.69 grams manure excreted, ....
Grams digested,

Per cent, digested,

Average per cent, three sheep digested, .

592.28

195.51

36.66

21.35

65.32

17.87

162.34

63..36

328.83

89.72

9.12

3.21

396.77

66.99

15.31

41.76

37.45

67.70

98.98

60.97

239.11

72.72

5.91

64.80

66.63 42.21 67.02 60.26 72.44 65.93
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Period in.

Old Sheep I.

tj

't
*-< ^

u Px
>>
u o

u
Q <

250 grams Ensrlish liav, 217.63 14.02 13.58 70.69 114.69 4.66

150 grams cotton-seed meal, 134.01 9.31 69.90 7.SS 34.72 12.19

2,000 grams apple pomace 396.60 12.10 20.35 63.85 274.92 25.38

Amount consumed 748.24 35.43 103.83 142.42 424.33 42. "23

272. S9 grams manure excreted 251.82 25.01 46.66 61.39 101.26 17.50

Grams digested 496.42 10.42 57.17 81.03 323.07 24.73

Minus haj- digested 127.31 3.08 5.77 43.12 73.40 2.17

:369.11 7.34 51.40 37.91 249.67 22.56

Minus cotton seed meal digested, .... 101.85 2. -23 61.51 2.52 22.22 11.34

Apple pomace digested 267.26 5.11 35.39 •227.45 11. -22

Per cent, digested 67.39 42.23 55.43 82.73 44.21

Old Sheep II.

Amount consumed as above

246.76 grams manure excreted

Grams digested

Minus hay and cotton -seed meal digested,

Apple pomace digested

Per cent, digested,

748.24

227.02

35.43

22.54

103.83

40.80

142.42

52.76

424.33

93.24

42.33

17.68

.521.22

229.16

12.89

5.31

63.03

67.28

89.66

45.64

331.09

95.62

•24.55

13..51

292.06

73.64

7.58

62.64

44.02

68.94

•235.47

85.65

11.04

43.50

Old Sheep III.

Amount consumed as above,

259.46 grams manure excreted, ....

Minus hay and cotton-seed meal digested, .

Apple pomace digested,

Per cent, digested

Average per cent, three sheep digested, .

748.24

238.39

35.43

•27. -27

103.83

49.63

142.42

47. -25

424.33

96.31

42.23

17.93

229.16

8.16

5.31

54.^20

67.28

95.17

45.64

3^28.02

95.62

•24.30

13.51

•280.69

70.77

2.85

•23.55

49.53

77 • 57

•232.40

84.53

10.79

42.51

70.60 42.81 -

1 1

67.31 84.30^ 43.41



HATCH EXPERIMENT STATION. [Jan.

Period IV.

Young Sheep I.

u

§

>.
u

d

2
Ph

u

a

Si 2

l«
'A

Fat.

85() j^rams English hay, 747.15 48.79 46.55 246.56 390.54 14.72

Minus 35.86 grams waste, . 31.07 2.03 1.94 10.25 16.24 .61

Amount consumed, 716.08 46.76 44.61 •2,36.31 374.30 14.11

397.61 grams manure excreted, 371.21 41.43 29.18 1-20.68 169.83 10.10

Grams digested, . ;U4.S7 5.33 15.43 115.63 204.47 4.01

Per cent, digested, 48.16 11.40 34.59 48.93 54.63 28.42

Young Sheep IT.

STM grams English hay, 747.15 48.79 46.55 •24<;.56 390..54 14.72

374.71 grams manure excrett^d, 349.49 37.40 29.36 110.12 163.35 9.26

Grams digested, . .597.66 11.39 17.19 136.44 •227.19 5.46

Per cent, digested, 53.22 •23.34 36.93 55.34 58.17 37.00

Young Sheep III.

SSO grams Englisli hay. 747.15 48.79 46.55 246.56 390.54 14.72

Minus 66.29 grams waste, . 39.16 3.89 3.37 10.80 20.05 1.06

Amount consumed, 707. 9J 44.90 43.18 *2:J5.76 370.49 13.66

3().^.01 grams manure cxcrotod, 343.17 37.47 27.3.' 110..50 159.23 8.61

Grams digested, . 364.82 7.43 15. 8;^ 125.26 211.26 5.05

Per cent, digested, 51.r)3 16.5.- 36. 6( .53.13 .57.02 36.97

Average per cent, three shcci digested, . 50.97 17.10 36.06 52.47 56.61 34.16
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Period V.

Old Sheep ir.

Dry

Matter.

Ash.

Protein.

Fiber.

4)

a

900 grams English hay,

3G9. 38 grams manure excreted, ....
Grams digested,

Per cent, digested

792.90 .50.35

40.25

49.48

28.77

253..33

105.68

421.43

1.57.28

18..32

9.70

t.)1.22

56.91

10.10

20.06

20.71

41.86

147.65

58.28

264.15

62.68

8.62

47.05

Old Sheep III.

900 grams English hay,

If) grams manure excreted, ....
Grams digested,

Per cent, digested,

Average per cent, two sheep digested, .

7i)2.90

;U3.92

.50.35

38.14

49.48

28.28

2.53.33

92..58

421.43

144.97

18.32

9.95

478.98

60.41

12.21

24.25

21.20

42.85

l(X).75

63.45

276.46

65.60

8.37

45.69

58.66 22.18 42.36 80.87 64.14 46.37
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Period Vf.

Yoiinf/ Sheep I.

u
B

i.free

t.

a s

3 u
?

2
iQ < Ph

COO grams Englisli hay, .-)28.30 34.02 32.97 171.59 278.41 11.31

200 grams Bibby's dairy cake, . 178.90 16. 42.08 16.60 a5.i)8 17.89

Amount <'ou8ume«l, 707.20 50.37 75.05 188.19 .364.39 29.20

324.71 grams manure excreted, 304.51 38.43 34.07 91.% 1.32.19 7.86

Grams digested, . 402.09 11.M 40.98 9(5.23 2.32.20 21.34

Minus hay digested, . 263.57 4.72 12.32 85.76 1.56.72 4.36

Bibby's dairy cake digested, 139.12 7.22 28.06 10.47 75.48 16.98

Per cent, digested. 77.76 44.16 68.11 63.07 87.79 94.91

Young Sheep II.

Amount consumed as above, . 707.20 50.37 75.05 188.19 364..39 29.20

3-'5.20 grams manure excreted. 304.22 36.60 38.03 92.15 129.63 7.82

Grams digested, . 402.98 13.77 37.02 96.04 2.34.76 21.38

Minus liay digested, . 287.08 7.69 12.44 95.83 166.41 5.00

Bil)l)y'8 dairy cake digested, 115. JK) 6.08 24..58 .21 68.35 16.38

Per cent, digested, 64.78 37.19 58.41 1.27 79..50 91.56

Young Sheep III.

Amount consumed as al)ove, . 707.20 50.37 75.05 188.19 ;«54.39 29.20

329.87 grams manure excreted, 310.61 40.07 .34.42 97.22 131..57 7.33

Grams digested, . i96.59 10.30 40.(3 SK).97 232.82 21.87

Minus hay digested, . 272.23 5.63 12.09 91.17 1.58.75 4.18

Bil)by's dairy cake digested, 24.36 4.67 28..54 .80 74.07 17.69

Per cent, digested, 69.51 28.56 67.82 86.15 98.88

Average per cent. tl>ree sheep digested, . 70.68 36.64 64.78
1

32.17 84.48 95.12



iyo5.j PUBLIC DOCUMENT— No. 33. 59

Period VII.

Old Sheep II.

i
i-free

:t.

es d as
s u

u ID 2
< Pi

600 grams English hay 526.92 33.93 32.88 171.14 277.69 11.28

300 grams beet pulp, 277.86 15.67 27.42 47.71 185.44 1.61

Amount consumed, 804.78 49.60 60.30 218.85 463.13 12.89

271.34 grams manure excreted, .... 2.53.84 31.40 27.41 74.15 112.07 8.81

Grams digested 550.94 18.20 32.89 144.70 351.06 4.08

Minus hay digested, 308.25 7.46 13.97 104.40 177.72 5.25

Beet pulp digested, 241.69 10.74 18.92 40.30 173.34

Per cent, digested, 86.98 68.54 69.00 84.47 93.47

Old Sheep III.

Amount consumed as above, 804.78 49.60 60.30 218.85 463.13 12.89

286.94 grams manure excreted, .... 268.58 33.60 30.11 74.72 120.97 9.19

Grams digested, 536.20 16.00 30.19 144.13 342.16 3.70

Minus hay digested, 308.25 7.46 13.97 104.40 177.72 5.25

Beet pulp digested 227.95 8.54 16.22 39.73 164.44

Per cent, digested, 82.04 54..50 .59.15 83.27 88.68

Average per cent, two sheep digested, . 84.51 61.52 64.08 83.87 91.08



(U) HATCH EXPERIMENT STATION. [Jan.

Period VIII.

Yo\mg Sheep I.

Dry

Matter.

Ash.

Proteiu.

Nitrogen-free'

Extract.

|

600 grams English hay 527.10 33.95 32.89 171.20 277.78 11.28

100 grams corn meal, 86.13 1.21 8.50 1.80 70.84 3.77

100 grams Armour's blood meal, .... 88.70 2.99 84.48 .78 .45

Amount consumed 701. 'J3 38.15 125.87 173.78 348.62 15.50

278*77 grams manure excreted,..... 260. 51 27.72 33.94 82.03 110.17 6.64

(inims digested 441.42 10.43 91.93 91.75 238.46 8.86

Minus hay digested, 262.97 4.71 12.29 85.57 156.36 4.35

178.45 5.72 79.64 6.18 82.09 4.51

Minus corn meal digested, 76.66 5.95 66.59 3.43

Blood meal digested 101.79 73.69 15.50 1.08

l*er cent, digested, 100.

+

88.41

Young Sheep II.

Amount consumed as aljove, .

277.21 grams manure excreted,

Grams digested

Minus hay and corn meal digested,

Blood meal digested, .

Per cent, digested.

Average per cent, two sheep digested,

701.93 38.15 125.87 173.78 348.62 15.50

258.72 27.09 40.28 75.80 109.26 6.29

443.21 11.06 85.59 97.98 239.36 9.21

363.09 7.67 18.36 95.62 166.03 4.98

80.12 3.39 67.23 2.36 73.33 4.23

90.33 79.58

84.00
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Period IX.

Old Sheep II.

ij
<u

I
tter

u
<iH •

a
"S

u 2
Q <

TOO gi'ams English lia y, 618.50 39.84 38.59 200.92 326.00 13.24

•JOO grams soy l>eau meal, . 173.92 9.97 70.77 8.19 48.30 36.70

Amount consumed, 792.51 49.81 109.36 209.11 374.30 49.94

274.77 grams manure ex(;reted, 259.44 ;«.39 2.5.4. 76..53 115.81 8.22

Grams digested, . .5;«.07 16.42 83.88 132.58 258.49 41.72

Minus hay digested, . 361.88 8.76 16.40 122.56 208.64 6.16

Soy bean meal digested, 171.19 7.66 67.48 10.02 49.85 35.56

Ter cent, digested. 98.43 76.83 95.35 122.20 103.20 96.89

Old Sheep III.

Amount consumed as above, . 792.51 49.81 109.36 209.11 374.30 49.94

306.24 grams manure excreted, 289.73 34.83 30.91 76.95 136.06 10.98

Grams digested, . 502.78 14.98 78.45 132.16 238.24 38.96

Minus hay digested, . 361.88 8.76 16.40 122.56 208.64 6.16

Soy bean meal digested. 140.90 6.22 62.05 9.60 29.60 32.80

Per cent, digested. 81.01 62.39 87.68 104.90 61.28 89.37

Average per cent, two sheep digested, . 89.72 m.u 91.51 113.55 82.24 93.13



(;2 HATCH EXPERIMENT STATION. [Jim.

Period X.

Youiifj Sheep I.

a

u
G

Ash.

s

1

t
^

as
Is

5r>0 grams English hay, 491.15 31.63 30.65 159.53 258.84 10.51

*2oO grains hominy fee«l, 2*21.33 6.97 25.81 12.08 155.17 21. '29

Amount consunietl, 712.48 38.60 56.46 171.61414.01 31. .SO

'i1>4.yi grams manure excreted, 277.3y 30.46 21).99 82.91 126.13 7.91

Grams digested, . 435.09 8.14 26.47 88.70 2vS7.SX •23.89

244.93 4.38 11.45 79.73 145.70 4.05

Hominy feed digested, 190.16 3.76 15.02 8.97 142.18 19.84

I'er cent, digested, 85.87 53.95 58.19 74.25 91.63 93.1'J

Young Sheep II.

Amount consumed as aljovc, 712.4*i 38.60 56.46 171.61 414.01 31.80

•201.64 grams manure excreted, 273.50 29.32 30.91 82.27 124.06 6.95

Grams digested, . 438.98 9.28 25.55 89.34 289.95 •24.85

3Iinus hay digested, . 266.89 7.15 11..56 89.10 1.54.71 4.W

Hominy feed digested. 172.09 2.13 13.99 .24 135.24 •20.21

Per cent, digested. 77.75 30.56 54.20 1.99 87.16 94. 8S

Yo7tng Sheep III.

560 grams Englisli hay. 491.15

Minus grams waste hay, . 7.78

TotJil liay consumed, . 483.37 31.13 30.16 157.00 •254.74 10.3^1

250 grams liominx' feed. 221.33 6.97 25.81 12.081 1.")5. 17 21.^29

Amount consumed, 704.70 38.10 55.97 169.081409.91 31.63

308.66 grams manure excreted. 290.39 30.84 28.95 88.86 133.99 7.75

Grams digested, . 414.31 7.26 27.02 80.22 •275.92 23.88

]Minus hay digested, . 249.08 5.15 11.06 83.41 145.25 3.82

Hom i ny feed digestei 1

,

165.23 2.11 15.96 130.67 20.06

Per cent, digested, 74. 30.27 f.l.S4 84.21 94.22

Average jwr cent, tliree sheep digested, . 79.42 36.26 58.08 38.12 87.67 94.10
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Period XI.

Old Sheep II.

Dry

Matter.

<

Protein. S

0;
3)
U

c y
o s:

tch

1,200 grams Eureka silage corn fodder (dry), 480.96 37.76 47.23 157.27 230.38 8.32

Minus 96.86 grams waste, 49.58 4.88 4.54 16.92 22.35 .89

Amount consumed, 431.38 32.88 42.69 140.35 208.03 7.43

166.06 grams manure excreted, .... 155.83 19.84 18.05 40.58 74.60 2.77

Grams digested 275.55 13.04 24.64 99.77 133.43 4.66

Per cent, digested 63.88 39.66 57.72 71.09 64.14 62.72

Old Sheep III.

1,200 grams Eureka silage corn fodder (dry). 480.96 37.76 47.23 157.27 230.38 8.32

185.54 grams manure excreted 174.11 22.27 20.61 44.00 84.08 3.15

Grams digested 306.85 15.49 26.62 113.27 146.30 5.17

Per cent, digested, 63.80 41.02 56..36 72.02 63.50 62.14

Average per cent, two sheep digested, . 63.84 40.34 57.04 71.56 63.82 62.43



G4 HATCH EXPERIMENT STATION. [Jan.

Period XII.

Young Sheep I.

u jn-free

let.

*

rotelE 2^

Q Ph 'A

800 grams English hay. 718.16 46.39 48.40 231.82 374.59 16.95

Minus 48.57 grams waste,

.

42.26 2.93 2.61 13. as 22.00 .90

Amount consumed, 676.90 43.46 45.79 217.99 352.59 16.05

350.83 grams manure excreted, 327.04 36.37 27.41 106.75 148.28 8.24

Grams digested,. . 348.86 7.09 18.38 111.24 204.31 7.81

Per cent, digested, 51.61 16.31 40.14 51.03 57.95 48.66

Young Sheep II.

800 grams English hay, 718.16 46.39 48.40 231.82 374.59 16.a5

Minus 32.57 grams wasto, . 26.27 2.18 1.99 7.84 13.79 .69

Amount consumed, 691.89 44.21 46.41 223.98 360.80 16.26

331.97 grams manure excreted, 308.20 34.55 28.54 97.76 139.43 7.J>2

Grams digested, . 383.69 9.66 17.84 126.22 221.37 8.34

Per cent, digested. 55.46 21.85 38.50 56.35 61.36 51.29

Average per cent, two sheep digested, . 53.54 ,9.08 39.32 53.69 59.66 49.98
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Period XXVI. (1003).

Old Sheep I.

Dry

Matter.

Ash.

a

2 Fiber.

Nitrogen-free'

Extract.

1

650 grams hay 577.33 44.05 69.45 182.44 264.94 16.45

250 grams Bibby's dairy cake 2-24.50 18.81 48.02 20.63 113.19 23.84

Total consumed, 801.83 62.86 117.47 203.07 378.13 40.29

318.61 grams manure excreted, .... 294.49 37.93 43.97 80.07 122.57 9.95

Amount digested. 507.34 24.93 73.50 123.00 255.56 30.34

Minus hay digested 369.49 19.82 43.75 122.23 174.86 8.88

Bibby's dairy cake digested 137-85 5.11 29.75 • 77 80.70 21-46

Per cent, digested, 61.40 27.16 61.95 71.29 90.02

Old Sheep II.

Total consumed as above 801.83 62.86 117.47 203.07 378.13 40.29

271-31 grams manure excreted 251.40 34.92 37.36 66.72 103.65 8.75

Amount digested, 550.43 27.94 80.11 136.35 274.48 31.54

Minus hay digested, . . . . 369.49 19.82 4:3.75 122.23 174.86 8.88

Bibby's dairy cake digested 180.94 8.12 36-36 14.12 99.62 22-66

Per cent, digested 80.59 43.17 75.72 68.44 88.01 95-05

Old Sheep III.

Total consumed as above,

306.77 grams manure excreted, . . . .

Amount digested

Minus liay digested

Bibby's dairy cake digested

Per cent, digested

Average per cent, three sheep digested, .

801.83

284.81

62.86

39.67

117.47

44.40

203.07

70.15

378.13

119.25

40.29

11.34

517.02

369.49

23.19

19.82

73.07

43.75

132.92

122.23

258.88

174.86

28.95

8.88

147.53

65.71

3.37

17.92

29.32

61.06

10.69

51.82

84.02

74.23

20.07

84.19

69.23 29.42 66.24 60.13 77.84 89.75



ILVTCII EXPERIMENT STATION. [Jan.

Period XXVIII. (1903).

Old Sheep I.

Dry

Matter,

j

<

a

2,
a
u

u
%

2
.

H £
as

600 grams hay

300 grams hominy meal

Total consumed

287.33 grams manure excreted, ....
Amount digested,

Minus hay digested

Hominy meal digested

Per cent, digested,

529.50

265.44

40.40

8.97

63.70

32.46

167.32

13.19

242.99

184.29

15.09

26..52

71)4.94

267.16

49.37

30.22

96.16

35.83

180.51

76.11

427.28

115.76

41.61

9.24

.-)27.78

:«8.88

19.15

18.18

60.33

40.13

104.40

112.10

311..52

160..37

.32.37

8.15

188.90

71.16

.97

10.81

20.20

62.23

151.15

82.02

24.22

91..33

Old Sheep II.

Total consumed as above,

262.46 grams manure excreted

Amount digested

Minus liay digested,

Hominy meal digested

Per cent, digested,

794.94

242.88

49.37

31.36

96.16

34..̂ ^4

180.51

63.12

427.28

104.95

41.61

8.91

552.06

338.88

18.01

18.18

61.62

40.13

117.39

112.10

322.23

160.37

32.70

8.15

213.18

80.31

21.49

66.20

5.29

40.11

161.96

87.88

24.55

92.57

Old Sheep IIL

Total consumed as above,

231.44 grams manure excreted, ....
Amount digested,

Minus hay digested

Hominy mcjil digested,

Per cent, digested,

Average per cent, three sheep digested, .

794.94

215.03

49.37

28.08

96.16

32.00

180.51

51.74

427.28

93.34

41.61

9.87

579.91

a38.88

21.29

18.18

64.16

40.13

128.77

112.10 160.37

31.74

8.15

'241.03

90.80

3.11

34.67

24.03

74.03

16.67

126. :W

173..57

94.18

23..59

8S.<)5

80.76 22.7* 67.49 88.03 90.95
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Sinnrnanj of Coefficients (Per Cc7iL).

Ration. Sheep
Number,

Dry

Matter,

OD

<5

Protein.

Fiber.

o

II

at

•Soy beau fodder, .

^
1

Old Sheep T.

Old Sheep II.

Old Sheep III.

G3..56

Crl.nl

(A.a:i

26.29
10. hi*

hiMl

84.35
82.12
82.41

39.74
:i0.83

40.13

76.09
79.45

66.33
66.00
0.3.93

Average, . 63.53 21.05 82.96 38.90 77.82 65.42

Eureka silage corn fodder )

(green).
j

Old Sheep I.

Old Sheep 11.

Old Sheep III.

()4.32

m.m

43.10
41.76
41.76

66.50
66.85
67.70

56.17
63.05
00.97

70.26
74.35
72.72

67.32
05.68
64.80

Average, . 66.63 42.21 67.02 60.26 72.44 65.93

Eureka silage corn
(dry).

fodder
|

Old Sheep II.

Old Sheep III.

G3.8S
CS.SO

39.66
41.02

.57 . 72
50.30

71.09
72.02

64.14
(3..50

02.72
02.14

Average, . 63.84 40.34 57.04 71.56 63.82 62.43

Apple pomace.
^

1

Old Sheep I.

Old Sheep II.

Old Sheep III.

07,3y
73.(54

70,77

42.23
62.04
23.55

- .55.43

08.94
77.57

82.73
85.05
84.53

44.21
43..50
42.51

Average, . 70.60 42.81 67.31 84.30 43.41

English hay, .

1

Youug Sheep I.,

Young Sheep II.,

Young Sheep III.,

48.16
.53,22
51. '3

11.40
23.34
16.55

34.59
30.93
30.00

48.93
55.34
.53.13

54.03
.58.17

.57.02

28.42
37.09
30.97

Average, . 50.97 17.10 36.06 52.47 56.61 34.16

English hay, .
^

!

Young Sheep
Youug Sheep II.,

01. Oi
5.5.40

16..31

21.85 38..50
.01 •Do

,5().3:)

57.95
01.30

48.66
51.29

Average, . 53.54 19.08 39.32 53.69 59.66 49.98

English hay, .
^

1

Old Sheep II.

Old Sheep III.,

56.91
60.41

20.06
24.25

At Qd

42.85
58.28
(>:3.45

62.68
65.60

47.05
45.09

Average, . 58.66 22.16 42.36 60.87 64.14 46.37

Bibby's dairy cake, .

|

Bibby's dairy cake (1903),

j

Youug Sheep I.,

Young Slieep II.,

Young Sheep III.,

Old Sheep I., .

Old Sheep II., .

Old Sheep III., .

1 1 • ll)

01. 7S
09.51
01.40
80.59
65.71

44.16
37.19
28.50
27.10
43.17
17.92

Do. 11

.58.41

07.82
61.95
75.72
01.06

1.27

68.44
51.82

87.79
79..50

80.15
71.29
88.01
74.23

94.91
91..56
98.88
90.02
95.05
84.19

Average, . 69. 9S 33.03 65.51 46.15 81.16 92.44

Alma dried molasse
pulp.

8-beet-

1

Old Sheep II,

Old Sheep III,

8().98

82.04
68.54
54.50

69.00
59.15

84.47
83.27

93.47
88.08

-

Average, . 84.51 61.52 64.08 83.87 91.08 _

Armour's blood meal
. •

I

Young Sheep
Young Sheep

I|
II.,

100.

+

90.3;^

88.41
79.58

84.00

Medium green soy
meal.

bean
\

(

Old Sheep II.

Old Sheep III. •

98.43
81.01

76.83
62.39

a5.35
87.68

122.20
104. ItO

10:^20
01.28

%.89
89.37

Average, . 89.72 69.61 91.51 113.55 82.24 93.13
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tiummary of Coefficierds {Fer Cent.) — Concluded.

Ration,
Sheep

Number.

Dry

Matter.

"to 2 Fiber.

'A
Fat.

Marsball hominy feed, .

|

Hominy meal (1903), .

|

Average, ....

Young Sheep I.,

Young Slieep II.,

Young Hheep III.,

old Sheei) I., .

Old Sheep II., .

Old Sheep III., .

So. 87
77.75
74.65
71.16
80.31
90.80

53.95
30.56
30.27
10.81

34.67

58.19
54.20
61.84
62.23
66.20
74.03

74.25
1.99

40.11
126.:^

91.63
87.16
84.21
82.02
87.88
94.18

93.19
94. 8S
94.22
91.3;i

92.i^7

88.i)5

80.09 32.05 62.78 60.88| 87.85 92.52

The Results discussed

^

The more important results obtained from the several

digestion experiments, the details of which are reported in

the previous tables, are discussed as follows :
—

Soy Bean Fodder (Brooks INIedium Green). — The yield

of fodder was light (about 6 tons to the acre), due to the

cool summer of 1903. The plants were quite green, thickly

set with leaves, well podded and the seed fairly well devel-

oped. In common with other legumes at a similar stage of

growth, the fodder showed a noticeably high protein per-

centage, and only moderate quantities of fiber and extract

matter. The three sheep ate the fodder readil}^ and digested

it (juite evenly. Sheep 11. refused small quantities of the

coarse stems. The results agree fairly well with those already

on record.^

Stimmarij of Experiment {Per Cent.).

umber

of

1

Dilferent

Lots.

ingle

Trials.

ry

Matter.

rotein.

u
X

tract

Matter.

CO Q < Em

Sheep I. 1 1 63.56 26.29 84.35 39.74 76.09 66. 3:?

Sheep II

Sheep III
1 1 62..'il 16.89 82.12 30.83 79.45 66.00
1 1 (;4.53 19.97 82.41 46.13 77.92 63.93

1 3 63.53 21.05 82. iK) 38.90 77.82 65.42
Average, previous experiments. 5 12 «65.00 75.00 46.00 75.00 48.00

Clover for comparison, 3 7 66.00 70.00 54.00 72.00 64.00
Cow peas for comparison. 2 4 268.00 23.00 76.00 60.00 81.00 59.00

' See especially Phelps' work in the reports of the Storrs Experiment Station for 1896

and 1898, and the sununary reported in Lindsey's compilation, fourteenth report of the

llatrh Kxperiment Station, p. 198.

* Organic matter.
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The total dry matter of the soy bean fodder appears to be

slightly less digestible than that of other legumes,— clover,

Canada field peas and cow peas, —* due to its chai-acteristic

hard, woody stems. Attention is called to the fact that the

digestion coefficient of the fiber in the soy beans is relatively

low (39 and 4(j per cent.), as compared with those for the

clover and cow peas (54 and 60 per cent.). Soy beans will

find their chief use in the farm economy as a soiling and

silage crop. This subject will be discussed more fully at a

later date.

Eureka Silage Corn.— This was a large southern dent

variety, 12 to 13 feet tall, which is held in high esteem for

silage purposes by the farmers of Worcester County. It is

claimed that it will produce several matured ears to each

stalk under average summer conditions. The season of

1903 was noticeably cool, and when the corn was cut, Sep-

tember 12-18, it was quite green, the kernels just forming.

This variety is being further studied during the present

season (1904), and its value as compared with the smaller

varieties will be discussed in a subsequent report.

The three sheep showed only slight variations in their

ability to digest the corn. The following figures show the

avemge results of all trials wdtli immature dent varieties, as

compared with Eureka. The results are quite similar, ex-

cept that the fiber in case of the Eureka showed a slightly

lower digestibility.

Summary of Experiment (Per Cent.).

u
O fl
. a B u

a

Dilfer

Lots.

a

ryMal

CD

d

S
iber. X

tract Mat

Q

Dent corn fodder, immature, . 4 11 68.00 66.00 67.00 71.00 68.00

Eureka (present trial) , . , . 1 3 67.00 42.00 67.00 60.00 72.00 66.00

Apple Pomace. — In the sixteenth report of this station

(pp. 63-80) are given the results of a digestion test with

apple pomace. In that experiment the pomace was fed

with a reasonable quantity of hay. In the present trial a

smaller amount of hay was fed, and in addition each sheep
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was tjiven loO grams of cotton-seed meal, in the hope of in-

creasing the digestibility of the protein in apple pomace.

^

For the sake of comparison, the coefficients obtained in both

experiments follow :
—

Hummdi'tj of Experiment (^Pcr Cent.^.

1
e:

Extract

iMatter.

Q
"3

<3
2 OS

Farmer Experiment, Hay and Pomace.
Sheep I

Sheep 111.,

67.20

70.77

42. 2;^

62.64
23.55

55.43
68.94
77.57

82.73
85.65
84.53

44.21
4;i.50

42.51

67.31 84.30 4:i.4l

Present Experiment, Hay, Cotton-seed yfcal and
Pomace.

Sheep I., 65.63 60.91
47.20

35.82
63.93
84.95

80.31
83.59
89.53

51.99
39.10
50.56

Average, 72.51 54.74 61.57
64.40

84.48
84.40

47.22
45.30

Both experiments were made with the same lot of sheep.

The sheei) digested the total dry matter of the pomace rather

more evenly in the present than in the former trial. It is

evident that Sheep I. was unable to utilize as much as the

other two sheep. It will be seen that the fiber, extract

matter and fat, comprising the larger part of the drj^ matter

of the i)omace, were digested to approximately the same
degree in both experiments. The protein content of the

pomace is small, about 1 per cent., and it has not been pos-

sible by present methods to fix its digestibility. It probably

is digested to a considerable degree, although the results do
not make it apparent. The several experiments show the

})omace to be as digestible as the better grades of corn silage.

Its value for feeding purposes will be further discussed under

a separate heading.

Enc/UsJi //(///.— The hay used in the present series con-

sisted of a mixture of timothy and redtop, cut in late bloom,

and well cured. Two different analyses of this hay are re-

ported in the table of composition. It contained gather less

» In determining the digestibility of the apple pomace, average digestion coefficients

were taken for the cotton seed meal. See fourteenth report of this station, p. 209.
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protein and more fiber than the hay usually employed by us

for digestion experiments.

The young sheep (Period IV.) did not digest the hay as

fully as did the old sheep (Period V.) The experiment was

repeated with two of the young sheep in Period XII., in

which ease higher coefficients Avere obtained, though they

did not equal those secured with the old sheep. The hay

showed a fair digestibility, and no extreme variations were

noted among the several sheep in the same trial. The re-

sults, however, do not agree as closely as most of the former

experiments with hay carried out at this station.

Bihhi/s Dairy Cake^ made by J. Bibby & Sons of Liver-

pool, Eng., is composed principally of ground cotton-seed,

cereals such as barley and wheat, molasses, fenugi-eek and

salt. It has a pleasing taste and smell, and appears to be

highly relished by farm animals. The results of two distinct

trials are reported, the first made during the winter of 1903

with three old sheep, and the second made during the winter

of 1904 with three young sheep. The first sample was pur-

chased from the stock of a retail grain dealer, and the second

was obtained directly from a recent importation. Both lots

were in good condition, and resembled each other closely in

chemical composition. In the second trial the cake was not

relished by Sheep III., although he was induced to eat it

after a few days. The cake, which was ground before being

fed, acted as a laxative, at first producing soft foeces, which

gi-adually hardened as the period advanced.

Summary of Experiynent (Per Cent.).

Dry

Matter,

35

<

Protein.

Fiber.

Extract

Matter.

Fat.

Sheep I., old, .

Sheep II., old, .

Sheep III., old, .

61.40
80.59
65.71

27.16
43.17
17.92

61.95
75.72
61.06

68.44
51.82

71.29
88.01
74.23

iK).02

95.05
84.19

Average, three sheep. 69.23 29.42 66.24 60.13 77.84 89.75

Sheep I., young,
Sheep II., young,
Sheep III., young.

77.76
64.78
69.51

44.16
37.19
28.56

68.11
58.41
67.82

63.07
1.27

87.79
79.50
86.15

94.91
91.56
98.88

Average, three sheep.
Average, six sheep, .

70.68
69.95

36.63
33.02

64.78
65.51

32.17
46.15

84.14
80.99

95.11
92.43
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Especially wide variations are noted in the case of tlie old

sheep. Sheep II. seemed to have a strong digestion, while

Sheep I., judging from the results, was slightly out of con-

dition. Such extreme variations are not apparent in case

of the young sheep. In both experiments considerable dif-

ficulty was experienced in digesting the crude fiber, due

probably to the fact that it was derived largely from cotton-

seed hulls. The protein was moderately digestible, while

the extract matter and fat yielded fairly high coefficients. In

genei-al it may be said that the dairy cake was only moder-

ately digested, and possessed a nutritive value similar to

standard wheat middlings. An experiment with Bibby's cake

fed to four dairy cows has been com[)leted, and the relative

commercial and nutritive value of this concentrate will be

more fully discussed in that connection.

Dried Molasses-heet-jpiilp. — This material, manufactured

by the Alma Sugar Company of Ahna, Mich., consisted of

beet pulp and crude molasses dried. ^ In appearance it

resembled ordinary black tea. The analysis showed it to be

low in protein and high in fiber and extract matter
;
only

traces of fat were found. A more detailed analysis of the

product showed that the crude protein consisted of 7.01 per

cent, of true albuminoids and 2.90 per cent, of amides; the

extract matter contained 13.80 per cent, of cane sugar and

1.83 per cent, of dextrose. The pentosans (18.40 per cent.

)

were in all probability largely in the form of a hemi-cellu-

lose, and would also be included in the extract matter. The

above figures are based on the material in its natural state,

with 8.58 per cent, moisture. The results of the experi-

ment with two old sheep follow :
—

Summary of Experiment (Per Cent.).

u

§ s
ai d

I'".d

1 iQ < »

Sheep II 86.98 68.54 69.00 84.47 93.47

64.50 59.15 83.27 88.68

Average, 84.51 61.52 64.08 83.87 91.06

Corn ini'jil for comparison. 89.00 70.00 94.00 91.00

* See Bulletin No. 99 for a description of tlie process and a full discussion of its value.



1905.] PUBLIC D0CUMP:NT— No. 88. 73

The sheep ate tlie material readily and digested it without

trouble. From the high average dige.stibilit}' and an experi-

ment with dairy animals elsewhere reported/ it is believed

the dried pulp has a feeding value about 10 per eent. less

than corn meal.

Armoiifs Blood Meal, especially prepared for cattle feed-

ing, was found to contain 95.24 per cent, of protein and

only traces of fat and fiber. Its mechanical condition was

all that could be desired. As the detailed experiment shows,

it was fed to two young sheep in combination with hay and

corn meal. In figuring the digestibility of the blood the co-

efficients for the corn meal were taken from Lindsey's com-

pilation.^ The two sheep digested the drj^ matter of the

blood quite thoroughly, namely, 95.14 per cent. The pro-

tein was not as thoroughly digested,— 88.99 per cent. ; but

this must be more apparent than real, and due to the in-

fluence of the other constituents. It is probable that the

protein of the hay and corn meal was not quite as thoroughly

digested as the coefficients call for, leaving a slight excess

undigested, which must of necessity be charged against the

blood. This supposition is strengthened by the fact that

there is a small plus balance of extract matter and a minus

balance of fiber, which show digestible divergences from the

established hay and corn meal coefficients. Judging from

the digestibility of the dry matter of the blood, we may safely

conclude that the blood protein must be quite thoroughly

utilized by farm animals. An experiment with dried blood

as a source of protein for dairy animals has been completed,

and its economic value will be discussed when the results of

that experiment are published.

Soy Bean Meal (Brooks Medium Green).— The beans

were gi'own at the station, and coarsely ground before being

fed. They were of the usual good quality, containing 40.69

per cent, of protein and 21.10 per cent, fat in dry matter.

The coefficients obtained in 1903 follow, and also those

secured in the present trial :
—

1 Loco citato.



74 HATCH EXPERIMENT STATION. [Jan.

Summary of Experiment {Per (Jeni.).

e:

>>

Q
ABh.

ff

3
o

u

M

u

y.

»
Fat.

Sheep II., old, llKiS 95.46 44.93 92.80 194.62 93.04 95.67

Sheep III., old, 1903 87.32 41.70 89.34 85.43 89.29 91.:^

Average 91.39 43.32 91.07 140.03 91.17 5>3.51

Sheep II., old, 1904 98.43 76.83 95.35 122.20 103.20 96.51

Sheep III., old, VJM 81.01 62.39 87.68 104.90 61.28 89.37

Average 89.72 69.61 91.61 113.55 82.24 92.94

Average, four trials, iK).56 56.47 91.29 1-26.79 86.71 93.23

Average, two CJennan trials for comparison, I8.'>.00 87.00 62.00 94.00

1 Organic matter.

The soy bean, in common with other concentrates rich in

nitrogen, frequently causes digestive irregularities. In the

l)resent trial Sheep III. was not able to digest the feed as

thoroughly as Sheep II. The same condition was apparent

last year, although not quite as marked. It is evident that

the beans are as a rule quite thoroughly digested, especially

the protein and fat, which are the two important constitu-

ents. The coefficients for the fiber are, of course, incorrect,

due probably to the favoi-able influence of the rich protein

concentrate in increasing the digestibility of the hay carbo-

hydrates. The small amount of fil)er present— about 5

per cent. — renders a knowledge of the exact percentage

digestible of minor importance. The exti-act matter w^as

also largely digested,— probably 80 or more per cent.,

—

although the trials made thus far have not given sufficiently

definite results to enable one to fix any exact coefficient.

Hominy Feed^ or Chop.— As used for cattle feeding, this

consists of the hull, germ, some of the gluten and soft starch.

The two samples tested were of good average quijlity. The

results of six trials are presented. Three of them were made
with old sheep in 1903, and three with young sheep in 1904.



1905.] PUBLIC DOCUxMENT— No. o3. 75

Summary of Experiment (Per Cent.).

Dry
Matter.

Ash. Protein. Fiber.
Extract
Matter. Fat.

71.16 10.81 62.23 82.02 91.33

80.31 66.20 40. 11 87.88

OlltJcp 111., Uitl) l*7UO| • • • 90.80 34.67 74.03 126 . 50 88.03 90.95

Average, 80.75 22.74 67.48 85.97 91.61

Sheep I., young, 1904, 85.87 53.95 58.19 74.25 91.63 93.19

Sheep II., young, 1904, 77.75 30.56 54.20 1.99 87.16 94.88

Sheep III., young, 1904, 74.65 30.27 61.84 •84.24 94.22

Average, 79.42 38.26 58.07 38.12 87.66 94.09

Average, both experiments. 80.08 30.50 62.77 86.81 92. &5

Com meal for comparison, 89.00 70.00 94.00 91.00

In the first trial Sheep I. evidently had a somewhat weak-

ened digestion. This condition has already been referred

to, and this sheep was dropped during 1904. Sheep III.

appeared to have digested the homiiw quite thoroughly,

while Sheep II. gave results midway between the other tAvo.

Just why the three sheep should have shown such variable

results with a feed that is supposed to be easily digested, is

not clear. In the second trial, with a different sample and

with the young sheep, the results also varj^ more than one

would expect. Sheep III. was unable to digest the starchy

matter as well as the other two, but made better use of the

protein. The percentage of fiber contained in the hominy

is relatively small, and the results differ so noticeably that

they must be considered worthless. Both lots of sheep

utilized the starchy matter and fat to about the same degree
;

the young sheep failed to digest the protein, as well as the

old sheep. The average results of the two experiments

must be regarded as giving a fairly good idea of the diges-

tibility of the several fodder groups. It has been assumed

hitherto that hominy was as digestible as corn meal ; but,

in view of the results obtained, this opinion is no longer

tenable. The total dry matter of the hominy seems to be

about 9 per cent, less digestible than that of the corn. This

deficiency apparently falls largel}^ on the protein and extract
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matter. Corn meal as found upon the market contains on

an average 14 per cent, of water, or 1,720 pounds of dry

matter to the ton ; while hominy shows 9 per cent, of water,

or 1,820 pounds of dry matter to the ton. Api)lying the

digestion coefficients for dry matter obtained in both cases,

hominy would yield 1,456 pounds and corn meal 1,531 to

the ton, and Avould show the corn meal to be about 5 per

cent, more valuable than the hominy. It is proposed to

repeat the digestion test with still another sample, and also

to compare the two feeds with milch cows. The fact must

not be overlooked that different samples of both grains,

more particularly the hominy, are likely to vary somewhat

in nutritive value, hence too positive conclusions should not

be drawn. On the basis of our present knowledge, it may
be said that both feeds have similar nutritive values.

Eureka Silaye Corn Fodder. — This was a cured sample of

the variety previously described. In composition it differed

somewhat from the green sample, by containing more ash,

noticeably more fiber and less extract matter. Whether

this change was the result of sampling, or Avhether it was

brought about by the curing process, it is difficult to say.

In case of the green corn, small lots were cut every two or

three days during the experiment, each lot being carefully

sampled and moisture determinations made immediately.

At the end of the trial equal weights of each sample Avere

mixed, and this mixture held to represent the corn fed

diu'ing the entire experiment. To secure as fair a sample

as possible of the material to be cured, a considerable quan-

tity was cut about the middle of the digestion trial with the

green corn, and placed in stooks in the field. The stooks

were removed to the barn before snow came. In spite of

the care taken, differences in the composition of the two lots

would be likely to occur. At the time of feeding the cured

material, in early March, it still contained ()0 per cent, of

water. It was finely cut before feeding, and, though some-

what mouldy on the outside, proved to be in fairly good

condition. Because of the unexpected large water content,

the sheep did not receive a sufficient amount daily,— 1,200

grams,— although the results show that they suffered no
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great loss in live weight during the period. Sheep ITT. ate

the ration clean, while Sheep II. refused a noticeable amount

of the coarser portions. The following figures show the

results with the dry fodder; for comparison, the results

obtained with the green corn are also stated :
—

Summcwy of Experiment {Fer Cent.^.

Dry
Matter.

Ash. Protein. Fiber.
Extract
Matter.

Fat.

Sheep II., old, dry fodder,

Sheep III., old, dry fodder,

Average

Sheep I., old, green fodcler, .

Sheep II., old, green fodder, .

Sheep III., old, green fodder, .

Average

63.88

63.80

39.66

41.02

57.72

56.36

71.09

72.02

64.14

63.50

62.72

62.14

63.84

64.32

68.57

66.99

40.34

43.10

41.76

41.76

57.04

66.50

66.85

67.70

71.56

56.17

63.65

60.97

63.82

70.26

74.34

72.72

62.43

67.32

65.68

64.80

66.63 42.21 67.02 60.26 72.44 &5.93

The coefficients obtained are concordant, and the experi-

ment may be considered quite satisfactory' . In comparing

the results of the two experiments, it will be noticed that

the dry fodder was not as well digested as the green material.

This may be accounted for partly on the ground that the

sheep received the green fodder in September, after having

been at pasture all summer, while the dried material was fed

in March, after they had been in similar experiments for six

months ; and partly because previous experiments have dem-

onstrated that in case of very coarse fodders sheep digest

the green substance a little more thoroughlv than the cured.

For some reason the fiber in the dry material was more fully

dio^ested than in the o^reen substance. This mav be due to

the fact that in the cured fodder some of the extract matter

had been converted into a hemi-cellulose, which resisted the

action of the chemical solvents, but yielded to the influence

of the digestive fluids. In general, it may be said that the

results obtained with the Eureka corn compare very favor-

ably with those obtained by other experimenters Avith the

southern varieties at a similar stage of growth.
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2. The Digestibility of Galactan.

REPORTED 15Y J. li. LINDSEY.>

Those carbohydrates that can be removed from plants ;ind

seeds by the action of dihite mineral acid and alkali, and

that are soluble in F. Schulze's reagent, E. Schulze has

termed hemi-celluloses. Under this heading he has brought

the mother substances,— dextran, levulan, man nan. galactan,

araban and xylan ; which yield on inversion the sugars, —
dextrose, levulose, mannose, galactose, arabinose and xylose.

These hemi-celluloses are intermixed with the true celluloses

in the cell walls of the plants and seeds. They have been

frequently recognized as reserve material, being used by the

embryo during the sprouting of the seed. The levulan and

mannan have not been found generally distributed, while

the araban and xylan (pentosans) constitute fully one-third

of the extract matter of all hays and straws, are quite prom-

inent in the hull and bran of most grain seeds, and are even

found in the endosperm and cotyledons of many seeds.

Galactan was first extracted from lucerne seeds by ^luntz,^

and was converted into galactose by boiling with dilute acid.

E. Schulze ^ and his co-workers found considerable galactan

in the seeds of the blue lupine, and as a result assumed that

this hemi-cellulose might be very generally distributed in

agricultural plants. Lindsey and Holland * determined the

» Thifi cxi)crinicnt was carried out by Mr. E. S. Fulton of the class of 1904 of the Mas-

sachusetts Agricultural College, who expressed a desire to undertake work of this

character for a graduation thesis. The sheep and apparatus belonging to the depart-

ment of foods and feeding were placed at his disposal.' The digestibility of the hay
used had already been determined. Mr. Fulton assumed charge of the sheei>, and pre-

pared tlie fa'ces for analysis in the station laboratory. The analytical work was done
at the college laboratory, under the supervision of I'rof. C. Wellington. Mr. Fulton ex-

presses liirt tliatiks to I'rofcsRor Wellington and also to Dr. Lindsey and his co-workers

for the many licli)8 an<l suggestions received.

2 nul. Soc. Chem. (2), -.il, p. 40l».

Zeitscli. f. physiol. Chem. lid. 14, Heft. 3, Zeitsch. f. ])hysiol. Chem. Bd. 16, Hefts. 4

and 5.

« Ninth report of the Hatch Experiment StJition, pp. 92-96.
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percentage of galactan in a large number of hay.s, straws and

concentrated feeds. The results of their work showed the

presence of quite small amounts of galactan in the non-

leguminous plants and seeds. In the leguminous plants

from 3 to 4 per cent, was found, while in leguminous seeds

the amount varied from 1% to 14 per cent.

The method ^ employed was the one proposed by Tollens

and his pupils, and consisted in principle of oxidizing a

given amount of the plant or seed with a solution of slightly

diluted nitric acid, and collecting the resulting mucic acid,

after further treatment for the removal of impurities, on a

tared filter.

No experiments are on record relative to the digestibility

of galactan, hence the undertaking of this trial. Alsike

clover seed was selected because it contained a noticeable

quantity of galactan. It was ground reasonably fine, and

fed in connection with hay, the digestibility of which had

been previously determined. The experiment was conducted

in the usual way, three young Southdown wethers being em-

ployed, and passed ojff without any disturbances.

Tabulated Data of the Experiment.

Composition of Feed Stuffs (Pe?- Cent.).

[Dry matter.]

Feeds. Galactan. Ash. Protein. Fiber.
Extract
Matter.

Fat.

llay,2
Clover seed,

1.72
8.07

6..53

5.88
6.23

34.29
3;i.0()

13.12
52.27
41.42

1.97
5.29

Composition of Fcvccs {Per Cent.).

[Dry matter.]

Sheep. Feeds. Galactan. Ash. Protein. Fiber.
Extract
Matter.

Fat.

II.',
'.

III.,

Hay and clover seed,
Hay and clover seed.
Hay and clover seed,

.99

.<)o

1.02

11. .57

11.21
11.32

11.97
13.11
12.63

29.27
30.23
28.94

44.43
42.84
44.49

2.76
2.61
2.62

T
,

II.,

III., .

Hay,2 ....
Hav
Hay, ....

.8(5

.7(5

1.07

11.16
10.70
10.92

7.86
8.40
7.97

32.51
31.51
32.20

45.75
46.74
46.40

2.72
2.t!5

2.51

1 Loco citato.

- The figures for all constituents, excepting galactjvn, in hay and hay manures were
determined in a previous experiment.
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Dry Matter Determinations made at the Time of weighing out the Foods,

and Dry Matter in Manure excreted, estimatedfrom Air-dry Fceces

{Per Cent.).

Sheep. Feeds. Hay. Clover Seed. Manure.

Hay and clover seed, . 88.86 91.53 94.05

II., . . Hay and clover seed, . 93.70

III., . . Hay and clover seed, . 94.07

I., . Hay 93.36

II., . Hay, 93.27

III., . Ilav, 93.25

I
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Sheep I.

•

Matter

'er

Cent.).

Z

c .

I

(Per

Cent.).

u

5 = ler

(Per
Cent.).

Ui

a

C 1^ n

600 grams hay fed, 533.10 9.17 34.81 33.21 175.92 278.66 10.50

200 grams clover seed, 183.06 14.77 10.76 62.77 24.02 75.82 9.68

Total consumed, 716.16 23.94 45.57 95.98 lil9.94 354.47 20.18

307.10 grams manure excreted, 288. &S 2.8() 33.42 34.57 84.64 1-28.33 7.97

Grams digested, 427.3:3 21.08 12.15 61.41 115.40 '226.14 12.21

Minus haj' digested,i 266.95 6. IK) 4.82 12.41 87.93 156.86 4.05

Clover seed digested, .... 161.38 14.18 7.33 49.00 27.47 69.29 8.16

Per cent, digested, 88.16 96.01 68.12 78.06 114.36 91.39 84.30

Sheep II.

600 grams hay fed, 533.10 9.17 34.81 33.21 175.92 278.66 10.60

200 grams clover seed 183.06 14.77 10.76 62.77 24.02 76.82 9.68

Total consumed 716.16 23.94 45.57 95.98 199.94 354.47 20. 1>

303.60 grams manure excrele<l, . 284.47 2.70 34.03 37.29 86.00 121.87 7.42

Grams digested 431.69 21.24 11..54 58.69 113.94 232.60 12.76

Minus hay digestcd,2 289.69 7.28 7.87 12.63 98.25 166.55 4.64

Clover seed digested 142.00 13.96 3.67 46.16 15.69 66.05 8.12

Per cent, digested, 77.57 94.52 34.11 73.54 65.32 87.11 83.88

Sheep III.

600 grams hay fed 533.10 9.17 34.81 33.21 175.92 278.65 10.50

200 grams clover seed, 1K3.06 14.77 10.76 62.77 24.02 75.82 9.68

Total consumed, 716.16 23.94 45.57 95.98 19J>.94 a54.47 20.18

321. 1)0 grams manure exert ti'd, . 302.81 3.09 :m.28 38.24 87.63 134.72 7.93

Grams digested, 3 413.35 20.85 11.29 67.74 112.31 219.75 12.25

Minus hay digested, 274.71 6..55 5.76 12.17 93.47 158.89 3.88

Clover seed digested, .... 138.64 14.30 5.53 46.67 18.84 60.86 8.37

Per cent, digested, 75.74 96.82 51.39 72.60 78.43 80.27 86.47

1 Used average coelVicient of Slieep I., Periods IV. and XII.

2 Used average coeflicient of Slieep II., Periods IV. and XII.
3 Used coefficients of Sheep III., Period IV.
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Summary of the Results.

Composition of the Feeds (Per Cent.).

Galactau.i Ash. Proteiu, Fiber.
Extract
Mutter. Fat.

Clover seed, 8.07

6.53

5.88

6.23

34.29

33.00

13.12

52.27

41.42

1.97

5.29

Digestibility of the Feeds (Per Cent.).

Dry
Matter.

Galactan. Ash. Protein. Fiber.
Extract
Matter.

Fat.

Hay (all sheep), .

Clover seed. Sheep I.,

Clover seed, Sheep 11.,

Clover seed. Sheep III.,

53.50

88.16

77.57

75.74

75.35

96.01

94.52

96.82

20.50

68.12

34.11

51.39

37.00

78.06

73.54

72.60

55.00

114.36

65.32

78.43

59.00

91..39

87.11

80.27

42.00

^.30

83.88

86.47

Average, . 80.49 95.78 51.21 74.73 86.04 86.26 84.55

The analysis and digestibility of the hay were made in con-

nection with a series of digestion experiments at the station.

It appeared to contain rather more galactan than other

samples examined.^

A previous complete analysis of alsike clover seed does

not appear to be recorded. It contained a high percentage

of protein and a normal amount of galactan.

The results of the digestion experiment with the three

sheep show the total dry matter of the clover seed meal to

have been fairly well digested, although the coefficients are

noticeably lower than those on record for soy beans, peas,

vetch and lupine (85 to 90 per cent.).

The galactan in the hay is shown to be 75 per cent, diges-

tible. Because of the small quantity present, the results

arc of minor importance. All three sheep digested the

gahictan in the clover seed quite thoroughly. Such a result

was to have been expected, for the reason that in the seed

the galactan is supposed to be comparatively free from in-

1 It may be assumed that the galactan belongs almost wholly to the nitrogen-free

extract matter.

2 Whether the substance obtained was pure galactan, or consisted partly of impuri-

ties that it was not possil)le to remove, it is difticult to say. Lindsey and Holland

loiuid a trille less than 1 per cent, in another sample.
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crusting substances, which have been shown by variuu/.

investigators to seriously interfere with the digestibility of

the several fodder groups.^ Xaturally, no positive conclu-

sions should be drawn from the present single investigation.

Knowing, however, the physiological and chemical character

of the galactan, as well as the digestion coefficients obtained

with starch and with the pentosans, — bodies of similar

character,— it is reasonably safe to conclude that the results

secured give a fairly correct idea of the ability of the animal

to utilize the galactan group.

> The pentosans, fifteenth report of the Hatch Experiment Station, p. 118.
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3. The Feeding Value of Apple Pomace.

BY J. B. LIXDSEY.

There is often considerable discussion in the agricultural

press and among farmers concerning the value of apple

pomace as a food for dairj' and beef cattle ; with a view to

getting a little positive data, this station instituted a number

of experiments, the results of which are here briefly stated.

(a) Composition of Apple Pomace (Per Cent.).

Water. Ash. Protein. Fiber.
Extract
Matter.

Fat.

Sample I.,

Corn silage for comparison,

81.40

80.00

.73

.60

1.10

.94

1.01

1.70

3.00

3.1.)

5.40

13.03

13.73

11.10

.90

1.27

.70

It will be seen from the above figures that apple pomace

is a carbohydrate feed similar to corn silage. It contains

about the same amount of water (four-fifths), rather less

protein and fiber, and a larger proportion of extract matter.

Whether the extract matter in the pomace is as valuable,

pound for pound, as that contained in the corn, has not

been thoroughly demonstrated.

(h) DifjestihiJiti/ of Apple Pomace,

The value of a feed cannot always be measured by its

composition. A food is valuable as a soiu-ce of nutrition

only in so far as its various constituents can be digested and

iissimilated. This station has made two different experi-

ments to ascertain the digestilnlity of the pomace, and the

detailed results are to be found elsewhere in this report.

The summary follows >—
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Summary of Experiments (^Fer Ccnt.^.

u o
s a

B XI.

5

p oH u 2 a X
55

Apple pomace (first experiment), 3 72.5 54.7 61.6 84.5 47.2

Apple pomace (second experiment),

.

3 70.6 42.8 67.3 84.3 43.4

6 71.5 48.7 64.4 84.4 45.3

Dent corn silage (for comparison), . 17 64.0 52.0 62.0 69.0 85.0

Flint corn silage (small varieties), 11 75.0 65.0 77.0 79.0 82.0

The results show the total dry matter in apple pomace to

be about as digestible as in the best grades of silage. The

protein content of the pomace is small,— about 1 per cent.,

— and it has not been possible by present methods to fix its

digestibility. Judging from the composition and digesti-

bility of the pomace, one would feel justified in assuming

that, pound for pound, it should approach in feeding value

an average quality of corn silage.

(c) Experiments with Dairy Animals,

While this station has not carried out any exhaustive com-

parative tests with pomace and other coarse feeds, it has fed

the pomace a number of seasons to dairy animals. The
material was drawn fresh from the mill, and placed in a

large pile under cover. A noticeable quantity of juice

gradually drained from it, but it koi)t in good condition for

two months. The animals received from 15 to 30 pounds

dail}^ ate it readily, and the results were quite satisfactory.

In one case two cows Avere fed alternately foiu* weeks at a

time on grain and hay, and on grain, hay and pomace ; 25

pounds of pomace were compared with 5 pounds of h^y.

During the pomace period the animals produced 1,153

pounds of milk, and gained 24 pounds iii live weight ; dur-

ing the hay period, 1,138 pounds of milk, and lost 6 pounds

ill weight. On this basis, 5 pounds of pomace were more
than equivalent to 1 pound of hay. Judging from this

feeding test and from the composition and digestibilitv of

the pomace, it seems probable that 4 pounds, when fed in
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what is termed a l)alanced ration," would be ecjual in feed-

ing value to 1 pound of good cow hay.

The Vermont Experiment Station has fed apple pomace

for four years, using in all twenty cows in the sevei-al trials.

The pomace was shovelled into the silo, levelled off, and

kept in good condition without further care. In some cases

it was placed on top of the corn silage after the latter had

settled. The quantity fed varied from 10 to 35 pounds

daily, with no unfavorable effects. As a result of the sev-

eml expermients, the Vermont station concludes that the

pomace is equivalent in feeding value to an equal weight of

average corn silage,^ and that it is without injurious effect

on the flavor of milk and butter.

Farmers are cautioned not to feed too large quantities at

first, but to begin with 10 pounds daily, and to gmdually

increase the quantity to 30 pounds, taking a week or more

in which to do it. In this way, danger of a sudden milk

shrinkage, or of the animals getting " off feed," as is some-

times reported, may be avoided. Judging from all the data

available, it is believed that farmers living in the vicinity of

cider mills will find it good economy to utilize the pomace

as a food for their dairy stock.

1 There is doubt in the mind of the writer whether poniiice would prove fully equal

to well-preserved and well-eared corn silage; it certainly would approach it in feeding

value, and ought to be fully utilized.
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4. Blomo Feed for Horses.

J. B. LINDSEY AND P. II. SMITH.

Blomo feed ^ is a mixture of ground corn stalks, or similar

material, with dried blood and refuse molasses. It is almost

black in color, slightly sticky to handle, and of a bulky,

fibrous nature. It has been extensively advertised as a satis-

factory partial oat substitute for horses, and is guaranteed to

contain 15 per cent, protein and 1.19 per cent. fat. Feeds

of similar diameter have been in use for some time in

Europe.
Composiiiofi of Blomo Feed (Per Cent.).

Water. Ash. Protein. Fiber.
Nitrogen-

free
Extract.

Fat.

Blomo feed,....
Oiits for comparison,
Corn for comparison,

20.2
11.0
11.0

9.0
2.9
1.4

14.7
12.9
10.8

12.1
8.5
1.9

43.3
59.6
70.2

.7

5.1
4.7

It will be seen from the foregoing table that Blomo feed

contains more protein and decidedly less fat and starchy

matter than either oats or corn. Part of the extract matter

consists of cane sugar derived from molasses. The ash con-

tent is considerably in excess of either oats or corn.

DigestibiUty of Blomo Feed,

A digestion experiment ^ was recently completed at this

station, Avith the following results :
—

Digestion Coefficients (Per Cent.).

Dry
Matter.

Ash. Protein. Fiber.
Nitrogen-

free
Extract.

Fat.

Blomo feed, 66.7 31.4 62.7 61.4 76.0 15.3
Oats for comparison, . 72.0 33.0 86.0 31.0 79.0 82.0
Corn (cracked) for comparison, 88.0 76.0 96.0 73.0

1 Made by the Blomo Manufacturing Company, New York, N. Y.
2 With slu'ep.
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Digestible N?Urie?its i?i a Ton (Pou)uls).

Protein. Fiber.
NitroKeii-

free
Extract.

Fat.
ToUil

Organic
Nutrients.

184 149 658 2 993

Oats for comparison, . 222 53 942 84 1,301

Com meal for comparison,

.

164 1,348 69 1,581

It will be seen that the coefficients obtained from the

Blomo are noticeably less than those from either corn or

oats. The fat coefficient is of minor importance, because of

the small quantity present. It is an established fact that

horses digest less fiber than sheep, hence the digestion co-

efficient for the fiber in the Blomo feed, when applied to

horses, is probably too high; a coefficient of 50 would be

nearer correct.

Applying the digestion coefficients to the composition of

the several feeds, and calculating the digestible organic

nutrients in 1 ton, it becomes evident that the Blomo con-

tains some 20 per cent, less digestible organic matter than

oats, and some 35 per cent, less than corn. This is due to

the comparatively undigestible character of the filler em-

ployed.

Cost of Digestible Matter in a Ton.

Allowing $32.50 a ton for Blomo ($1.30 an 80-pound

bag), $31 a ton for oats (50 cents a bushel of 32 pounds),

and $28 a ton for corn meal, the cost of a pound of digesti-

ble matter in each of the several feeds would be as follows :
—

Cents.

Blomo, 3.28

Oats 2.40

Corn meal, . . , 1.77

At the above prices, it will be seen that digestible matter

costs nearly twice as much in the form of Blomo feed as

when purchased in corn meal, and about one-third more

than in the form of oats.
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Feeding Trials with Horses.

Four horses belonging to the agricultural division of the

station were employed for the purpose. These horses did

liard farm work, which natui-ally varied somewhat in char-

acter and amount from time to time.

Trial I.

Object. — The object of the trial was to see if the horses

would eat Blomo readily, maintain their weight, and keep in

as ffood workino: condition as when fed their regular ration.

Rations fed.— The ordinary ration, previous to the be-

ginning of the trial, consisted of (3 quarts of oats, 6 quarts

of corn, and what hay the animals would eat clean. The

trial ration consisted of G quarts of Blomo in i)lace of (>

quarts of oats, 6 quarts of corn, and ha}^ The Blomo and oats

should have been compared pound for pound, but through

a misunderstanding they Avere fed quart for quart, so that

4.2 pounds of Blomo were fed against (5 pounds or more of

oats.i The horses were gradually placed on the Blomo ra-

tion. Three ate it readily, while the fourth refused more

or less of it at first, but eventually took the entire quantity

without objection.

Duration of the Trial. — The trial began March 19 and

lasted until July 5. During this time all four horses were

kept constantly on the same ration, and in no case did they

fail to take the full quantity of Blomo daily.

Weight and Condition of the Horses,— The horses were

weighed two mornings weekly before being fed or watered.

Average Weight at Beginning and End of Trial (^Poiuids).

1904. No. 1. No. 2. No. 3. No. 4.

.July 5,

1,248

1,243
1,288

1,270

1,368

1,358
1,1 H.T

1,11«

The weight varied slightly from week to week, but it is

evident that the ration was sutlicient to enable the animals

to keep in good condition and do the Avork required.

> Unfortunately, this department did not liave the direct care of the animals, hence
roiilil not closely supervise the det.iils of the trial.
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While the trial was in in-ogres.s it was found that the IMoino

feed, which had been obtained directly from the manufac-

turers, was several per cent, below its protein guarantee.

They claimed that this was due to carelessness on the i)art

of their chemist, and forwarded another lot, with the re(iuest

that it be used in place of the first shipment.

Trial II.

In the second trial the same horses were used.

Object of the Trial. — The object of the trial was to com-

pare the Blomo feed with oats as a partial grain substitute

for work horses.

Plan and Duration of the Trial. — The four horses were

divided into lots of tw^o each. In the first half of the trial

horses Nos. 1 and 4 received the Blomo ration, and horses

Xos. 2 and 3 the oat ration. In the second half these con-

ditions were reversed. Each half lasted six weeks, as fol-

lows :
—

Blomo Ration. Oat Ration.
Length

(in

Weeks).

July 18 through AugU8» 28,

Sejjtember 5 through October 17,

Horses Nos. 1 and 4,

Horses Xos. 2 and 3,

Horses Nos. 2 and 3,

Horses Nos. 1 and 4,

6

6

Character of Rations.— The rations were in all cases

measured out by the regular feeder. The same misunder-

standing existed as in the former trial regarding the relative

weight of the Blomo and oats, the feeder giving equal meii.s-

lu-e instead of weis^ht of each. This resulted in the com-

parison of approximate!}^ 4.2 pounds of Blomo with 6 pounds

of oats, which w^as manifestly unfair to the Blomo.

Blomo Ration fed daily.

6 quarts Blomo feed.

6 quarts cracked corn.

Hay (judgment of feeder).

Oat Ration fed daily.

6 quarts oats.

6 quarts cracked corn.

Ilay (judgment of feeder)

,
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Weights of Horses (^Pounds).

H0U8ES.

Blomo, Oats.

lieginning. End. Gain or
Lose.

Beginning. End. Gain or
LOSB.

No.l. . . .

No. '2,

No. 3,

No. 4,

Totals, .

1,230

1,295

1,390

1,180

1,245

1,350

1,370

1,205

IH-

65-1-

20—

25-f-

1,255

1,265

1,3-25

1,200

1,240

1,290

1,375

1,195

15—

25+

50+

5—

5,095 5,170 7H- 5,045 6,100 55+

These horses made a slight gain in each case, indicating

that both rations were rather more than sufficient to furnish

the necessary nutrients for the work performed. Because

of the uneven character of the work from day to day, it is

not possible to say that one ration gave any better results

than the other. It can simply be stated that the horses ate

the Blomo ration readily, kept in good condition, and did

satisfactory Avork during the trial.

Keeping Qucdiff/ of Blomo,

The first lot, of 1 ton, obtained in March, contained 21.5

per cent, of moisture. It was fed gradually until late June,

when 480 pounds, or about one-quarter, had spoiled. The
second lot, of t^^'^ contained 20 per cent, of Avater, and

was fed from early July until late October, during which

time 450 pounds, or nearly one-half, had become sour. This

lot underwent a slight decomposition during the warm,

muggy weather of August and September. It will be quite

necessary for the manufacturers to reduce the moisture con-

tent to 12 or less per cent., in order to prevent such changes,

especially during the warm season.

Conclmions,

1. Blomo feed was eaten readily, excepting that one of

the horses objected to it during the first week of the trial.

2. Considerable of the Blomo spoiled on being kept dur-

ing the warm weather, and it will be necessary for the

manufacturers to reduce the moisture content, in order to

overcome this difficulty.
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3. It contained noticeabW less digestible matter than corn

or oats, and, at prices usually prevailing, the nutritive mat-

ter it contains must be regarded as decidedly expensive.

4. No injurious effect was noted from feeding a consider-

able (juantity of Blomo as a component of the daily ration

during a period of seven months. The horses kei)t in good

condition and did satisfactory work.

5. Owing to a misunderstanding, whereby the Blomo and

oats were fed measure for measure, instead of weight for

weight, it was not possible to directl}' compare the feeding

value of these two feeds.

(). No particular advantage is to be gained from the use

of Blomo feed, other than securing a change from the regular

corn and oat diet.
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REPOET OF THE CHEMIST.

DR^ISION OF FERTILIZERS AND FERTILIZER

MATERIALS.

CHARLES A. GOESSMANN.

Assistants: henri d. iiaskins, riciiaud h. Robertson,' edward
G. PROULX.

Part I. — Report on Oflicial Inspection of Commercial Fertilizers.

Part II.— Report on General Work in the Chemical Laboratory.

Part I.— Report ox Official Inspection of

Commercial Fertilizers and Agricultural
Chemicals during the Season of 1904.

CHARLES A. GOESSMANN.

The total number of manufjictiirers, importers and dealers

in commercial fertilizers and agricultural chemicals who
have secured licenses during the past season is 6(5 ; of these,

38 have offices for the general distribution of their goods in

Massachusetts, 8 in New York, 8 in Connecticut, 3 in Ver-

mont, 2 in Pennsylvania, 2 in Ohio, 1 in Rhode Island, 1 in

Canada, 1 in New Jersey, 1 in Maryland and 1 in Arkansas.

Three hundred and twenty-nine brands of fertilizers and

agricultural chemicals have been licensed in Massachusetts

during the year. Five hundred and seventy-six samples of

1 Died Sept. 10, 1904.
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fertilizers have been colleeted up to the present time, in our

genenil markets by experienced assistants in the station.

Five hundred and twenty-five samples were analyzed at the

beginning of December, 1904, representing 2!).") distinct

brands of fertilizers. These analyses were published in two

bulletins of the Hatch Experiment Station of the Massa-

chusetts Agricultural College : Xo. 100, July, and No. 102,

November, 1904. Other official samples not included in

these two bulletins will be reserved for our next publication

in March, 1905. By comparing the above statements with

those of our previous annual reports, it will be seen that

there is a gradual increase in the number of fertilizers that

are licensed in the State of Massachusetts from year to 3'ear.

This fact would tend to show an increased consumption of

these articles, and would emphasize the importance of their

annual inspection from a commercial agricultural standpoint.

Twenty-three more brands of fertilizers have been licensed

during the past season than in the previous year.

The following table gives in compact form an abstract of

the results of analyses of official commercial fertilizers :
—

(a) AVherc tliree essential elements of plant food were guaranteed :
—

Number with three elements equal to or above the higliest guarantee,
Number with two elements above the highest guarantee,
Number with one element above the highest guarantee, . . . .

Number with three elements between the lowest and highest guarantee.
Number witii two elements l)etween the lowest and highest guarantee.
Number with one element l)etween the lowest and highest guarantee, .

Number with three elements below the lowest guarantee.
Number with two elements below the lowest guarantee, . . . .

Number with one element below the lowest guarantee

(6) Where two essential elements of plant food were guaranteed :
—

Number with two elements above the highest guarantee,
Number with one element above the higliest guarantee
Number with two elements Ijetween tlie lowest and highest guarantee.
Number with one element between the lowest and highest guarantee, .

Number with two elements below the lowest guarantee, . . . .

Number with one element below the lowest guarantee

(0) Where one essential element of plant food was guaranteed :
—

Number above the highest guarantee,
Number l)etween the lowest and highest guarantee
Number below the lowest guarantee,

From the above table it will be seen that, on the whole,

the quality of the fertilizers that have been licensed, collected

and examined during the past year is higher than in the pre-

vious season of 1903.
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Trade Values of Feriilizing Ingredients in Ttaio Materials and Chemicals, \

lOOH and 1904 {Cents per Pound).

1903. 1004.

16.00
Organic nitrogen in dry and flne ground fish, meat, blood, and in high- 17.00 17.50
grade mixed lertilizer.s.

Organic nitrogen in line bone and tankage, ir,.50 17.00
Organic nitrogen in medium bone and Umkage 12.00 12.50
Phosphoric acid soluble in water, 4.oO 4.50
I'hosphoric acid soluble in ammonium citrate, 4.00 4.00
Phosphoric acid in fine-ground lish, bone and tankage, ....
Phosphoric acid in cotton-seed meal, castor i)umace and wood ashes, .

4.00 4.00
4.00 4.00

Phosiihoric acid in coarse fish, bone and ttinkage
Phosphoric acid insoluble (in water and ammonium citrate) in mixed

3.00 3.00
2.00 2.00

fertilizers.

PotJish as sulfate (free from chloride), . 6.00 6.00

A comparison of the market costs of the different essential

ingi-edients of plant food for 1904 with the previous year

shows the following variation : nitrogen in the form of

nitrates is a cent higher per pound ; the higher grades of

organic nitrogen, including nitrogen classed in high-gmdc

mixed fertilizers, are half a cent higher in cost than for the

year 11)08 ; the cost of the different forms of phosphoric acid

and potassium oxide remains the same as in the previous year.

As in the past, the above schedule of trade values was

adopted bv representatives of the ^Massachusetts, Connecti-

cut, Khode Island, Maine, Vermont and New Jersey experi-

ment stations, at a conference held during the month of

March, 1904, and is based upon the quotations in ton lots of

the leadinor standard raw materials furnishinsr nitroiren,

phosphoric acid and potash, and which go to make uj) the

bulk of our commercial fertilizers. These quotations are

taken from the fertilizer markets in centres of distribution

in New England, New York and New Jersey during the six

months preceding March, 1 904.

Table A, on the following page, gives the average analysis

of officially collected fertilizers for 1904; Table B gives a

compilation of analyses, showing the maximum, minimum
and average percentages of the different essential ingre-

dients of plant food found in the special crop fertilizers, so

called, put out by the different manufacturers during the

season of 1904.
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A study of Tabic B teaches the same lessons as in the

past. It is a much safer phin to study our fertiHzer bulle-

tins, when selecting a supply of commercial fertilizers, than

to depend upon mere trade names. Oftentimes the fertilizer

costing the most per ton is the cheapest and most economical

fertilizer to use if applied to the soil intelligently. Every

farmer should know the requirements of his soil, in order to

judiciously select his supply of fertilizers. No iron-clad

rule can be laid down for selecting fertilizers, as conditions

vary so widely on different soils ; it is safe to sa}^ however,

that for general use those fertilizers should be purchased

which furnish the greatest amount of the three essential

elements of plant food in a suitable and available form for

the same money.

List of Manufacturers and Dealers lolio have secured Certificates for the

Sale of Commercial Fertilizers in the State during the Past Year

(May 1, 1904, to May 2, 1905), and the Brands licensed by Each.

The American Agricultural Chemical Co.,

Boston, Mass. :
—

Brightman's Fish and Totash.

Double Manure Salt.

Dissolved Bone-black.

Dried Blood.

Dry Ground Fish.

Fine-ground Bone.

Fine-ground Tankage.

Grass and Lawn Top-dressing.

Ground South Carolina Phosphate.

High-grade Fertilizer with Ten I'er

Cent. Potash.

High-grade Sulfate of Potash.

Kainit.

Muriate of Potash.

Nitrate of Soda.

Plain Superphosphate.

Tobacco Starter and Grower.

The American Agricultural Chemical Co.

(Bradley Fertilizer Co., branch), Bos-

ton, Mass. :
—

Abattoir Bone Dust.

Bradley's Complete Manure for Corn
and Grain.

Bradley's Complete Manure for
Onions.

Bradley's Complete Manure for Pota-

toes and Vegetables.

Bradley's Complete Manure for Top-
dressing Grass and Grain.

Bradley's Complete Manure with Ten
Per Cent. Potash.

Bradley's Corn Phosphate.
Bradley's Eclipse I'hosphate.

The American Agricultural Chemical Co.

(Bradley Fertilizer Co., branch), Bos-

ton, Mass. — Con.

Bradley's English Lawn Fei'tilizer.

Bradley's Niagara Phosphate.

Bradley's Potato Fertilizer.

Bi-adley's Potato Manure.

Bradley's Seeding-down Manure.

Bradley's X L Superphosphate.

Columbia Fish and Potash.

Church's Fish and Potash.

The American Agricultural Chemical Co.

(11. J. Baker & Bro., branch), New
York, N. Y. :

—
Baker's A A Ammoniated Phosi)hate.

Baker's Complete Potato INlanure.

The American Agricultural Chemical Co.

(Clark's Cove Fertilizer Co., branch),

Boston, Mass. :
—

Clark's Cove Bay State Fertilizer.

Clark's Cove Bay State Fertilizer, G G.

Clark's Cove Great Planet Manure.

Clark's Cove King Philip Guano.

Clark's Cove Potato Fertilizer.

Clark's Cove Potato Manure.

The American Agricultural Chemical Co.

(Crocker Fertilizer and Chemical Co.,

branch), Buffalo, N. Y.: —
Crocker's A A Complete Manure.

Crocker's Corn Phosphate.

Crocker's Potato, Hop and Tobacco

Phosphate.
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The American A<?ri( ultural Chemical Co.

(Cumberland Bone Phosphate Co.,
branch), Boston, Mass. :

—
Cumberland Potato Fertilizer.

Cumberland Superphosphate.

The American Agricultural Chemical Co.

(L. B. Darling Fertilizer Co., branch),

Pawtucket, R. I. :
—

Darling's Blood, Bone and PoUish.

Darling's Complete Ten Per Cent.

Manure.
Darling's Farm Favorite.

Darling's General Fertilizer.

Darling's Potato and Root Crop
Manure.

Darling's Potato Manure.
Darling's Tobawo Grower.

Tlie American Agricultural Chemical Co.

(Greiit Eastern Fertilizer Co., branch),

Rutland, Vt.:—
Garden Special.

General Fertilizer.

Grass and Oats Fertilizer.

Northern Com Special.

Vegetable, Vine and Tobacco.

The American Agricultural Chemical Co.

fPacillc Guano Co., branch), Boston,

Mass. :
—

Pacillc High-grade General.

Pacific Nobsque Guano.
Pacific PoUito Special.

Soluble Pacific Guano.

The American Agricultural Chemical Co.

(Packers' Union Fertilizer Co., branch),

Rutland, Vt. :
—

Animal Corn Fertilizer.

Gardener's Complete Manure.

PotiUo Manure.
Universal Fertilizer.

Wheat, Oats and Clover Fertilizer.

The American Agricultural Chemical Co.

(Quinnipiac Co., branch), Boston,
Mass. :

—
Quinnipiac Climax Phosphate.

Quinnipiac Corn Manure.
Quinnipiac Havana Tobacco Fertil-

izer.

Quinnipiac Market-garden Manure.
Quinnipiac Onion Manure.
Quinnipiac Phosphate.

Quinnipiac Potato Manure.
Quinnipiac Potato Phosphate.

The Ameri<mn Agricultural Chemical Co.

(Read Fertilizer Co., branch). New
York, N. Y.:—
Read's Farmers' Friend.

Read's High-grade Farmers' Friend.

Read's Practical Potato Special.

Read's Standard.

Read's Vegetable and Vine.

The American Agricultural Chemical Cu.

(Stiindard Fertilizer Co., branch), Bus-

ton, Mass. :
—

Standard Complete Manure.
Standard Fertilizer.

Standard Guano.
Standard Special for Potatoes.

The American Agricultural Chemical Co.

(Henry F. Tucker Co., branch), Boston,

Mass. :
—

Tucker's Original Bay State lione
Superphospliate.

Tucker's Special I'otato Fertilizer.

The American Agricultural Chemiciil

Co. (Williams & Clark Fertilizer Co.,

branch), Boston, Mass: —
Williams & Clark's Americus Phos-

phate.

Williams & Clark's Corn Phosphate.
Williams & Clark's High-grade Spe-

cial.

Williams & Clark's I'otato Manure.
Williams & Clark's PotJito Phosi)hate.

Williams & Clark's Prolific Crop Pro-

ducer.

Williams & Clark's Royal Bone Phos-
l)hate.

The American Agricultural Chemical Co.
(M. E. Wheeler & Co., branch), Rut-
land, Vt. :

—
Corn Fertilizer.

Bermuda Onion Grower.
Grass and Oats Fertilizer.

Havana Tobacco Fertilizer.

PotJito Manure.

W. H. Abbott, Holyoke, Mass.:—
Animal Fertilizer.

Eagle Brand.

Tobacco Fertilizer.

The Abbott & Martin Rendering Co.,
Columbus, O. :

—
Abbott's Tobacvo and Potato Special.

Harvest King.

Ideal Grain Grower.

The American Cotton Oil Co., New York.

N. Y. :
—

Cotton seed Meal.

Cotton-seed Hull Ashes.

American Linseed Co., New York, N. Y. :
—

Cleveland Flax Meal.

Armour Fertilizer Works, Baltimore,

Md.:—
All Soluble.

Ammoniated Bone with Potash.

Bone Meal.

Blood. Bone and Potash.

Grain Grower.

High-grade Potiito.
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Castor I'uinjii'O.

Hcach Soap Co., Lawrence, Mass, :
—

Heaeh's Advance Brand.

Beach's Fertilizer Bone.

Beach's Reliance.

Beach's Universal.

Berkshire Fertilizer Co., Bridgeport,
Conn. :

—
Berkshire Complete Fertilizer.

Berkshire Ammoniated Bone IMnjs-

l)hate.

Berkshire Potato and Vegetable Phos-

phate.

Joseph Breck «fe Sons, Boston, IVIass. :
—

Breck's Lawn and Garden Dressinir.

Breck's Market-garden Manure.

Bowker Fertilizer Co., Boston, Mass. :
—

P>one, Blood and Potash.

Bowker's Anunoniated Food for Flow-

ers.

Bowker's Bone and Wood Ash Fer-

tilizer.

Bowker's Complete Mixture.

Bowker's Double Jfanure Salts,

liowker's Farm and Garden Phos-

phate.

Bowker's Fish and Potash (Square

Brand).

Bowker's Ground Bone.
Bowker's High-grade Fertilizer.

Bowker's Hill and Drill Phosphate.

Bowker's Kaiuit.

Bowker's Lawn and Garden Dressing.

Bowker's Potato and VegetJible Fer-

tilizer.

Bowker's Potash Bone.

Bowker's Market-garden Fertilizer.

Bowker's Potato and Vegetable Phos-

phate.

Bowker's Soluble Animal Fertilizer.

Bowker's Special Onion Manure.
Bowker's Superphosphate.

Bowker's Sure Crop Phosphate.

Bowker's Tankage.
Bowker's Ten Per Cent. Manure.
Bowker's Tobacco Ash Fertilizer.

Bowker's Tobacco Starter.

Bristol Fish and Potash.

Corn Phosphate.

Dissolved Bone-black.

Dried Blood.

Early Potato Manure.
Fine Dry Ground Fish.

Fish and Potash (D Brand).

Gloucester Fish and Potash.

Muriate of Potash.

Nitrate of Soda.

Stockl)ridge Special Manures.
Sulfate of Ammonia.

Bowker Fertilizer Co., Boston, .Muss.

—

Con.

Sulfate of I'otash.

Tobacco Ash Klements.

Wood Ashes.

T. II. Bunch, Little Rock, Ark.:—
Cotton-seed Meal.

Cliarles M. Cox & Co., Boston, Mass. :
—

(Jotton-seed Meal.

Chicopee Rendering Co., Springfield,

Mass. :
—

Pure Ground Bone.

Complete Animal Fertilizer.

Lawn and Garden Dressing.

Tankage.

E. Frank Coe Co., New York, N. Y. :
—

American Farmers' A m m o n i a t e d

Bone.

American Farmers' Complete Alanure.

American Farmers' Corn King.

American Farmers' Grass and (irain.

American Fanners' Market-garden

Special.

Columbian Corn Fertilizer.

Columbian Potato Fertilizer.

E. Frank Coe's F P Fish and Potash.

E. Frank Coe's Gold Brand Excel-

sior Guano,
E. Frank Coe's High-grade Ammo-
niated Bone Superphosphate.

E, Frank Coe's Nitrate of Soda.

E. Frank Coe's Tobacco and Onion
Fertilizer.

Celebrated Special Potato.

Excelsior Potato Fertilizer.

New Euglander Corn Fertilizer.

New Englauder Potato Fertilizer.

Red Brand Excelsior Guano.

XXX Ground Bone.

John C. Dow & Co., Boston, INIass. :
—

Dow's Pure Ground Bone.

Eastern Chemical Co., Boston, ^lass. :
—

Imperial Grass Fertilizer.

Imperial Plant Food.

William E. Fyfe & Co., Clinton, Mass :
—

Canada Unleached Hard-wood Ashes.

R. & J. Farquhar & Co., Boston, Mass. :
—

Clay's London Fertilizer.

Thompson's Improved Vine, Pl.ii^t

and Vegetable Manure.

Hargraves Soap Co., Fall River, Mass. :
—

Ground Bone Fertilizer.

The Hardy Packing Co., Columbus, O. :
—

Hardy's Complete Manure.

Hardy's Tankage, Bone and Potash.

Hardy's Tobacco and Potato S[)ccial.
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C. W. Hastings, Cambridgeport, Mass.:—
Ferti Flora.

Thomas Hersom A Co., New Bedford,

Mass. :
—

Bone Meal.

Meat and Bone.

John Joynt, Lucknow, Can. :
—

Pure Canada Unleached Hard wood

Ashes.

Lister's Agricultural Chemical Works,

Newark, N. J. :
—

Lister's Animal Bone and Potash.

Lister's High-grade Special.

Lister's Oneida Special.

Lister's Potato Manure.

Lister's Si)ecial Corn.

Lister's Special Potato.

Lister's Success Fertilizer.

Lowell Fertilizer Co., Boston, Mass. :
—

Acid Pho:»phate.

Muriate of Potash.

Nitrate of Soda.

Swift's Lowell Animal Brand.

Swift's Lowell Bone Fertilizer.

Swift's Lowell Dissolved Bone and

Potash.

Swift's Lowell Dissolved Bone-black.

Swift's Lowell Empress Brand.

Swift's Lowell Ground Bone.

S\vift'8 Lowell Lawn Dressing.

Swift's Lowell Market Garden.

Swift's Lowell Potato Manure.

Swift's Lowell Potato Phosphate.

Swift's Lowell Tankage.

George E. Marsh & Co., Lynn, Mass. :
—

Pure Bone Meal.

Mapes Formula and Peruvian Guano Co.,

New York, N. Y.: —
Average Soil Complete Manure.

Cauliflower and Cabbage Manure.

Complete Manure (A Brand).

Complete Manure for General Use.

Complete Manure Ten Per Cent.

Potash.

Corn Manure.
Economical Potato ^lanure.

Fruit and Vine Manure.

Grass and Grain Spring Top-tlressing.

Lawn Top-dressing.

Potato Manure.
Tobacco Ash Constituents.

Tobacco Manure Wrapper Brand.

Tobacco Starter Improved.
Top-dressing Improved, One-half

Strength.

Vegct;iblo Manure or Complete Manure
for Light Soils.

D. M. Moulton, Mongon, Mass.:—
Ground Bone.

National Fertilizer Co., Bridgeport,

Conn.:—
Chittenden's Ammoniated Bone.

Chittenden's Complete Fertilizer.

Chittenden's Fish and Potash.

Chittenden's High-gr:ide SpeciaL

Chittenden's Market Garden.

Chittenden's Potato Phosphate.

Chittenden's Tobacco Manure.

New England Fertilizer Co., Boston,

Mass. :
—

Corn Phosphate.

Potato Fertilizer.

Superphosphate.

Olds & Whipple, Hartford, Conn. :—
Complete Tobacco Fertilizer.

Vegetable' Potash.

R. T. Prentiss, Holyoke, Mass.:—
Complete Fertilizer.

Parmenter & Polsey Fertilizer Co., Pea-

body, Mass. :
—

A A Brand.

Acid Phosphate.

Lawn Dressing.

Grain Grower.

Muriate of Potash.

Nitrate of Soda.

P. & P. Potato.

Plymouth Rock Brand.

Special Fertilizer for Strawberries.

Special Potato.

Sulfate of Potash.

•Tacob Reese, Darby, Penn. :—
Odorless Slag Phosphate.

Rogers & Hubbard Co., Middletown,

Conn. :
—

Hubbard's All Soils and All Crops
Fertilizer.

Hubbard's Com Phosphate.

Hubbard's Grass and Grain Fertilizer.

Hubbard's Oats and Top-dressing.

Hubbard's Potato Phosphate.

Hubbard's Pure Raw Knuckle Bone
Flour.

Hubbard's .Soluble Com.
HuV)bard's Soluble Potato Manure.
Hubbard's Soluble Tobacco Manure.

Hubbard's Strictly Pure Fine Bone.

Rogers Manufacturing Co., Rockfall,

Conn.: —
All Round Fertilizer.

Complete Com and Onion.

Complete Fish and Potash.
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Rogers ManuJacturiiif^ Co., llockrall,

Conn. — Con.

Complete Totiito and Ve.icetable.

High-grade Grass and Grain,

lligii-grade Oats and Top-dressing.

High-grade To))acco and Potato.

High-grade Soluble Tobacco.

Nitrate of Soda.

Pure Fine-ground Bone.

Ross Tiros., Worcester, INIass. :
—

Ross lirotiier's Lawn Dressing.

N. Roy & Son, South Attleborougli,

]\Ias8. :
—

Complete Animal Fertilizer.

Russia Cement Co., Gloucester, Mass. :
—

Essex Complete Manure for Corn,

Grain and Grass.

Essex Complete ftfanure for Potatoes,

Roots and Vegetables.

Essex Corn Fertilizer.

Essex Dry Ground Fish.

Essex A I Superpliosphate.

Essex Market Garden and Potato

Manure.
Essex Odorless Lawn Dressing.

Essex Rhode Island Special for Pota-

toes and Roots.

Essex Special Tobacco Manure.
Essex Tobacco Starter.

Essex XXX Fish and Potasli.

Muriate of Potash.

Nitrate of Soda.

Salisbury Cutlery Handle Co., Salisbury,

Conn. :
—

Fine Bone.

M. L. Shoemaker & Co., Limited, IMiila-

delphia, Penn. :
—

Swift Sure Superpliosphate for Gen-
eral Use.

Swift Sure Bone Meal.

Sanderson's Fertilizer and Ciiemical Co.,

New Haven, Conn.: —
Sanflerson's Corn Superphosphate.

Sanderson's Fine-ground Fisli.

Sanderson's Fonnula A.

Sanderson's Formula li.

Sanderson's Sulfate of Potasli.

Sanderson's Potato Manure.
Sanderson's Special witli Ten P»!r

Cent. Potash.

Sanderson's Top-dressing for (;rass

and Grain.

Thomas L. Stetson, Randolpli, Mass.: —
Bone Meal.

J. Stroup, Son & Co., Boston, INLnss. :
—

Canada Hard-wood Unleached Aslies.

A. L. Warren, Nortliborough, Mass. :
—

WaiTen's Ground Bone.

The Whitman & Pratt Rendering Co.,

Lowell, Mass. :
—

Whitman & Pratt's All Crops.

Whitman & Pratt's Corn Success.

Wliitman & I'ratt's Potato Plowman.
Whitman & Pratt's Pure Ground Bone.

^nicox Fertilizer Works, Mystic, Conn. :
—

Complete Bone Superpliosphate.

Dry Ground Fish.

Fish and Potash.

High-grade Tobacco Special.

Potato Fertilizer.

Potato, Onion and Vegetable.

Sanford Winter, Brockton, Mass.:—
Pure Fine-ground Bone.

J. M. Woodard & Bro., Greenfield,

Mass. :
—

Tankage.

A. H. Wood & Co., Framingham, Mass. :
—

A A Brand.

B B Brand.

C C Brand.
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Part II.— Report ox General Work in the

Chemical Laboratory.

C. A. GOESSMANN.

1. Analyses of materials forwarded for examination.

2. Notes on wood ashes and lime ashes.

3. Notes on ])liosphatic slag and experiments witli native

phosphates.

1. Analyses of Materials forwarded for

examlxatiox.

This department of our work has been of the same genei-al

character as in i)ast years. We have received during the

season 2<S3 samples of miscellaneous substances from farmers

within our State for analysis ; this is 48 more than was re-

ceived during the season of 1903.

As far as time and facilities permit, we have devoted our

attention to the examination of this class of materials, the

substances being taken up for analysis in the order of their

arrival at this otiice. During the season of the official in-

spection of commercial fertilizers, April 1 to November, our

time is so completely occupied that Avork in this class of

general materials, for the benefit of individual farmers, has

to give place, in a measure, to the control work of inspec-

tion. For this reason we would urge those sending samples

for free analysis to forward them, so far as possible, between

November 1 and April l,thus insuring more prompt reports

in results of analysis.

As in the past, we have taken an active part in the technical

work of the Association of Official Agricultural Chemists for

the establishment of new methods of analysis. Many deter-

minations were made on samples forwarded by the association

to test the efficacy of several new methods of, determining

potash and the various forms of phosphoric acid.
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Followino- is a list of materials forwarded b\ I'armei-s and
at^rieultuml organizations durini^ the season of UJ()4 :

AVood asluis,

Sails, ....
Complete fertilizers,

Lime ashes, .

Tankage,

(jround bone,

Nitrate of soda,

Miscellaneous substances.

Low-grade sulfate of potash,

Muck, ....
Meadow mud.

Cotton-seed meal,

Dry groiuid fish, .

Mill refuse, .

Manure,

Acid phosphate, .

Peat, ....
( 'otton-huU ashes.

Muriate of potash.

Lime, . . . . ,

Dissolved bone-black, .

Cotton-seed droppings,

Cotton-seed dust, .

Sulfate of ammonia.

Carbonate of potash,

Phosphatic slag, .

50

47

32

14

10

9

8

9

7

7

7

G

5

5

5

4

4

3

3

3

3

2

2

2

2

2

St(\'imed Itone,

Wool dust, ....
\A'ool waste,

Dried blood,

Sewage,
. • . .

Pulp ashes, ....
Cotton compost, . .

Carbonate of i)otash-maguesia,

Silicate of potasli,

High-grade sulfate of potash.

Nitrate of potash, .

Belgian phosphate.

Raw Ijone, .

Dissolved bone.

Lime and nitrate of soda,

Guinea pig manure,

Liquid manure,

Sheep manure,

Lime refuse from tannery

Waste lime, .

Granulated lime,

Plaster,

Raw hide dust,

Cocoa shells.

Dandelion roots.

Clover roots,

2. Notes on Wood Ashes and Lime Ashes.

(a) Wood Ashes. — Seventeen and one-half per cent, of

the materials forwarded for analysis during the season have

been wood ashes, being about the same proportion as that

for the year 1903. The following abstract of results of

analysis shows their general chemical (diaracter, also a com-

parison in results of analysis \vith the previous year 1903 :
—
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Analysisi of Wood Ashes.

XUMBEK OF .SAMPLK.S,

1903. 1904.

11 18

14 Uj

'.) 8

3

2 2

4 8

8 6

PoUissium oxide from 4 to 5 per cent., 12 12

8 10

34 30

riiospljoric acid al)ove 2 per cent., none 3

12

Average per cent, of calcium oxide (lime), 20. 3J) .30.16

6

12 18

17 20

Tabic showing the Maximum, Minvnum and Average Per Cents, of the

Different Ingredients found in Wood Ashes for the Seasons of 1003
and 1904.

Maximum. Minimum. AVEKAGE.

1003. 1904. 1903. 1904. 1903. 1904.

Moisture, .... 37.34 37.85 2.27 none 15.23 14.42

TotJissium oxide, 8.15 11.04 1.68 .80 4.76 4.51

I'hosphoric acid, 1.80 6.07 .46 .28 1.37 1.37

Calcium oxide, . 35.75 42.86 22.33 19.73 29.39 30.16

Insoluble matter. 28.85 47.21 1.40 4.56 15.07 18.35

From the above tables it will be seen that the percontaije

of potassium oxide in the wood ashes received during the

season is, on the average, somewhat less than for the pre-

vious season . The average of phosphoric acid is the same

;

while the average percentage of lime is somewliat higher

than for 1903.
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A study of these tables will eiiiphasize the importance of

buying this class of material on a statement of a guaranteed

composition. A\^e would urge all parties to ask for a posi-

tive guarantee of the amount of potassium oxide, phosphoric

acid and calcium oxide (although our State law does not

oblige the manufacturer to guarantee the latter element, it

should be required when buying this class of fertilizers) said

to be contained in this or similar classes of fertilizers. We
would also advise all parties to patronize those dealers and

importers who have complied with our State laws by secur-

ing a license for the sale of their article in Massachusetts.

It is only in this way that protection by our State laws can

be secured.

(h) Lime AsJiefi. — What has been said regarding wood

ashes applies with equal force to lime ashes. They should

always be bought on a statement of the guarantee of lime,

potash and phosphoric acid which they contain, as they are

more apt to vary ^videly in chemical composition than even

wood ashes.

Table showmg the Maximtim, Minijnmm and Avei'age Per Cents, of the

Different Ingredients found in Lime Ashes for the Seasons of 1903
and 1904.

Maximum. Minimum. Average.

1903. 1904. 1903. 1904. 1903. 1904.

Moisture, ....
I'ot issium oxide,
riiospliorie acid,
Calcium oxide, .

Insoluble matter.

23.16
3.32
i.m

5.5.44

26.50

36.62
2.46
1.48

55.24
25.47

10.47
.76
.03

32.42
1.10

none
.06

trace
21.92
2.76

15.66
1.86
.63

41.15
6.46

10.88
1.54
.74

42.93
8.11

From the above comparison it will be seen that the lime

ashes during the present season analyzed a little higher in

lime and a little lower in potash than in 1903.

3. Notes on Phosphatic Slag and Experiments with

Native Phosphates.

In one of our previous annual reports (thirteenth annual

report, 1901, of Hatch Experiment Station of Massachusetts

Agricultural College, pp. 68-70) we have discussed in detail

the history and timely appearance of the basic slag phosphate
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in our oreneml markets. In this article we pointed out the

special modes of analysis that were in use in testing this

material, also certain changes that have taken place in many

localities in preparing the phosphatic slag by the addition

of silica in a fusing process to change the free lime Avhich is

present in the slag to a silicate of lime, thus showing, it is

claimed, a larger percentage of available phosphoric acid.

Samples of phosphatic slag have been collected in our

general markets during the past year. This Avould indicate

that this class of material was claiming the attention of agri-

culturists more than in the past. The extensive introduction

of .new methods of iron manufacture has largely increased

the supply of i)hosphatic slag. Results of field experiments

have shown the superior value of this material and demon-

strated its fitness as a manurial matter. In view of th(^

above fiicts, we have again taken this subject up for dis-

cussion.

The following table gives the results of analysis of samples

of phosphatic slag made at the laboratory during H)04, in

comparison with the avei-age of anah'ses of slags made at

the station in years past. Sami)le I. was imported from

England in 1!)04; Sample II. was collected in our general

markets during the spring of 1904; Sample HI. was the

average of all })revi()us analyses made at the station.

A?inl'/sis of SttmplcK {Per Cent.).

Sample I. Sample II. Sample III.

.16 none .99

18.61 20.5-2 20.61

Available phosphoric arid 4.96 4.0;-)

Insoluble phosphoric acid, .... 15.56 19.02

Calcium oxide, 60.58 46.78 50. S2

18.78 6.69

From the results of the above compilation of anal^^ses it

will be seen that the present phosphatic slag does not differ

materially from that of the past. The two samples analyzed

during the year showed the presence of free lime, which fact

was recognized and the mode of analysis was so modified as to
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counteract the action of the free lime bofon; subjecting the

samples to the usual treatment with neutral citrate of am-

monia for the dermination of the available phosphoric acid.

The attempt to imitate the phosphatic slag, by fusing

ai)atite with soda ash at 600^ to 800° C, Avas mentioned in

our previous annual report. Observations have been ex-

tended along this line during recent years by fusing natural

phosi)hates Avith carnallite and kieserite for ten to fifteen

minutes, at a temperature of 650° to 800° C. This treat-

ment gave a compound analyzing :
—

Per Cent.

Total pliosplioric acid, ...... 20.71

Phosphoric acid soluble in 2 per cent, citric acid

solution, . . . . . . . .15.23
Calcium oxide, ....... 9.92

Magnesium oxide, . . . . . .10.20
Potassium oxide, . . . . . . .6.85
Chlorine, 16.47

It was reported that the effect of this fertilizer on oats and

l)eas was somewhat superior to phosphatic slag, as regards

the yield of grain.

Another substitute for slag phosphate is described by

Prof. P. Wagner : 100 parts of coarseh^ crushed phosphorite

is fused with 70 parts of acid sodium sulfate ; 20 parts of

calcium carbonate, 22 parts of sand and 6 to 7 parts of coal;

this gave a product testing 15.7 per cent, phosphoric acid,

practically all of which was soluble in citric acid solution.

Pot experiments were conducted on oats, grown on loam

soil, by the aid of this mixture, alongside of similar experi-

ments conducted with a superphosphate testing 17.7 per

cent, water-soluble phosphoric acid and 18.9 per cent, total

phosphoric acid and phosphatic slag, testing 18 per cent,

citric acid soluble phosphoric and 19.9 per cent, total i)hos-

l)horic acid. The fused mixture gave as quick-acting and

effective results as the superphosphate, and also gave results

superior to the basic slag phosphate.

During the winter of 1902 Mr. H. D. Haskins of this

department made some interesting experiments in fusing

Canadian apatite with a mixture of sodium and potassium

carbonates. The ai)atite was a high-grade material, testing
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31.22 per cent, phosphoric acid and 51.74 per cent, calcium

oxide. His experiments were conducted as follows : 1 part

of the apatite was fused with 4 parts of a mixture composed

of 23 parts of sodium carbonate and 39 parts of potassium

carbonate. The resulting mass was extmcted with water,

and showed a test of 3.68 per cent, water-soluble i)hosphoric

acid. The residue, upon treatment with ncuti*al citmte of

ammonia, shoAved a test of 26.78 per cent, of reverted phos-

phoric acid, leaving only .76 per cent, of i)hosphoric acid in

an insoluble form. In another experiment 1 i)art of the

apatite was fused with 1.15 parts of the same fusing mixture,

this amount of sodium and })()tassium carbonate beiiiir theo-

retically necessary to convert all of the phosphoric acid into

phosphates of soda and potash. The resulting mass showed

2.56 per cent, of water-soluble phosphoric acid, 15.1)6 ])er

cent, of reverted phosphoric acid and 12.70 per cent, of in-

soluble phosphoric acid. Mr. Ilaskins also made experi-

ments to ascertain to what extent the phosphoric acid in

apatite would become available if boiled Avith a solution of

sodium and potassium carbonate. Several strengths of

solution were used, but only traces of phosphoric acid were

dissolved, the residue in no case showing over 1.08 per cent,

available i)hosphoric acid. From the above observations it

will appear that great fields are opened for a more extensive

use of our natural phosphates when introduced in a suitable

form by some fusing process.

In conclusion, we must say that the consumption of com-

mercial fertilizers is ever on the increase, and it is a c^reat

satisfaction to feel that apparently the increased consump-

tion of fertilizers is more than off-set by the prosjiective

increase in natural supplies. The increased production of

sulfate of ammonia from improved methods in the manufac-

ture of coke from bituminous coal, the recent discoveries of

new potash deposits in Saxony, Ger., as well as the recent

reported discovery of nitrate of soda beds along the Pacific

coast in the United States, jiU furnish pleasant reflections

for the future of American agriculture.
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REPOKT OF THE ENTOMOLOGISTS.

C. II. FERNALD, 11. T. FERNALD.

A number of different lines of investigation have been

begun or continued during the year 1904, in addition to

what may be termed the routine work of the division.

Experiments to determine the best treatment for the San

Jose scale, begun at this station in 1902, have been con-

chided, at least for the present, as they have resulted in so

thoroughly freeing the college orchard from this pest as to

leave no material for further experiment. It is true that

the scale is not exterminated, but it is present in such small

numbers that several years must elapse before the orchard

will become so reinfested as to be of any value for experi-

mental purposes. On the other hand, it is impossible under

present conditions to attempt experimental work elsewhere,

and therefore this line of research is at least temporarily

suspended.

A number of private preparations claiming to be useful

as insecticides have been tested during the 3'ear, with vary-

ing results ; but none have thus far been found Avhich appear

to be of great value. Whether it is worth while to take the

large amount of time necessary for these tests, when the

results, if they should ever by any chance prove valuable,

would practically only produce free advertising to those

manufacturing them, is certainly questionable, particularly

as scarcely any of these substances are made by residents of

this State.

The codling moth is now treated by spraying during the

egg-laying period of this insect. In the west there are

several broods of this pest each year, but in Massachusetts

there seems to be much uncertainty on this point. For two

years observations have been conducted to determine the
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num])er of broods of this insect, and the proper times at

which to spray the trees in order to obtain the best results.

The difference in seasons is of course a factor in the deter-

mination of these points, and renders it necessary that the

work be continued for a term of years before final results

can be obtained.

The oyster-shell scale can easily be controlled b}^ mild

sprays if these are applied at the right times, but two years

ago no one in Massachusetts seemed to know just that time.

In States but a short distance south this pest has two broods,

and it has been doubtful whether there were not two here

also. In order to determine these questions, careful obser-

vations have been made during the last two years, and must

be continued for several more in order to obtain reliable

results.

For nearly three months of the year all the spare time

of the entomologists was devoted to the preparation of an

exhibit for the Louisiana Purchase Exposition, taking time

which could otherwise have been devoted to experimental

work. The nature and scope of this exhibit has been pre-

sented elsewhere, and need not be given here.

During the colder months of the 3'ear experimental work

is practically impossible, and this time is made use of in

putting together the results of previous investigations, and

drawing conclusions from them ; in classifying and arrang-

ing the materials gathered and received during the summer :

in solving the more complex problems connected with cas<

of injury diflScult to reach and control by ordinarj^ means
;

and in original investigations of various kinds.

The correspondence Avith residents of the State requires a

large amount of time. In 1903 this was less than usual,

the reasons for it being considered in the last report. This

year it has resumed its normal quantity, about 1,500 in-

(juiries having been received and answered by letter, or by

sending printed information on the topics concerned.

Particular effort has been made to obtain samples of the

injuries caused by insects, these being often markedly char-

acteristic, and therefore of the greatest utility in a collection

so constantly referred to.
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The card catalogue has now been installed in a new case,

capable of holding 90,000 cards, and is in constant use; in

fact, it is probably the most useful single piece of api)aratus

in the possession of the division. Additional cards are con-

stantly being added as new literature is published.

Insects of the Year.

The unusually cold weather during the Avinter of 1903-0 1,

together with a few sudden and marked fluctuations of the

temperature, was not without its efiect upon insect life, as

was shown last summer, though perhaps less than might have

been expected.

The San Jose scale was destroyed in large numbers by the

winter-killing of trees, and to some extent on those which

survived the winter. This demonsti*ates that this insect is

not entirely hardy during severe winters in this latitude.

Unfortunately, enough succeeded in living to produce many
young during the summer, so that this insect is now some-

Avhat more abundant than it was a year ago. It is generally

distributed over the State east of the western slopes of

the Connecticut valley, but seems not to have penetrated

the Berkshire hills to any great extent. Spraying with the

lime-sulphur mixture for this pest has been made use of by

many fruit growers and others, and has proved to be an

excellent method for its control.

Plant lice and root maggots have been fairly abundant

this year, due perhaps to their great increase during 1903

enabling them to have so many descendants that a larger

number than usual succeeded in passing the Avinter.

The Avhite fly (Alef/rodes) in greenhouses has apparently

spread in all directions, complaints of the destruction it has

caused having been received from all })arts of the State.

The red spider (Tetmnf/chiis, spp.) has also been very

abundant, both in greenhouses and outside, where a charac-

teristic brownish tinge on the leaves of affected plants has

often been very noticeable.

The usual amount of correspondence about the treatment

for ants in houses and on lawns, about cut-worms, Avire

worms, the oyster-shell and scurfy scales and the various
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soft scales, iiidicatcs tliat these pests have been as abundant

tw ever, and timt many people are still entirely ignorant of

the apiH'aranee of their commonest insect foes.

The brown-tail moth has continued to spread over the

State, and has been found in Lunenburg, Clinton and Whit-

man, by the State nursery inspectors. This indicates that

the insect is spreading westward rapidly, and that it will be

present in all parts of Massachusetts within a very few years.

During the middle of July, wliile the moths were flying, it

was noticeable^ that they were attracted to light, many being

destn)yed by flying into open arc lights on the streets, in

some cases falling to the ground below the lights in such

numlMTs US to form heaps of noticeable size.

It has usually been believed that the amount of feeding

done by these insects in the fixll was so slight that it could

bo ignor(>d. This year, however, the caterpillars, after

hati'hingand even after forming their tents, fed so much that

where they were abundant all the foliage was skeletonized

and turned brown. This was very noticeable in parts of

Belmont, Arlington, AVinchester and elsewhere. After the

pear and apple, oaks seemed to be a favorite food for this

inse<-t, and the browning of the foliage in places was so

great that newspai)ers called attention to '
' an extra brood "

of this pest, and in some cases discovered that it was " a new

afid hitherto unknown insect" which was causing the injury.

The gypsy moth is now generally distributed over it>

original territory, and in one or two places has spread

iH-yond it. In the districts where it is most abundant, the

destruction it formerly caused whvn unchecked is again

se<Mi, and the result if no means of repression or control

arc taken can e;usily be imagined by any one who has visited

these places. Local organizations in the infested districts

aiv taking action to destroy this and the brown-tail moth,
and are doing splendid work ; but this should be supple-
mented by work on broader lin(\s and with more power than
l«»c:il organizations possess, if lasting results are to be hoped
for.
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EEPORT OF THE AGRICULTURISTS.

WM. P. BROOKS; ASSISTANTS, F. K. CHURCH, S. P.. HASKELL.

The work of the agricaltuml department of the experi-

ment station during the past year has in the main followed

the general lines of investigation which have recently en-

gaged attention. These for the most part are connected

with questions affecting the selection and use of manures and

fertilizers. To give results of value, such experhnents re-

(juire numerous repetitions, because of variation in product

due to seasons and to conditions which we cannot fully con-

trol. In the averages of a series of years the influence of

such variations is in a measure eliminated, and deductions

based upon such averages will serve as a basis in farm prac-

tice.

The work of the past season has involved the care of over

"220 plots in the open field, 150 closed plots and 278 pots in

vegetation experiments.

Our grass garden, which includes 48 species and 7 varie-

ties, most of them occupying 1 square rod of land, has been

oared for as usual. One-half of the area in each species has

been kept constantly lawn-mown, with a view to studying

the probable effects of grazing ; and a considerable number

of species which had become mixed have been renewed,

after paring and burning the old turf for the destruction of

seeds and roots of weeds and other grasses.

Numerous experiments with alfalfa, both on our own

grounds and on the grounds of selected farmers, are in

progress. The results of this work are to be given in a bul-

letin. It suffices for the present to say that we have nowhere

attained results so satisfactory that the extensive sowing of

this crop can be advised ; it must still be regarded as in the

experimental stage.
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A few cultures of nitrogen-a-ssimilating bacteria, sent out

hy the Dei^rtineiit of Agriculture for use with legumes,

have Ix'cn tried, and, so far as can be judged, with disap-

pointing results. A bulletin descriptive of this work and

the results obtained will l)e prepared in due time.

We have increased the scope of our work with the new

and promising varieties of timothy received from Prof. A.

1). Hopkins of the West Virginia Experiment Station, five

Vi'ars ago. Sevenil of these are distinct improvements upon

the ordinary conunercial timothy, and these are being in-

cnniscd as rapidly as possible, for the production of seed

which will later be furnished to selected farmers for trial.

Varietv work with wheat, oats and barley has engaged

considcnible attention. vSoeds of 31 varieties which for a

scries of vwirs had given remarkable crops in the Dominion

of Canada were kindly donated for the purpose by Dr. Wil-

liam Saunders, director, Kxi)erimental Farms of Canada. It

was hoped tliat these northern-grown gi-ains might prove

valual)le, but the results were disappointing. Practically

all varieties were affected by rust, and the yields of most

wen' small. The range of variation in the crops obtained

was as follows : for wheat, at the rate of from 6 to 15 bushels

per acre ; for barley, at the rate of from 6 to bushels

per acre ; for oats, at the rate of from 40 to 55 bushels per

acre. Among the varieties of oats, the Improved Ligowa,

liiivarian, Thousand $ and Wide Awake gave the best yields,

— all in excess of 50 bushels. These varieties would seem

to be worthy of further attention.

The work with poultry has been along the same lines as

la>l vi-ar, the relations of food combinations to egg produc-

tion being the subject under investigation.

The stiitement of results obtained, presented in detail in

this report, does not cover all the experiments in progress.

The princiiml subjects of inquiry discussed, and the more
important results, are as follows :—
I._To determine the relative value of barnyard manure,

nitrate of soda, sulfate of ammonia and dried blood as sources

of nitrogen. The crop of this year was potatoes, and, on
the Uisis of yield, the rank of the nitrogen-furnishing mate-
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rials Ls as follows : barnyard niarmro, niti-atc of soda, dried

blood, sulfixte of ammonia. The nitrate iiinks relatively

lower this yenv than in any previous year of the experiment

except last. On the basis of increases in all the crops grown

since the experiment began, as compared with the no-nitrogen

plots, the materials rank as follows : nitrate of soda, 100
;

barnyard manure, 83. (j ; dried blood, ()().9 ; sulfate of am-

monia, -50.9. In this experiment Ave are also testing the

stubble value to succeeding crops of legumes on the no-nitro-

gen plots. The results of this year indicate the so}' bean

crop stubble to have been of little value.

II. — To determine the relative value of muriate, as com-

pared Avith high-grade sulfate of potash, for field crops. The

results of this j-ear indicate the sulfate to be considerablj'

superior to the muriate both for rhubarb and for cabbages.

III.— To determine the relative value of different potash

salts for field crops. The salts under comparison are high-

grade sulfate, low-gTade sulfate, kainit, muriate, nitrate, car-

bonate and silicate. The crops of this year were cabbages,

field corn and ensilage corn. The most striking results

of the comparison are the relatively very Ioav yield of the

silicate of potash and the relatively high yields obtained on

the nitrate and the carbonate.

IV. — To determine the relative value of phosphates used

in quantities furnishing equal phosphoric acid to each plot.

The crop of this j^ear Avas corn. The most striking result

was the A^ery inferior yield produced on the plot Avhere

Florida soft phosphate is used. This result, in exact agree-

ment Avith results Avith different crops in earlier years, in-

dicates a very Ioav degree of availability for this phosphate.

V.— A. Soil test with corn. The crop of this year, the

sixteenth during which the experiment has continued, Avas

excellent on all plots to Avhich potash has been annually

apphed. Where muriate of potash alone has been continu-

ously used, the yield was at the rate of about 47 bushels

per acre. Where muriate of potash and dissolved bone-

black have been continuously used, the yield Avas at the rate

of 53 bushels per acre, which is the best crop produced on

any combination of fertilizers, and actually exceeds the yii'ld
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on tlic plot where manure lias been annually applied at the

rate of 5 cords per acre. The experhnent strikingly shows

the rrreat iniportjince of the liberal supply of potash in fer-

tilizers for the corn crop. B. Soil test with grass and

clover. The nitrate of soda, whether used alone or in com-

bination, caused a large increase in the first crop. The use

of pota>h without lime had little effect upon the crop.

Wliere potash lias been used contimiously for fifteen years,

with two heavy applications of lime (in 1S99 and li)04), the

effect on the jiroportion of clover and on total yield was

very marked. Th<» most i)rofita])le crop produced by any

fertilizer combination was obtained upon the plot to which

dinsolved iMine-black and muriate of potash have been con-

tinuously applied. On the limed portion of this plot the

yield is at the rate of (5, 100 pounds of hay. The annual

cost of the fertilizers applied to this plot has been $7.50.

VI. — To determine the relative value in crop production

of a fertilizer mixture rich in potash, as compared with one

repnvsenting the average of the special corn fei-tilizers pur-

chasable in our markets. The result of this year is sub-

stantially e»|ual crops under tlie two systems of manuring,

at a cost of nither over per acre less for the combination

of fertilize i*s richer in potash.

Vn.— Todetermine the relative value in corn production

of a mo<lerate api)li( ation of manure alone, as compared with

a smaller application of manure used in combination with
1()0 iM)unds of high-grade sulfate of potash per acre. The
nvsult of this year was crops under the two systems equal in

amount of stover, but an average at the rate of 5 bushels of
gniin per m re less on the combination of manure and potash
than on the manure alone. The difference in crop is not
sutlicient to cover the excess in cost of the larger amount
of manure alone, as compared with the lesser amount of
manure and potash.

\ HI.— To determine the economic result of usin^ in
rotation on gniss lands, the first year, barnyard manure,
H,(X)0 pounds per acre ; the second year, wood ashes, 1 ton
JHTacre; and the third year, bone meal, 600, and muriate
<»f pnta^li. I'OO, pounds pcT acre. The average yield of hay
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during the past season, all three systems of manuring being

represented on a total area of about 9 acres, is at tlie r.ite of

8,050 pounds of hay per acre. T\u) average for the twelve

years during which the experiment has continued (1893 to

1904, inclusive) is 6,718 pounds.

IX.— To determine which is better economy,— to spread

manure as hauled from the stable during the Avinter, or to

place in a large heap to be spread in spring. This ex-

periment Avas repeated in five pairs of plots. The winter

application gave the better yield in three cases, the spring

api)lication in two ; but the difference in the value of the

crop where the spring application gave the larger yield was

not sufficient to cover the difference in the cost of the two

systems of handling the manure, Avhich amounts to $4.80

per acre. The Avinter of 1903 and 1904 Avas exceptionally

favorable to good results from application at that season, as

conditions were such that there Avas no washing OA^er the

surface

.

X. — To determine Avhether the application of nitrate of

soda after the harA^esting of the first crop Avill give a profit-

able increase in the rowen crop. The increases produced

were considerable, but, possibly because of somcAvhat defi-

cient rainfall, Avere not sufficient to make the application dis-

tinctW profitable.

XI. — The variety test of potatoes. Forty-nine varieties

of potatoes w^ere tested. The yield obtained from the differ-

ent A'arieties ranged from 104 bushels of merchantable pota-

toes per acre for the Clinton to 319 bushels of merchantable

potatoes per acre for Simmon's Model. Seven varieties gave

a yield in excess of the rate of 260 bushels per acre, namely :

Simmon's Model, Extra Early White Rose, Great Divide,

Steuben, 1904, Mills' New Rose Beauty. These A\arieties

are mentioned in the order of their productiveness.

XII.— Comparison of difi*erent foods and combinations

of foods furnishins: essential nutrients in different nutritive

ratios for laying hens. The hens Avere supported, at a cost

of about % of a cent per hen daily, on mixtures of food

rich in corn, as compared Avith a cost of about 1/4 of a cent

per hen daily, on mixtures of food rich in Avheat. The food
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co^t IKT egg wjw lowest on the food luixtuivs ccmtaiiiin-

a

lar-o proportion of corn. The coinbii.atioii of feeds includ-

ing a con.Mdrruble portion of riee and rice meal gave the

most Hatisfiic-tory egg yield of any combination tested, but

the cost of rice is too great to make it an economical food

for jM)ultry.

I._Ma\i kks .\\i> Ffrtif-izeiis Fi iiMsinxfj Nith(x;e\

COMI'AKKI). (FlKIJ) A.)

Tlie exi>erinients in Field A have two princii)al olyeets in

view: fii-st, to compare the efficiency (as measured by crop

pnMliiction) of a few standard materials Avhieh may be used

on file farm as sources of nitroireii ; second, to determine to

what extent tlie introduction of a le^nune will render the

application of nitrogen to a succeeding crop of another family

uiuiecessarv. The field includes eleven plots of one-tenth

a^Tc each. A full description of the plan followed will be

found in the twelfth annual report of the Hatch Experiment

Station. The materials furnishing nitrogen under compari-

son are barnyard manure, nitrate of soda, sulfate of anmionia

and dried blood. AVith few and unimportant exceptions,

ea«*h plot has been manured in the same way since 1800.

All the plots anmially receive e(jual and liberal amounts of

mat^Tials supplying l)h()sphoric acid and potash. Tliree plots

in the field liave had no nitrogen applied to them since 1884;

the materials under c()m})aris()n on the other plots in the

lirld are applied in such (piaiitities as to furnish nitrogen at

the rate of 45 pounds per acre to each. Barn^'ard manure
is applied to one plot, nitrate of soda to two, sulfate of am-
monia to three and dried blood to two plots. The potash

applied to these plots is sup^died in the form of muriate to

six plots, namtdy, 1, :i, (>, 7, S and \). It is supplied in the

form of low-gmde sulfate to four plots, namely, 2, 4, 5 and
in. The crops grown in this experiment previous to this

year in the order of their succession have been : oats, rye,
soy lH»ans, oats, soy beans, oats, soy beans, oats, oats,

clover, potatoes, soy beans, potatoes, soy beans.

^

The erop of this year wa>< potatoes. The variety was the
(iriMMi M.Muitain. The s(«ed, which was of Hue (lualitv, was
grown in northern Maine The land was plowed on :May
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o ; manure and fertilizers were a})[)He(l on the Ttli, and tlio

potatoes, which had been soaked in formalin solution for

prevention of scab, were })lante(l on May 11. The crop was

thoroughl}' cared for throughout the season, although there

was some injury from bugs, apparently due to the fact that

the Paris green used for the first spraying on June 27 was

impure. The vines were sprayed three times Avith Bordeaux

mixture and Paris green ; respectively, July 3, 18 and 30.

There was apparent!}^ little injury from blight. The leaves

on the plot to which manure Avas applied retained their green

color considerably longer than those on the other plots. On
September 10 they were estimated to be still about one-half

green, while the proportion still remaining green on other

plots Avas in general estimated to be about one-tenth to one-

eighth. By September 22 the tops were dead, and the pota-

toes were dug between that date and the 29th. The i-ates of

yield on the several plots and the source of nitrogen on each

are shown in the foliowin 2: table :
—

Yield of Potatoes per Acre {Bushels").

Plots. Nitrogen Fertilizers i;sei>.
Mer(5hant-

able.
Small.

0, . Barnyard manure 236.67 41.67

1, . . Nitrate of soda (muriate of potash), .... 190.33 36.00
>2 Nitrate of soda (sulfate of potash), .... 188.17 3:^.50

:li \
'. Dried blood (muriate of potash), 141.3;^ 36.00

4, . 96.33 30.00
5, . . Sulfate of ammonia (sulfate of potash), 157.50 19.17

6, . Sulfate of ammonia (muriate of potash), 102.50 13.3;j

104.33 11.50
S,

'.

Sulfate of ammonia (muriate of potash), 113.50 32.50
141.67 36.17

: Dried blood (sulfate of potjisli), 23J.:« 24.17

The yield on the different plots varies widely, that on the

plot receiving manure being the best in the field, and stand-

ing relatively much higher as compared with the plots re-

ceivinor their nitrooren in the form of a fertilizer than in anv

previous year. It is believed that this result must be in

large measure a consequence of the fact that the application

of barnyard manure tends to maintain the stock of humus

in the soil, and so keeps it in a condition more favorable to

productive capacity. Neither the soy bean nor the potato

leaves a residue which contributes materially to the humus

content of the soil, and no other crops have been grown
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during: tlu' i>a>t five years. Experiments in continuous

lM>tato culture without manures in the Cornell University

KxiR-riment Station liave shown in a striking manner the

dt'iHsndciice of this croi) upon the presence of a suitable

proiM)rtioM of or<rai»ic matter in the soil.i The conuntm

observation that potatoes thrive exceptionally well in virgin

soils and upon sckI land points in the same direction.

The superiority of the yield on Plot 10 also is strikin<>:.

This, in the wriU r s opinion, is due to the fact that the pota-

toes on this plot were covered by hand, while those on the

other plots were covered by the use of tlie plow\ The

potatoes on this plot eanu^ up much more quickly and more

vi^ronmslv than those on the others, and showed decided

>u|x'riority in «rr<>wth from the start.

The aveni«re yields of this year on the several fertilizers

are 4iown in the toHowiiig tiible :
—

FKUTII.IZKKM L'SEI>.
Merchantable
(Bushels).

Small
(Bushels).

\ .• iio nltrofTiMi i)lotfl (3) 114.11 2.5.89
\ iiltniti- of >«>«l!i i»lots (2) is!).*r> 34.75
A ^ • • ,,: l.^.Si 30.0J>
Averaia* u( the ftulfaU) of aminonin plots (3), . 124.50 21.67

As the result of ail experiments previous to this year, it

in found that the materials furnishing nitrogen have produced
ero|>s in the following relative amounts :—

Per Cent.

Nilnitc of s<>«l.i,
. 100.00

H:iniyanl in:inur»\....... 94.00
I>ri«»<l blood. ........ 90.40
Sulfati' of aiiiiiiDMia, ...... 90.30
Xo nitro<^«Mi,........ 72.80

Similar aveniges tor tliis yi.ar are as follows : —
Per Cent.

^Unilo (»f soila 100.00
lianiyanl iiiamin'........ 124.30
DriiMl 1>Umx1, ...... 9G 80
Su1fat43 of aniinonia, 65.30
-NonitrogiMi

(32.50

^

As was the ease last year, the nitrate of soda stands rela-
tivoj^lowcr than in experiments of previous years, although

» KulUtln No. nr., Com 11 Unlvcrsit.v Experiment Station, p. 52.
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it still maintains its superiority as compared with the other

fertilizers furnishing nitrogen. The l)arnjard manure ])ro-

duces a superior crop, not, it is believed, because of the

superior availability of the nitrogen it contains, but, as has

been suggested, because of the better physical condition of

the soil produced by the humus it furnishes.

If we compare the dilierent materials used as sources of

nitrogen on the basis of increase in crop rather than on the

basis of total product, they rank to date for the entire period

of the experiment 1890 to 1904 as follows :
—

lielative Inci'cascs in Yields (^Averayc for the Fifteen Icar.s").

Per Cent.

Nitrate of soda, 100.00

Barnyard manure, . . . . . . . 83.60

Dried blood, 66.90

Sulfate of ammonia, ...... 59.90

These figures make the superiorit}^ of nitrate of soda as a

source of fertilizer nitrogen verj' apparent. In view of tli(>

fact that at current prices it furnishes a pound of nitrogen at

a lower cost than almost any other material, the advisability

of depending chiefly upon the nitrate as a means of supply-

ing the important element nitrogen becomes strikingly evi-

dent.

Effect of a Legume iqjon the FoIJowing Crop.

It is pointed out, in introducing what will be said under

this topic, that the object in this experiment is not to test

the eflect of producing a legume Avhich is plowed under, but

simply the improvement, if any, derived from the roots and

stubble the legume leaves behind Avhen harvested. The

results thus far indicate little improvement in the condition

of the soil following the culture of the soy bean, Avith the

exception of those obtained with the potato crop following

so}^ beans in 1902. The introduction of the clover crop, on

the other hand, was followed by marked improvement; and

it would now appear possible that the good results with the

potato crop in 1902 may have been in part at least a conse-

quence of the unexhausted residue of the clover stubble and

roots turned under in the spring of 1900. The following

table, with the curve below it, makes the facts clear :
—
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Kffcci of Lnjuminom Crops vj.on the FoUowincj Crop {Pounds).

ru»T«
(KACII ()XK-TK!<TII

ACUK).

ISM. 18M. 1898. 1894. 1895. 1896. 1897.

Oato. Rye.
Soy
Bean.

Oats.
Soy

Bca'n.
Oats.

Soy
Bean.

Oats.

NItrogrn ploU, .

No-nitrogen ploU, .

343

290

484

421

1,965

1.443

698

540

620

452

494

370

1,740

1,143

445

197

hlffccl of Lcguminom Crops upon the FoUoirimj Crop {Pounds) —
Concluded.

ru»T«
(KACII ONfc TKNTH

At UK).

1898. 1899. 1900. 1901. 1902. 1003. 1904.

Oats. Clover. Potatoes.
Soy
Bean.

Potatoes.
Soy
Bean.

Potatoes.

Nltrofcen pIot«, .

Nu-nttro^n plut«, .

254

158

413

3<;7

1,816

1,2:>4

442. 2

t

1,053.6

1,046.0

2,726

1,907

1,199

840

t Dry beans and straw.

Cunt showing lidfUion of Average No-nitrogcn to Average Nitrogen

PloU*, the Latter being considered in Each Year 100.

f
Por (H'nt. nvprajre no-nitroifcn to average nitrogen.]

fffo 'ff? /fff /fa/ /fl2

\ i
1
i
\ \1

-\

%
ff.f fx/ /A/

-—

\
i
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It will bt' noticed that the crops following soy beans have

as a rule showed little improvement Avhich can ])e attributed

to that crop. So long as the soy bean was the legume grown,

the crops on the no-nitrogen plots continued in general to

decline, as compared Avith the crops obtained upon the nitrogen

plots. This is indicated by the fairly uniform and compara-

tively rapid fall in the line indicating tiie relative production.

The introduction of clover causes a marked rise in the line

indicating production, and this continues during the first

three seasons following the plowing of the clover sod. The

effect of the soy beans upon the crop of potatoes grown in

1902 appears to have been distinctly beneficial
;
but, as was

stated in the fifteenth annual report, the fact that the potato

crop in 1902 sufiered from blight undoubtedly favored the

plots where the growth was relatively feeble. In comment-

ing upon the results obtained in 1902, I said :
—

It may be that the relative standing of the no-nitrogen plots

is higher than it would have been had the crop of potatoes

grown to normal maturity. It will be remembered that blight

and rot prevailed to a considerable extent, and these would

naturally injure the potatoes with the ranker growth more than

those Avhere the growth was less luxuriant. It does not seem,

therefore, that we are justified in concluding that the after-

effect of the soy beans is as useful as the relation between the

figures appears to indicate.

In view, then, of the doubt as to whether the true relative

capacity for product was shown in 1902, and the further

fact that all other years show a general agreement in not

indicatino: a decided benefit foliowin the introduction of

the soy bean as a crop, we seem to be justified in the con-

clusion tliat the residual fertility left behind by the soy bean

is comparatively unimportant.

11.— The Relative Value of Muriate and High-grade

Sulfate of Potash. (Field B.)

The object in view in this experiment is to test the relative

value of muriate and high-grade sulfate of i)otash when used

continuously upon the same soil. The experiment was be-

gun in 1892. The potash salts were used for the period
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innii 1 -'.'J to inclu.sivo, at the rate of 400 pounds per

aire; .since TJOO the rate of application has been 250 pounds

\wr acre. Fine-ground bone at the rate of (500 pounds per

acre lias been yearly applied to all plots. The number of

plots in the field at present is ten, five receiving muriate of

potash, and alternating with the same number of plots which

yearly receive sulfate of potash. Various crops have been

irrown in rot^ition, including potatoes, field corn, sweet corn,

gni>>es, oats and vetch, barley and vetch, winter rye, clovers

of various kinds, sugar beets, soy beans, and cabbages.

Most of these crops have been grown during several years.

With few exceptions, good yields have been obtained.

Among the crops grown, the potatoes, clovers, cabbages and

soy lH»ans have usually done best on sulfate of potash. The

vii'ld of corn, grasses, oats, barley, vetches and sugar beets

has been ai)out e(|ually good on the two salts, while the

quality of the potatoes and sugjir beets when grown on sul-

fate of potash has been distinctly better than on muriate of

potash. Three years ago, two of the plots in this field were

set to small fruits, asparagus and rhubarb, — on each plot

one row each of raspberries, blackberries, asparagus and

rhul«irb. Aside from the crops just named, those of the past

year have !)een cabbages on two plots and tliree varieties of

clover, namely, Mammoth Red, Medium Red and Alsike,

each on two plots. The clover was sown in the spring, and

tlh' product of the plots was considembly mixed with weeds
;

for this reason, the weights were not taken. There was no
readily distinguishable ditlcrence in the growth of either the

Me(lium or the Mammoth clovers that could be attributed to

the dilferenee in potash manuring. The Alsike clover upon
the plot manured with sulfate of potash has made a distinctly

better start than tliat on the nuiriate. Neither the asparagus,
nispl»erri<'

,
nor blackberries have yet become sufficiently

established to give a full crop, and the results will not be
rep<nted in detiil. The yield of asparagus was substantially
equal on the two potasJi salts. The yield of raspberries on
the nuu-iate of potash was considerably greater than on the
«uifat«. Observation of the growth of the berry bushes and
u-^panigus since they were set indicates that the rate of
maimring which Im^ br. ti the practice on this field does not
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maintain the soil in sufficiently high fertility to produce satis-

factory growth on either of the combinations of fertilizers

employed. During the past season, therefore, Ave have used

nitrate of soda at the rate of 200 pounds per acre, in connec-

tion with the customary amounts of bone meal and potash,

on the plots occupied by these crops.

1. Rhuharh (Sulfate v. Muriate of Potash).

The rhubarb grown in this experiment is of the Monarch

variety. The growth has been vigorous and healthy. The

product of this year is shown in the following table :
—

Muriate v. High-grade Sulfate of Potash (^Rhubarb) .— Yields per Acre

(Pounds').

Fertilizers used. SUilks. Leaves.

8,559
11,957
14,286

The yield of stalks on the two plots is substantially equal,

but the weight of the leaves accompanjdng the stalks pro-

duced on the sulfate of potash is materially greater than on

the other potash salt. Whether this fact has any special

significance is not at present known ; but it is at least sug-

gestive that on Field C, where, under conditions otherwise

differing quite widely from those in Field B, the muriate is

compared Avith the sulfate, a similar difference in Aveight of

leaves as compared with stalks is found. It is, of course,

evident that the results of this year do not throAV any im-

portant light upon the question as to Avhether there is any

important practical difference in the tAvo potash salts for this

crop.

2. Cabbages (Sulfate v. Muriate of Potash).

The variety of cabbages grown this year Avas Fottler's

Brunswick Drumhead. The seed Avas planted in hills two

feet apart and in roAvs three and one-half feet apart, on June

30. The plants were thinned first to two in a hill, and later, on

August 16, to one. The summer and the autumn, especially

the latter, averaged much below the normal temperature, and

the cabbages Avere by no means matured on the approach of

Aveather which compelled their harvesting. AVith a normal
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season there is no doubt that nearly all the plants would have

produced merchantable heads. Under existing conditions a

very large proportion of the heads were regarded as too

Hoft to Ik? included in that class. The yields per acre are

Hhouii in the following tal)N' :
—

MuriaU v. JIujh-ynuk. SnlJ'iUc of Potash (Cabbtujes). — Yields j)er Acre

(Pounds).

PEKTILIZERfl USED. Hard Heads. Soft Heads.

Muriate of pittaitl
. 872 22,791

2,071 24,319

It will be seen that the product on the sulfate of potash is

c<»nsi(icmbly superior to that on the niuriatc. The yield of

Imrd lu'iids is nearly two and one-half times as great, while
the yield of sotl heads also somewhat exceeds that on the
muriate. As this result is in general agreement with that

usually obtained heretofore with the cabbage crop, it tends
to still further contirm the conclusion that it is best that the
I>otash used for this crop be in the form of sulfate rather than
muriate.

HI.— CoMPARisox OF Different Potash Salts for
Field Crops. (Field G.)

Fi..ld (i contains 40 plots, of about one-fortieth of an acre
each. The experiments in progress have for their object
the determination of the relative value for field crops of all
the prominent potjish salts when each is used continuously
upon the .same land throughout a long series of years. This
cx|K«riment was begun in 1898. The plots are arranged in
hve seru's of eight each. In each series one plot has re-
ceived no potash since the experiment began. The potash
HHlt^s under trial are as follows: kainit, high-gi^de sulfate
of pota.h, low-gnide sulfate of potash, muriate of pT)tash,
mtnite of potash, c-arbonate of potash and silicate of potash.
KHch IS always applied in such quantity as to furnish actual
poUish at the rate of li>5 pounds per acre. All the plots in
the field are yearly fertilized with materials supplying to
vm'h e,,ual amounts of nitrogen and phosphoric acid. For
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nitrogen, nitrate of soda is applied at the rate of 250 pounds

per acre, except on the plots where nitrate of potash is the

source of the potash applied ; here a suitable reduction in

the quantity of nitrate of soda is made, on account of the

nitrate nitrogen furnished by the potash salt. The principal

source of phosphoric acid on these plots is acid })hosj)hate,

applied at the rate of 3()0 pounds i)er acre to all. Tankage

at the rate of 270 pounds per acre is applied to all plots as

a source of less immediately available nitrogen and phos-

phoric acid. The crops grown in this experiment in the

order of succession are as follows : 1898, Medium Green

soy beans; 1899, Beauty of Hebron potatoes
; 1900, Fott-

ler's Brunswick cabbage. Medium Green soy beans, Black

cow pea. Wonderful cow pea; 1901, Turkish Red wheat,

Medium Red clover; Rural Thoroughbred, Leaming Field,

Boston Market and Eureka corn
; 1902, Medium Red clover

;

1903, Medium Red clover.

During the past season the crops grown in the field were

as follows : cabbages on sixteen plots, two series of eight

each ;
Sibley's Pride of the North corn on sixteen plots,

two series ; and Leaming Field corn for ensilage on eight

plots. The season was unfavorable to full maturity for the

cabbage crop, for reasons which have been alluded to in dis-

cussing results on fields B and C. For the same reasons,

and also because of the excessive rains at the season of

planting, the season was highly unfavorable to the corn crop.

Defective germination, owing to the excessive rains, pro-

duced an uneven stand of plants in the areas devoted to

corn. For the reasons indicated, it does not seem worth

while to publish the results in full detail, and averages only

will be given These for the cabbages are as follows

Cabbages. — Average Rates of Yield per Acre {Pounds)

Potash Salt. Hard Heads. Soft Heads.

Xo potash (plots 1, 9), .

Kainit (plots 2, 10),
High-grade sulfate (plots 3, H),
Low-grade sulfate (plots 4, 12),
Muriate of potash (plots 5, IS),
Nitrate of potash (plots 6, 14),
Carbonate of potash (plots 7, 15)
Silicate of potash (plots 8, 16),

10,850
11,100
10,H00

12,100

11,900
14,800
16,500
10,650

22,850
26,150
25,500
27,400
26,600
23,100
23,400
25,050
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The most strikin^r points brought out by these figures are :

first, the liigh-gi-ade sulfate of i)otash fails to show the supe-

riority in yfeicTto muriate which ha^ generally been shown
;

8Cc-ond, the nitrate and carbonate of potash have given yields

very nmtcrially exceeding those obtiiined on any of the other

potitsh .^Its ;
third, the yield on the silicate of potash is one

of the poorest in the field.

Field Corn.— Acera(/e Yidih per Acre.

I'oTAHH Salt.
Sound Corn
(Bushels).

Soft Corn
(Bushels).

Stover
(Pounds).

• IT. 25) • 15.00
20.25

17.78
14.00

3,740
4,;i00

4,340
4,200
4,660
4,020
4,420

4,160

pIotH 19,27), . . . .

plots -JO, 28)

j.lotrt 21, 210

|.loU 22, »•)

|M.ia>li (plote 2:^,81), ....
.ia»h (pious 24, 32)

19..̂ K)

17.75
20.60
17.00
17.00
13.75

13.45
14.:^
14.44
13.45
15.78
18.56

The most striking point brought out by these averages is

the poor results wlicri' the silicate is the potash salt em-

ployed. Aside from this, the results with corn seem to be

in gcnenil ac^'ord with those which have been usually ob-

tained, which indicate that the ditlerent potash salts appear

to have substantially similar effects upon this crop.

KiuiiltKjc Corn. — Avenige Yield ])er Acre (Pounds).

VnTxnn Salt. Green
Foilder.

I'OTASH Salt.
Green
Fodder.

No poUish (plot 33),
Knlnlt (plot .14)

HIjch jfniilf Hiilfiito (plot :i5^,

I^w-)craile Mulfat*? (plot

28,800
38,800
34,600
36,600

Muriiite (plot 37),
Nitrate (plot :i8),

Carbonate (plot 39), .

Silicate (plot 40),

36,800
32,800
30,000
22,400

In the case of the ensilage, as well as field corn, the sili-

cate of potash gives a yield much inferior to that produced
by tlie other i)()tash salts. That the silicate, wdiether with

eabUigcs, field or ensilage corn in each of the five series

of plots where il is employed, gives yields inferior to those
nbtaine«l with the other potash salts, and that the yield does
not in s(.me cases e(|ual even the yield obtained from the

no-potash plot, is a fact which it seems desirable to point
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out. U}) to the present year the yields on silicate of potash

with the difierent crops grown have not been markedly

inferior to those obtained on other potash salts. It is im-

possible, in the light of our present knowledge of the con-

ditions, to ofler an explanation of the facts, although it is,

of course, evident that the soil, which was originally in fair

condition as regards its stock of available potash, has previ-

ous to this year been in condition to furnish a larger share

of the potash needed by the crop than at present. With

increasing exhaustion of natural stores of potash, the differ-

ences due to the several fertilizers used may naturally be

expected to increase.

IV.— Comparison of Phosphates on the Basis of Equal
Application of Phosphoric Acid.

The present is the eighth season of this experiment, which

has for its object the determination as measured by crop

production, of the relative availability of different materials

Avhich may be used as sources of phosphoric acid when used

in such quantities as to furnish equal amounts of actual phos-

phoric acid to each plot, and in connection with materials

which supply the other elements of plant food, especially the

nitrogen and the potash, in abundance and in the same forms

and in equal amounts on each of the plots. The field in

which these experiments are carried on is divided into thir-

teen plots, of about one-eighth of an acre each. Three plots

in the field, one at each end and one in the middle, have re-

ceived no phosphoric acid since the experiment began. The

phosphates which are employed on the other plots are as fol-

lows : apatite, South Carolina rock phosphate (fine ground),

Florida soft phosphate, basic slag meal, Tennessee rock phos-

phate (fine ground), dissolved bone-black, raw bone meal,

dissolved bone meal, steamed bone meal and acid phosphate.

These phosphates are used in such quantities as to furnish

actual phosphoric acid, at the rate of 96 pounds per acre.

The nitrogen and potash fertilizers used supply nitrogen at

the rate of 52 pounds and potash at the rate of 152 pounds

per acre. With some of the crops grown (onions and cab-

bages) a supplementary application of quick-acting nitrogen
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fertilizer, has been made to all plots alike. The crop.s which

have been grown in the tield during the progress of the ex-

i)erinient anr as follows : corn, cabbages, corn, in 1900 two

,.ro,,s —oats and Hungarian grass (both for hay), onions,

onions, and c-abbages. With the exception of the onions

and cabbages, all the crops previously grown in the tield

liave given good yields, even on the three no-phosphate

plots. The soil of the different parts of the field was not

even in fertility at the start. Plot 1 was somewhat more

pnMluctivc than any of the others, and in general the plots

tended to decline in productiveness from ! toward 13. The

crop the i^ast season was corn. The soil of the field inclines

to be heavy, and the corn croi) during the prevailing cool

wi'ather of the past season sufiered from poor soil conditions

and low temperature, especially on plots 8, 11, 12 and 13.

Observation of the growth of the crop of the preceding

vear (cabliages), and study of the soil conditions through-

out the preceding season, had led to the conclusion that the

physical and chemical conditions of the soil in the field would

Iw improved by a heavy application of lime. The field was

plowed in the fall of 1903. Freshly slacked lime to the

amount of 4,()75 jwunds (about 2,000 pounds per acre) was

applied on May 10 and plowed in on May 15. The variety

of corn grown wiis the Leaming Field. The seed was

obtiiined of E. E. Chester & Son, Champaign, 111., and was

of excellent quality. The i-ainfall was so excessive, how-

ever, that there were a few blanks in some of the plots.

The crop was cut on September 19 and immediately weighed

and put into the silo. The rates of the yields on the several

plots are shown in the following table :
—

PloU, Fertilizers used.
Green Corn
(Pounds per

Acre).

No phoBphate,
Apntlu-
Soutli Cjirollna rock phosphate,
Flitriila Kuft phosphate,
IMioHphutlc Blajr, .

Tfiiiu'Krtff phosphate, .

No plioKphate,
lH^Holvt'tl bone-black, .

ItilW l)01U'

OlHrtolvnl bone meal, .

st4'anuHl Xkuw iiu-al,

Acl»l phoKphaU', .

No phoHphute,

41,000
40,720
40,496
28,240
36,440
32,120
32,344
30,080
45,800
41,840
28,400
29,040
20,240
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The point of principal significance in connection with the

results appears to be the marked inferiority of the yield on

the Florida soft phosphate. There was no difference in tlie

physical conditions on this plot, as compared with those on

either side, that can explain the wide difference in the amount

of the product. The results of this 3^ear, then, additionally

confirm the conclusions of previous years, — that this phos-

phate seems likely to give results which are distinctly dis-

appointing, as compared w^ith the claims of those interested

in its production and sale. The low product on plots 8, 11

and 12 was undoubtedly in considemble measure due to the

unfavorable conditions which have been referred to.

Y._SoiL Tests.

In introducing what I have to say concerning soil tests, I

cannot do better than to employ the language used in my
last annual report, p. 244 :

—

Two soil tests, both upon our own grounds and both in con-

tinuation of previous work upon the same fields, have been car-

ried out during the past season. Fertilizers have been applied

in accordance with the co-operative plan for soil tests, with one

or two small exceptions. Lime and plaster have been applied

to the plots calling for these fertilizers in double the usual soil

test amounts. Each plot annually receives an application of

the same kind or kinds of fertilizers. Such experiments are

not adapted to securing the production of heavy crops. By
study of the results, the effects of the different leading elements

of plant food on the several crops can be determined with niucli

accuracy.

Every fertilizer used, whether applied by itself or in connec-

tion with one or both of the other fertilizer materials, is always

applied in the same quantities. Both fertilizers and manure

(where the latter is introduced for purposes of comparison) are

always applied broadcast after plowing, and harrowed in. The
kinds and the amounts per acre are as follows :

—
Nitrate of soda, 160 pounds, furnishing nitrogen.

Dissolved bone-black, 320 pounds, furnishing phospliorii- acid.

Muriate of potash, 160 pounds, furnishing potash.

Land plaster, 400 pounds.

Lime, 800 pounds.

Manure, 6 cords.
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A, ^ Soil Test with Com (South Acre).

This acre 1ms been iwcd in soil tests for sixteen years, be-

jrinning in \m). The crops for successive years have been

asfolUm s : corn, corn, oats, gmss and clover, grass and clover,

corn (followed hy nmstiird as a catch crop), rye, soy beans,

white mustard, corn, corn, grass and clover, grass and clover,

corn, corn, and corn. Since 1SS9 this field has, therefore,

borne eight corn crops, and during this time it has been four

years in grass. The present is the third successive corn

crop, these three crops following grass, which occupied the

field in 11»01. I^st season was one of the most unfavorable

for corn within the memory of oiu* oldest men. The crop

was exceedingly small, even on the land which had annually

received an application of manure at the rate of 5 cords

IKT acre. With only one exception, previous to last year,

the corn crop wherever potash has been applied to the soil

in this field has always been good. In 1898 the crop even

where j)otash and other fertilizers had been used was small.

This suggested the probable necessity of an addition of lime.

The a|)plication of lime at the rate of 1 ton to the acre re-

stored the productiveness of all the plots to which muriate

of potiish had been continuously applied. The small crop

of last year, in connection with observations on the condi-

tion of the soil, led to the conclusion that lime might once

more prove useful ; the entire field, therefore, >vas given a

dressing of freshly slacked lime, at the rate of 1 ton per

acre. The marked increase in the crop of this 3^ear wher-

ever potash was used indicates the correctness of the opinion

that lime was needed. The plot Avhere potash was used

nlono last year gave a yield at the rate of about 15.5 bushels

of corn ]MTacre ; this year the product is almost three times

that ainonnt. Last year the plot to which nitmte of soda

and nuuiute of potash are annually applied gave a yield at

the rate of li;.') bushels per acre ; this year the yield is 47.8
bushels. The plot receiving dissolved bone-black and muri-
atr of potiish, which last year gave a crop of a little less than
11» bushels, this year gave a crop of rather over 53 bushels.

These facts make it strikingly evident that, in connection
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with fairly liberal ainoiuils of inuriate of potash, it Is essential

to use lime freely on many of our soils, if their productive-

ness is to be maintiiined. This field contains four i)lots, to

which neither manure nor fertilizer of any kind has been

ai)plied during the sixteen years that the experiment has

continued. These plots have now become ver}' highly ex-

hausted, j)roducing crops which are practically valueless so

far as the production of grain is concerned, although the

nominal yield is at the rate of about 3.5 to 8 bushels per

acre. The following table shows the fertilizers used on the

several plots, the rate of yield, and the gain or loss per acre

compared with the nothing plots :
—

Corn.— South Acre Soil Test, 1904.

Yield per Acre.
Gain or Loss per
Acre, compared

with Nothing Plots.

Plots. Fertilizers used. Corn
(Bushels,

90
Pounds).

stover
(Pounds).

Corn
(Bushels,

90
Pounds).

stover
(Pounds).

1,200 2.78

2, .

3, .

Dissolved bone-black,

Nothing

3.89

4.33

960

870

—.44 90

4, . Muriate of potash, 46.89 3,760 42.86 2,933

5, . 2.67 820 —1.07 —37

6, . 3.44 740

Manure 50.00 4,000 46.56 3,260

.

9, .

Nitrate of soda and dissolved

^ bone-black.
15.11

8.78

1,500

1,180

6.33 320

10, .

11, .

1-2, .

Nitrate of soda and muriate of
potash.

Dissolved bone-black and muri-
ate of potiish.

47.67

53.11

3,560

3,940

1,000

39.71

45.96

2,440

2,880

13, . Plaster, 7.44 1,100 1.11 100

14, . Nitrate of soda, dissolved bone-
black and muriate of potash.

47.78 3,700 41.45 2,600

It will at once be noticed that the potash is the element

which determines the crop, almost to the exclusion of all

others. Where potash has been used alone diu'ing sixteen

years, the yield is almost as great as it is with potash and

anv of the other combinations. Nitrate of soda alone does
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very little goi>d. Dissolved bone-black alone gives a crop

less than tlie average of the nothing plots. The combination

of nitrate of soda and dissolved bone-black gives a verv

inferior cnjp, but wherever potash is used the crop is good.

Particular attention is called, further, to the fact that the

continuous use of lime alone is not beneficial ; on the con-

trarv, the vield on the i)lot where lime has been continuously

Wied is the poorest in the field. Plaster used alone and

continuously gives a slightly better crop, Init not nmch in

excess of the nothing plots. It may perha} )s be urged that

the soil of this tield must hv of very exceptional chamcter :

tliat, otherwise, the so long-continued use of one fertilizer

element could not produce the results obtained. To a cer-

tain extent this criticism may be justified, and I do not call

particular attention to the marked efiect of the potash for the

purpose of urging uj)()n our farmers exclusive dependence

upon this tcrtilizer, but to make more emphatic the point

that our farmers in general should insist that fertilizers de-

signed for use for the corn crop should be richer in potash

than is usually the case. The results obtained in previous

years on this tield indicate not so much that this soil is defi-

ci<'nt in potash,— for some crops, such as grass, for example,

do well on the plots to which no potash has been applied

since the beginning of the experiment,— as that the corn

crop depends in a marked degree upon a liberal supply of

readily available potash.

Ji.— Soil Test with Mixed Grass and Clover {North Acre).

The acre used in the north soil test has been kept in this

t'xperiment fifteen years, beginning in 1890. The fertilizers

have iH'cn used in the same combinations and in general in

the same amounts on the several plots as in the south soil

test, except that during the years when onions have been
grown the fertilizers have ]icen used in double the usual

quantities. Kach fertilizer or combination of fertilizers has
In en used eontiiuiously upon the same plot. In this experi-

ment the plots were divided transversely in 1899, and lime
was applied at the rate of 1 ton to the acre to one-half of
each plot. The lime was applied after plowing, and har-
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rowed in. During the past season the same halves of all the

plots have once more been limed, and at practically the same

rate as before ; but this year, as the land was in grass, the

lime was applied as a top-dressing on the grass in spring.

The date of application was May 18. The crops grown in

this field, in the order of succession, beginning in 1890,

have been : potatoes, corn, soy beans, oats, grass and clover,

grass and clover, cabbages and ruta-baga turnips, potatoes,

onions for four years (1898 to 1901 inclusive), potatoes,

grass and clover, and grass and clover. The field was sown

to gmss and clover after the harvesting of potatoes in the

autumn of 1902 (September 15). The rate of seeding per

acre was : timothy, 18 pounds
; red-top, 8 pounds ; red

clover, 5 pounds ; and alsike clover, 4 pounds. The clover

winter-killed, and accordingly additional clover seed (15

pounds) was sown on April 4, 1903.

On account of the deficiency in rainfall from the middle

of April to about the 10th of June, 1903, the yields last

year on all plots were very small. The yields during the

past season have been much larger. They are show^n in the

following table :
—

Grass and Clover. — North Acre Soil Test, 1904.

Plots. Fertilizers used.

Yield per acre,
Hay.

Gain or Loss per
Acre, compared

WITH Nothing Plots.

Unlimed
(Pounds).

Limed
(Pounds).

Unlimed
(Pounds).

Limed
(Pounds).

1, . Nothing, 1,060 800

2, . Nitrate of soda 1,960 1,600 1,067 880

3, . Dissolved bone-black, 1,000 680 273 40

4, • 560 560

5, . Muriate of potash, . 600 1,920 40 1,265

6, . Nitrate of soda and dissolved 2,120 2,320 1,560 1,570
bone-black.

7, . Nitrate of soda and muriate of 1,920 1,860 1,360 1,015

potash.
8, . 560 940

9, . Dissolved bone-black and mu- 860 3,600 280 2,575
riate of potash.

10, . Nitrate of soda, dissolved bone- 2,200 4,400 1,600 3,290
black and muriate of potash.

11, . 560 600 —^)0 —595

12, . 640 1,280
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(!ni.<.<nn.l , — S'Ttli Arrc Soil Ttsi, 1U04— Conchide^l.

PloU. KTII I/KKS l.'HED.

YIELI> PER ACRE,
ROWEX.

Gai.v or Loss per
Acre, compared

WITH Nothing Plots.

UnUmed
IX uuuuoy*

Limed
(Pounds).

Unlimed
(Pounds).

Limed
(Pounds).

1. . Nothing 140 80 - -

t, . Nitrate of Htnlft 60 90 —.30 7

60 1-20 30 '*

4. .

3() l.'iO

ft. • Marlftte of potash, . 70 780 37 657

•

Nitrate of »od» nu<l dlsBolvtHl

bone-black.
NItrnU* of »oi\'.i and imirlaU'

of iNttasli.

•210

JM)

40

810

.^20

500

175

12 112

9, . Dl^^ idack and mu- 80 2,560 47 2,125

10. .

r -li.

Nit llHHolveillJom'- 6-20 2,840 595 2,470

11. .

1,1.. ii iat*' (if potJisli.

Plju»ur, •20 80 2 —•225

M, .

1

240

Tlir results of this year resemble those of hist year in one

pjirticiiliir, namely, the marked increase in the first crop

whieli follows the application of nitrate of soda ; but in one

iinportnnt j)articular the results this year differ from those

of IDOli in a marked de<nfi'ee, namely, in the very large in-

crease on the limed portion of those plots to which muriate

of potiish has been annually ajiplied. In commenting upon

tlie results of last year, I said :
—

Much ovidenco is afforded by a study of the relative propor-

tions of the different species on the different plots and on the

limed and unlimed portions of tlie several plots, that the soil

in some parts of this field is once more becoming acid.

The principal ground on which this statement was based
wius the conipamtive absence of clover, even on the limed
IM.rtion of such plots as had been supplied annually with
potash. This relative absence of clover last year was doubt-
less in part due to the unfavorable climatic conditions ; but
the widely different results of this year indicate that the lime
applied tliis season proved distinctly and largely beneficial.

It is desired to call particular attention to the yield both
of hay and (»f roweii on the limed portion of Plot 9. This
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plot, it should be understood, luis not received an applica-

tion of anything furnishing nitrogen diu-ing the fifteen years

that the experiment has continued ; and yet on the limed por-

tion of this plot we this year have a yield of hay at the rate

of 3,600 pounds and a yield of rowen at the i-ate of 2,560

l)ounds per acre, — a total of rather over 3 tons, at a fer-

tilizer cost at the rate of $6.50 per acre. Allowing for an

application of lime at the rate of a ton once in eight years,

the annual cost of the materials api)lied to this plot amounts

to about $7.50 per acre. The yields obtained at this very

low cost indicate in a most striking manner the possibilities

in the production of clover hay on soils naturally suited to

clovers, without the use of the expensive niti'ogen manures

or fertilizers.

It is of especial interest to compare the yields of Plot 10

with those on Plot 9. Plot 10 has annually received nitrate

of soda, in addition to the same amounts of dissolved bone-

black and muriate of potash as are used on Plot 9. The

result is a fair hay crop, even on the part of the plot where

lime has not been used. Here, however, as on Plot 9, the

yield is greatly increased by the application of lime, and we

have a total in the two crops of the year at the rate of 7,240

pounds per acre. This exceeds the yield of the two crops

on Plot 9 at the rate of a little more than a thousand pounds

per acre. This increase is produced as the result of an appli-

cation at the rate of 160 pounds of nitrate of soda. Such

an application would cost about ^^4, and the increase is there-

fore produced at a moderate protit.

As in previous years, the relative proportion of the ditier-

ent species (red-top, timothy and clovers) on the several

plots has been carefully studied. The most important points

noted are as follows : first, the use of nitrate of soda increases

the proportion of red-top : second, potash increases the pro-

portion of clover in a marked degree, and this influence is

enormously increased on the limed portion of the plots.

It will be seen, by reference to the table showing how the

fertilizers iire applied, that Plot 6, which receives an appli-

cation of nitrate of soda and dissolved bone-black annually,

lies between two plots (5 and 7) each of which annually

receives an application of potash. During the past season,
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and to some slight extent in previous seasons, it has been

noticed that the growth of the crops on the edges of Plot 6,

although it is separated from 5 and 7 by strips 31/2 feet in

width which have not received any fertilizer since the ex-

IHTinieiit iK'gaii, shows plainly the influence of the potash

applied to the neighboring plots, which has apparently dif-

fused through the intervening f^'^t strips, and is now

l)eginning to affect the growth of the crops on Plot 6. Dur-

ing' the jMist season there has been a little fringe of clover

on each edge of Plot i) ; this, however, has not been suffi-

cient in amount to nuiteri:illy affect the yield on this plot,

whi<-h, as will bo seen, showed but little increase in the

anion nt of rowen, which best measures the proportion of

clover. The figures, however, for this plot are undoubtedly

to some small di'gree misleading. The nitrate and the dis-

M»lved b(»ne-l)lack alone would i)roduce little or no clover;

they have, however, produced a fairly large crop of hay,

alM»ut tMjually good on the unlimed and limed portions of

the plot. This result is doubtless to be ascribed mainly to

the effect of nitrate of soda in stiuuilating the grow^th of the

grasses.

The relatively small increase on the limed portion of Plot

7, where iiitnite of soda and muriate of potash are used

together, appears to be due to the fact referred to in my
last annual report,— that, where these two fertilizers are

used together, soil effects very unfavorable to the groAvth of

clover follow. It is believed that, to correct this unfavorable

influence of these chemicals, lime must be used in very large

amounts.

VI. — Spkcial Corn Fertilizer v. Fertilizer richer in

Potash.

It ma> be remembered that on this acre we are endeavor-
ing to throw light upon the (juestion as to the proper com-
l)osition of fertilizers used alone for the corn crop. This
experiment began in 1891. The crop from 1891 to 1896
inclusive wius eorn ; in 1S97 and 1898 the crop was mixed
grass and clover; in 1899 and 1900 it was corn; in 1901
and 1902, grass and clover; in 1903 and 1904, corn. A
stntrnient of the results to date will be found in preceding an-



1905.] PUBLIC DOCUxMENT — No. 33. Ill

iiual reports. The object in view is to test the question as to

whether the special corn fertilizers offered in our markets are

of such composition as is best suited for the production of

corn in rotation with mixed grass and clover. The field used

in the experiment contains one acre, and is divided into four

equal plots. Plots I and 3 have yearly received an ap))li-

cation of mixed fertilizers, furnishing the same amount of

nitrogen, phosphoric acid and potash as would be furnished

by 1,800 pounds of fertilizer of the composition of the aver-

age of the special corn fertilizers analyzed at this station.

This average has changed but little during recent years, and

in 1899, since which date we have made no change in the

kinds and amounts of fertilizers used, was as follows :
—

Per Cent.

Nitrogen, 2.37

Phosphoric acid, 10.00

Potash, 4.30

The various fertilizers offered in 1899 differed widely in

composition. The extent of the variation is shown in the

following table :
—

Per Cent.

Nitrogen, ........ 1.5- 3.7

Phosphoric acid, ....... 9.0-13.0

Potash, 1.5-9.5

The fertilizers used on plots 2 and 4 are substantially the

same in kind and amount as recommended in Bulletin No.

58 for corn on soils poor in organic matter. The essential

difference in composition between the fertilizer mixtures un-

der comparison is that that used on plots 2 and 4 is richer

in potash and much poorer in phosphoric acid than the mix-

ture representing the average market corn fertilizers. The

fertilizers applied to the several plots are shown below :
—

Fertilizers used. Plots 1 and 3
(Pounds Each).

Plots 2 and 4
(Pounds Each).

30.0 50.0
Dried blood, 30.0
Drj^ ground fish,

Acid phosphate,
37.5 50.0

•273.0 50.0
Muriate of potash, 37.5 H-2.5



IIA'ICII KXPEKIMENT STATION. [Jan.

The (Top of the past two seasons has been corn, the crop

of nm being the first to follow mixed grass and clover,

which occupie'd the land in 1901 and 1902. The season of

1904, while too low in average temperature for the best

«Towth of com, was distinctly more favorable to the crop

tlian VM)A. The following tables show the yields on the

several plots and the averages for the two systems of ma-

nuring :
—

Yields of Corn, 1904.

I*LOT«.
Good

(Bushels).
Soft

(Bushels).
Stover

(Pounds).

IMoi i (ricluT In |)uta8li)

Plot 4 (richer In iK>Uu9li).

57.50

57.75

55.25

7.78

7.71)

13.56

10,640

9,208

8,280

9,660

Acerayc Yields per Acre.

I'LOTS.
Good

(Bushels).
Soft

(Bushels).
Stover

(Pounds).

rinU 1 nnd 3 (IcHiior iiot-ash),

riots i and 4 (richer in potash),

58.50

56.37

7.78

11.45

9,460

9,434

It will be seen that the yields under the two systems of

fertiliziition were substantially equal, although the grain on

plots 1 and 8 was better ripened than on the other plots.

During the (»arly i)art of the season the growth of the corn

on plots 1 and :i was materially better than on plots 2 and 4 :

th(^ plants showed a better color and were of larcrer size.

This ditlereiu e showed itself very early in the season. On
.Inly it was judged that the plants on plots 1 and 3 aver-

aged one and on(*-half times the height of the plants on th(>

other plots, and the difference in the growth on that date
was judged to be considerably less than at an earlier period.
.Vs the 8ea.s(>n advanced, the corn on plots 2 and 4 steadily
gjiined in fonditic.n and size, jis compared with that on plots
I and ;•»

: and by the end of the season, as the harvest
show««d, tlM« initial superiority on plots 1 and 8 had entirely

disapiHiaivd. At })rcst>nt we arc not in a position to state
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to what cause the superior growth on i)lots 1 and 3 early in

the season was due ; but it appears probable that the cause

was the stimulative effect of the excess of phosphoric acid,

which, as has been repeatedly shown, when used in liberal

amounts exercises a marked effect in hastening maturity.

At present prices for fertilizer materials, the fertilizers

used on plots 1 and 3 cost, laid down in .Ajiiherst, at the rate

of $19.25 per acre ; those used on plots 2 and 4 cost at the

rate of $14.20 per acre. The fertilizer combination richer

in potash, therefore, costs a little more than $5 per acre less

than the combination representing average corn fertilizers.

It is significant that at this lower cost we have a corn crop

equal to that produced at the higher figure. Last year,

when the corn crop on all plots Avas verv poor, the yield on

plots 1 and 3 was distinctly better than on plots 2 and 4
;

but, Avith that exce})tion, the average results to date show

corn crops substantially equal on the two fertilizer combina-

tions, while whenever the land is put into mixed grass and

clover, the fertilizer combination richer in potash gives crops

materially larger and of better quality than the combination

richer in phosphoric acid. The advantage to date, there-

fore, is most decidedly in favor of the fertilizer combination

containing the more potash ; and fertilizer manufacturers

are urged to increase the proportion of this element in corn

fertilizers, and farmers on their part should insist on such

increase.

VII.— Manure Alone v. Manure and Potash.

These experiments, which have for their object to show

the relative value as indicated by crop production of an

average application of manure used alone, as compared with

a smaller application of manure used in connection with a

potash salt, were begun in 1890. The field used is level,

and the soil of compai-atively even quality. It is divided

into four quarter-acre plots. The crop grown during the

years 1890 to 1896, 1899' and 1900, 1903 and during the

past season, has been corn. In 1897 and 1898, and again

in 1901 and 1902, the crop was mixed grass and clover.

Where manure is used alone, it is a})pli('d at the i-ate of (>
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cords per acre. Where manure is used with potash, the

rates of application are : manure, 4 cords ;
high-grade sul-

fate of potash, H;0 pounds i)er acre. Manure alone is applied

U> plots 1 and :] ; the lesser quantity of manure and high-

grade sulfaU' of potash to plot^j 2 and 4. Estimating the

manure alone as costing $5 per cord, applied to the land, the

money difference in the cost of materials applied is at the rate

of $5.30 per acre, the manure and potash costing that amount

less than the larger quantity of manure alone. The tables

show the mtes of yield on the several plots, and the averages,

under the two systems of manuring.

Yield of Corn, 1.904.

Plots.
Corn

(Bushels).
Stover

(Pounds).

68.25 5,840

Plot i (manuiv and iM>tn8h), 66.25 5,280

66.50 4,280

58.25 4,840

Average Yields per Acre.

Plots. Corn
(Bushels).

Stover
(Pounds).

67.37 5,060

Plot« 2 nnd 4 (ninnurc and potAsh), 62.25 5,060

The averages made show an equal amount of stover pro-

duced under the two systems of manuring, and slightly more
tlian 5 bushels of corn per acre less on the combination of

niamire and potiish than on the larger quantity of manure
al(nie. This ditference in yield is not sufficient to pay the

added cost of the larger (piantity of manure applied to i)lots

1 and 3 ; but, since manure is an article of home production
on most farms where corn is grown, not much importance
would l)e attached to this point by the average farmer. The
corn crops produced under the two systems of manuring
previous to this year have been substantially equal. The
inferiority in yield this year is of consequence only on Plot

4 ; and it is susi)ected that aecidenhil variation in conditions
determined the smaller product on this plot, rather than the



1905.] PUBLIC DOCUMENT— No. 33.

diflference in the system of manuring. We know that the

plartts in the field, on account of imperfect germination due

to the unfavorable weather which preceded and followed

planting, were not as thick as is desirable. The fact, how-

ever, that the yield of stover on Plot 4 is greater than that

on Plot 3, renders it exceedingly doubtful whether the cause

of the relatively small yield of corn on Plot 4 was the greater

proportion of unoccupied space.

VIII. — Experiment in Manuring Grass Land.

The report which is to be made concerning results in this

experiment is best introduced by quoting from my sixteenth

annual report :
—

In this experiment, which has continued since 1893, the pur-

pose is to test a system of using manures in rotation for the

production of grass. The area used in the experiment is about

nine acres. It is divided into three approximately equal plots.

The plan is to apply to each plot one year barnyard manure,

the next year wood ashes, and the third year fine ground bone

and muriate of potash. As we have three plots, the system of

manuring has been so arranged that every year we have a plot

illustrating the results of each of the applications under trial.

The rates at which the several manures are employed are as

follows : barnyard manure, 8 tons ; wood ashes, 1 ton
;
ground

bone, 600 pounds and muriate of potash, 200 pounds, per

acre. The manure is always applied in the fall, ashes and the

bone and potash in early spring.

The past season was exceptionally favorable for the pro-

duction of a heavy yield of hay, but a relative deficiency in

rainfall during the period occupied by the growth of the

rowen crop was doubtless the principal reason for the falling

off in the yield of rowen, as compared with that produced in

the season of 1903. The yields of hay and rowen and the

total yields for each system of manuring were at the follow-

ing rates per acre :
—

FERTII.IZER8 USED. Hay
(Pounds).

Koweu
(Pounds).

Totals
(Pounds).

7,068 2,147
Bone and potash 6,024 2,030 8,0.'>t

4,866 2,064 6,930
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The Hvemge total vidd of the entire area for this year is

H 050 iK>und.s. The average for the entire penod during

which the exi>eriment has continued (1893 to 1903 inclu-

sive) Is 6,597 pounds. The average to date is 6,718 pounds.

The average yield when top-dressed with manure has been

7,026 iK>unds; when toi^dressed with wood ashes, 6,304

pimnds; when top-dressed with bone and potash,

pounds.' The yields for the past year, it will be noticed,

are considerably above the averages for the entire period.

Diff-rrnf Sf^ed Mixtures compared.

In niv last annual report ^ will be found a description of

the variation in the seed mixtures used on different portions

of two plots in this Held (1 and 2). In one of these seed

mixtures timothy is the most prominent species ; in the

other, meadow and tall Fescue are prominent; and these

different mixtures may be spoken of respectively as the

timothy mixture and the Fescue mixture. The timothy

nnxturc is substantially the same as that in general use

among fanners, including timothy, red-top, common red

clover and alsike <'lover. The other mixture includes small

(piantities uf all of these species, and in addition Kentucky

blue-gmss and the two Fescues named. In my last report

the statement is made that it is believed that the Fescues will

hold the ground more tenaciously than the timothy. The

yields last year were materially greater on the portions of

the plots occupied by the timothy mixture. The rates of

yield on the two mixtures for the past season are as fol-

lo\v«^ :
—

Yield per Acre (Pounds).

Hay. Rowen.

rii.t 1 Tl.n .t)iy inl\tun\
P' lutxtun-

6,2-29

5,769
5,541

2,101
2,121

2,129
2,5976,896

The ditVi renees this year are materially less than last, and
on Plot 2 the Fescue mixture has given the larger yield.

Sl\t4H'iith jimni.Ml n«p..it. \\\\U h Kxpcriniont SUition, pp. 145, 146.
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The timothy has not yet been displaced by other species to

any noticeable extent, but the poorer showing of the mix-

ture in which it is prominent this year as cora})ared with

last possibly indicates that tlie belief that the Fescue mixture

would ultimately prove the better of the two will be justified

by the results obtained.

IX. — Experiment in the Application of Manure.

This experiment is designed to ascertain whether it is

economically good policy to spread manure during the late

fall and winter, and allow it to remain on the surface until

spring before plowing under. This system in our experi-

ment is compared with the plan of hauling manure to the

field during the winter, and putting it into large heaps. To
insure even quality of the manure used in the two systems,

it is our practice to manure two plots at one time, putting

the loads of manure as hauled to the field alternately upon

the tw^o, in the one case spreading, but in the other putting

a sufficient number of loads to provide for the entire plot

into one large heap. We are using in this experiment five

large plots, each of which is subdivided into two subplots.

For one of these subplots the manure is spread when hauled

out, for the other it is put into a large heap. The area of

these subplots is about one quarter of an acre, and to each

the amount of manure applied is 11,096 pounds. The

manure from well-fed milch cows is used upon eight sub-

plots, and horse manure on two. The manure used in this

experiment is applied at different dates during the winter,

our practice being to allow the manure to accumulate in

the pits from which it is taken until there is a sufficient

quantity for at least two subplots. The condition of the soil

at the time of application and the nature of the weather

which foUo^vs must necessarily difler in the different experi-

ments ; and these differences, together with the difference in

the dates of application above referred to, no doubt in a

measure account for the variation in the results of the two

systems noticed on the different plots.

The crop in this field last year was soy beans. After the

beans were harvested, winter rye was sown as a cover crop.
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Thr .luir uf sowin^r \va.s necessarily late, and the rye went

into the winter very small. There was no injury, however,

from winU-r-killing, and at the date of plowing last spring,

May 14, this ero|) had made considerable growth. The crop

of the im.st season was a mixed growth of Sibley's Pride of

the North corn and Medium Green soy beans for ensilage.

The corn, on account of seasonal peculiarities several times

alluded to in this report, germinated somewhat imperfectly,

and there was sonie damage due to pulling of the young

plants by crows. The pr()i)ortion of corn to beans, there-

fore, was somewhat lower than is desimble. The date of

planting wius June i:^ and 14, the work having been impos-

sible earlier, on account of the wet condition of the soil.

Takin«' into consideration the condition of the soil at the

time of planting and the relatively low temperature of the

.summer, the crop was fairly satisfactory ; but it was un-

doubtedly unfavoraldy aftected in i)laces because of faulty

soil conditions. It was judged that these conditions most

seriously all'ected the several i)airs of })lots directly compared

in the following table as follows: in Plot 1, on the south

half; in Plot 2, on the north half; in Plot 8, on the south

half; in Plot 4, on the south half; and in Plot 5, on the

south half. These facts should be kept in mind in interpret-

ing the results. The rsites of yield per acre and the relative

standing of the several plots are shown in the following

table :
—

Actual ami Relative Yields of Green Forage. — Coini and Soy Beans.

AcTiJAi. Yields (Rates
PEK Acre, Pounds).

Relative Yields
(Per Cent.).

I'LOTH.
North Half,
WinU>r

Application.

South Half,
Sorinjr

Application.

North Half,
Winter

Application.

South Half,
Sprinc

Application.

riot 1 24,r)49 100 92.2

22,002 100 107.4

IMot S, 15,37:) 20,007 100 130.1

Plot 4 22,167 20,595 100 92.9

22,969 22,3'25 100 97.2

AtttMition is called to the fact that the differences this

year, witl» one exception, are not very large, and that with
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the single exception alluded to it is the half-plot on which

the soil conditions were least favorable which ffives the

smaller yield. The winter of 1903 and 1904 must be re-

orarded as havino^ been on the whole favorable to winter

application. The ground, it is true, was deeply frozen be-

fore the coming of snow, but the winter was severely and

continuously cold. There was a noticeable absence of win-

ter rains and thaws, during which water washes in large

quantities over the surface. In estimating the significance

of the result, it must be kept in mind that it costs more to

put manure first into a large heap and then in spring to take

it from this heap and spread it, than it does to spread during

the winter at the time the manure is hauled from the stable.

The money difierence in the cost of handling manure in the

two ways, as shown by our experience, amounts to about

$4.80 per acre. The difference in the value of the crops in

favor of spring application is scarcely sufficient to cover

this added cost, even on Plot 3, where such dijfference was

. greatest
;
and, although the unfavorable soil conditions above

referred to doubtless lowered the product on that special

plot where the manure was applied in the spring in tliree

instances, plots 1, 4 and 5, it seems highly improbable that,

even with equality of conditions, the gain from spring appli-

cation on these plots would have given a degree of superi-

ority sufficient to cover the added cost.

Previous reports have tended to show spring application

to be advisable on this field, which has a considei-able slope ;

and so I still believe it will in the long run prove to be.

The exceptional character of the winter of 1903 and 1904 is

a sufficient explanation of the difierence in average results.

X.

—

Nitrate of Soda for Rowen.

This experiment is an efibrt to determine whether an

application of nitrate of soda after the harvesting of the

first crop will give an increase in rowen sufficient to cover

the cost. The field where the experiment has been a num-

ber of times repeated is a mixed timothy and clover sod.

It is divided into eight plots of like area, these plots being

numbered 1 to 8 and each including about three-eighths of
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an ttcn«. Nitratr soda at the rate of 150 pounds per aere

is applieil to i)lots 2 and 4, wliile the application on Plot 6

is 2()0 pounds, and on Plot 8 250 pounds. To the lemain-

in^r plots no niti-ate is applied. The first crop of hay in

this field wa.s housed on July U. The rate of yield was

»;,31-4 pounds per acre. When this experiment has been

tried in previous years, it has been found a matter of con-

siderable diliieulty to spread the relatively small amounts of

nitrate of soda used evenly ;
and, as a means of obviating

this difficulty, the nitrate used on each plot during the past

s<'a.son was mixed with basic slag meal. The amount of slag

meal applied was 137 pounds per plot, and the slag meal

wa.s applied to the plots receiving no nitrate as well as to

the other«^, and on all in equal amounts. The mixture of

slug and nitrate remained dry, and its even ai)plication was

relatively ea.sy. At the rates used, the nitrate and slag

were mixed in proportions varying from about one nitrate

to three slag to about one nitrate to two slag. Even with

the higher proi)ortions of nitrate to slag, the mixture re-

mained dry and in convenient form for application. The

nitos of yields on the several plots are shown in the follow-

ing table :
—

Nitrafc of Soda for Iloircn.— Yields per Acre (^Poumh).

[Il;i8ir Hlajf meal at tlie rate of 137^i pounds per plot.]

XlTKATE U8EI> (RATES PER At'RE)

.

Yield.

Plotl, . . . 716

1,:}41

riots. . 990

lM(.t4. . Mtratt^ of soda, 15() pouuds, 1,432

lMot5, . 853

I'lolfi, . N itnitt> of soda, 'J(X) pounds 1,234

IMot T, . . No nitrato, 1,021

n..t Nitratt' of soda, iV) pounds, 1,932

Tn the effort to determine whether the application of

nitrate is j)r()fitAble, the yield wherever it has been applied
lia-s IviMi eom|wired either with the yield of the nearest plot,

or, in cases where it is i)ossiblc, with the average yield of
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the two plots between which the plot under consideration

lies to w^hich no nitrate was ai)plied. On this basis, the

average increase due to application of 150 pounds of nitrate

of soda was 499 pounds ; the use of 200 pounds of nitrate

of soda gave an apparent increase of 297 pounds ; while

the application of 250 pounds of nitrate of soda gave an

apparent increase of 911 pounds. The weather during the

period of growth of the rowen crop was too dry for the

best results. At the rates of increase shown, the applica-

tion would be hardly profitable.

XI.— Variety Test, Potatoes.

During the past season we have carried out the second

year's trial of forty-nine different varieties of potatoes,

including practically all of those of recent origin advertised

in prominent seed catalogues up to the spring of 1903, as

well as two or three old standard sorts for comparison . The

seed used this year was grown from the original stock of

each of the varieties on our own grounds in the season of

1903. The seed of all varieties was carefully preserved

during the winter under precisely similar conditions. In

preparation for planting, the tubers were treated with for-

malin for prevention of scab, in the customary manner.

After removal from the formalin solution
,
they were spread

in a thin layer in an airy room April 30, where they were

allowed to lie until the 17th of May, when the tubers were

cut into pieces of about two or three eyes each, and planted.

The soil used in this experiment is a medium loam. It pro-

duced a corn crop in the season of 1903, and mixed grass

and clover seeds were sown in the standing corn. Neither

grass nor clover had made much growth when the field was

plowed on May 3 in preparation for the potatoes. The field

received an application of barnyard manure at the rate of

41/2 cords per acre, and fertilizers at the following rates :
—

Pounds.

Nitrate of soda, . . . . . . • .175
Dried blood, 225

Acid phosphate, . . . . . . . .625
Dry ground fish, ....... 400

High-grade sulfate of potash, ..... ^550
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I^th manure and fertilizers were spread evenly after plow-

in«r, and harrowed in. The varietios grown and the rate of

yield of each are shown in the following table :
—

Varitty Test Potatom.— Jiatcs of Yield per Acre.

Vakietv. Merchantabh
( liUBllCls) •

5 Small
(isusnels).

Atlnilral Voote 208 '25

Beauty of Hebron (home j^'own), '2iU 36

Beauty of Hebron (Maine aeeil) 167 21

Clinton, 104 10

Crlne's LIfflitnlnfc. 210 7

I>au([rhter of Karly Rose 221 8

Daybreak. 167 29

Karly .Ma> . 161 33

Karly Nanry, 225 27

Karly Xorwo<i«l, 215 40

Karly Rt^ne 1

1 256 29

Kniilfrn ni»Kl«\v,
1

1 192 38

Kiireka Kxtni Karly im
Kxtra Karly IMomM-r 204 42

Kxtra Karly Wliiu- I^)rto, 294 b

iiftn ot AriM)Ht<M)k,
248 42

«iovenu)r YnU»H
259 29

Gn^al Divide
273 31

Hamllton'H Karly
225 8

I. X. L.
256 38

John Hull,
217 8

Junior i'rblf
171 38

Kalner Krone
50

KInjf of Ml«-iil^n
60

KhiKof 0|||„
29

Market Prize,
256 8

Mnvlmji,
263 31

Mllll..n !)oll...r

MIIIb* New I{4>M> Rtvuity, . . . _

225 13

263 15
Mllwnuktv,

26

33

N«'W Knrly Wis«-«tn«ln, .

183
New Siirj'rlw

204
•

29

263 27Nome,

Nott'ii Peni hl.low, ... 204 13

192 14
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Vanetij Test Potatoes. — Hates of Yield per Acre.— Cont'ludeil.

Variety. Merchantable Small
(Bushels). (Bushels).

217 11

223 10

206 17

208 14

156 31

248 14

319 25

252 g

268 38

140 48

197 17

185 33

146 27

The growth of practically all varieties was normal and

healthy. The vines were sprayed twice with Bordeaux

mixture for prevention of blight and rot. The treatment

was successful, and the yield of most varieties was good.

One variety, Simmon's Model, gave a yield exceeding 300

bushels per acre. The smallest yield is that given by the

Clinton, — 104 bushels of merchantable tubers per acre.

Six varieties, mentioned in the order of their productive-

ness, gave yields of merchantable tubers at rates between

260 and 300 bushels per acre, viz. : Extra Early White

Rose, Great Divide, Steuben, Maxima, 1904, Mills' New
Rose Beauty. The Beauty of Hebron, which in previous

variety tests has given yields almost as large as any under

trial, takes a lower rank as the result of the test of last

season.

XII. — Poultry Experiments.

The poultry experiments of the past season have followed

along precisely similar lines to those followed last year.

We are making an effort to tlirow light on the question as to

the proper selection of feeds for laying fowls.

1. In the experiment comparing wheat with corn, animal

meal being the source of the animal food used, the following
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results wero o!)tainc(l : for the first period, February 3 to

May 17, the wheat ration produced eggs at the average rate

of .4333 l>er hen day ; the eorn ration at the rate of .3837

l)cr hen day; in other words, 100 hens would have laid per

duv on the wheat ration 43% eggs, and on the eorn ration

practically 3^1/3 eggs per day. For the second period, May

17 to September 30, the wheat ration produced an average

of .1011 eggs per hen day, the corn ration .20(i7 eggs per

hen day ; or, in other words, 100 hens Avould have laid on

tlie wheat ration about l^Vio eggs and on the corn ration

20% eggs per day. The average food cost per egg pro-

duced was for the wheat ration .611 cents, for the corn

ration .')().') cents for the first period ; while for the second

IH'riod the cost per egg on the wheat ration was 1.657 cents,

and on the corn ration 1.315 cents. The gross cost of the

food on the wheat ration varied from a])out .24 to .30 cents

per day for each fowl, while on the corn ration the cost

varied from about .17i/l> to al)out .26 cents per day. The

vield of eggs during the second period was very small. The

small average product is to be attributed largely to the fact

that the period was continued beyond the date when the hens

began to molt. The 20 hens on the wheat ration laid only

82 eggs during the hist two months of the experiment, while

those on the corn ration laid only 158 eggs during the same

time.

2. In the experiment comparing wheat with corn, with

milk albumin as the source of animal food and with corn oil

added as a source of fat, the egg product was as follows : for

the first period, February 3 to May 17, the wheat ration pro-

duced eggs lit the average rate of .463 eggs per hen day, the

corn ration .4324 eggs per hen day ; or, in other words, 100
hens would have laid on the wdieat ration practically 46%
eggs per day, and on the corn ration 43^/4 eggs per day.

For the second period the wheat ration ofave an averasfc of

.3109 eggs per hen day, the corn ration .3017 eggs per hen
day : or, in other words, respectively for the wheat ration

an avenige of 31 eggs per 100 hens daily, and for the corn
an average of 30yo eggs. The food cost of the eggs in this

exiH'riment was as follows : for the wheat ration during the
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first period .5471 cents per egg, for the .second i)eriod 1.340()

cents ; for the corn ration the figures were for the first period

.3932 cents per egg, and for tiie second .918 cents. The

cost of feedino^ the hens was : for the wheat ration diirinsr

the first period at the rate of .227 cents per da}', for the

second period, .39 cents ; for the corn ration the cost of

food for the first period was .l').) cents per hen daily, for

the second period .263 cents. The egg yield in tliis as in

the other experiment is very low for the second period. The

causes are similar to those which have been pointed out

under 1.

3. In the experiment comparing wheat with rice, and with

milk albumin as the source of animal food, the results have

been as follows : for the first period the egg production was :

for the wheat ration .3813 per hen day, for the rice ration

.4077
;
or, in other words, from 100 hens dailj' respectively

about oSYs and 40% eggs per day. For the second period

the averages were on the wheat ration .2244 eggs per hen

day, and on the rice ration .3018 eggs per hen day ; or from

100 hens daily respectively nearly 22i,'2 ^i^d a little more

than 30% ^gg^ per day. The food cost of the eggs has

been as follows : for the wheat ration for the first period

.6976 cents, for the second period 1.59 cents; for the rice

ration for the first period 1.1863 cents, for the second period

2.379 cents. The cost of keeping the hens has been as fol-

lows : for the wheat ration during the first period .2414

cents per hen daily, for the second period .34 cents ; for the

rice ration for the first period .4442 cents per hen daily, and

for the second period .7003 cents.

The ration including rice this year as last has given one

of the most satisfactory egg products obtained. The high

cost of this food at the present time seems to preclude its

becoming a question of much practical importance whether

rice is well or ill suited as a food for egg production. We
have introduced it in our experiments as a means of testing

the question as to whether fat is an important constituent in

the food for laying hens, rice being lower in fat than any

other grain we can obtain. The large egg product where

rice is prominent among the foods used seems to indicate
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tliat fat 16 less important than has been judged as the result

of some of our earlier experiments. Among the various

grains, cleaned rice, as put upon our markets, contains least

fib<T, and rice is known to be the most digestible of all the

grains. It is ixTliai)s those pecularities of this grain which

account for its ai)parent good etfect on the egg product.

The nutritive ratios in the food com])inations used in the

different cxi)eriments of the past year have been as foUow^s :
—

For the rations where wheat is compared with corn with

animal meal as the source of animal food : for the wheat

ration, 1 : 4.4«5 ; for the corn nition, 1 : 6.42.

For the experiment in which wheat is compared with corn,

milk albumin being the source of animal food : for the wheat

ration, 1 : 4.48 ; for the corn ration, 1 : ().18.

In the expi'riment in which wheat and rice have been

compared : for the wheat ration, 1 : 4.35 ; for the rice ration,

1 :(>.2.

Our experiments throw relatively little light upon the

jpH'stion as to the proper nutritive ratio in feeding for eggs.

The factoi-s affecting the egg yield must be numerous, and

others tlian the question of the nutritive ratio in the foods

given to the fowls must often determine the results. The

fa^'t that we have the most satisfactory egg yield obtained

during the j^st year on the rice ration, with a nutritive ratio

of 1 : 6.20, does not at least seem to support the opinion that

the nutritive ratio in feeding for eggs should be narrow.
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REPORT OF Tim HORTICULTURISTS.

F. A. WAUGH; GEO. O. GREENE, ASSISTANT.

The work of this division has followed the plans outlined

in the reports of 1902 and 1903. The following subjects

are ready for discussion, and reports are made herewith :
—

I. Report on plums.

II. Experiments in pruning peach trees.

III. Growing chrysanthemums for a retail trade.

Keport ox Plums.

The horticultural department has a fairly large collection

of plums. A number of these are represented by several

trees each, enough to determine their commercial quality.

The plum crop of 1904 was unusually good ; it was abundant

in quantity, and generally of good quality. This was true

of all classes of plums, practically every variet}^ on the

grounds bearing a normal crop. This furnished an excellent

opportunity for making observations on the different vari-

eties. The notes follow below. It has been thought best

to omit any extended description of these varieties for the

present. This form of report is justified by the fact that

nearly all the varieties mentioned are old and well-known

sorts. The notes this year are valuable chiefly in showing

the behavior of these well-known varieties in this particular

locality. The problem of local adaption of varieties is now-

adays considered to be one of the most important in horti-

culture, and in no class of fruits or vegetables are these local

adaptations more complicated than with pkuns. The vari-

eties below are classified as nearly as possible into the more

commonly accepted pomological groups.
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DomesticAS.

Afjen (Prune (TAgen). —Tree unhealtliy and a poor grower,

mwlerately productive, an irregular cropper; fruit very good,

but not so briglit nor large as in some localities.

Bra(lshaw.—'T\\\& is one of the best plums of its class, and,

indeed, one of the best market and home-use plums of any

ela88 on our grounds. We liave about twenty young trees in

bearing which gave a good crop in 1904. The tree is a strong

Bomewliat upright grower, does not come early into bearing,

but bears well after reaching an age of eight to ten years. The

fruit buds do not seem to be tender here, as they are in some

localities. The fruit is large, smooth, bright and of excellent

quality.

lin/nnsfane. — Tree an irregular and slow grower, late and

irregular in hearing; not reliable. Fruit small to medium in

size; of good quality.

(li/man. — Represented only by a single specimen, which

bears sparsely and does not seem to be of any value.

Dnnie Aubert ( Vellnw Egg^ Magnum Bo7ium). — Tree rather

upright in growth, fairly strong and hardy, but does not bear

heavily. Fruit large and fine, but very subject to rot.

Damsons. — Several varieties of Damsons are included in our

collection, among which the French Damson seems to be the

best ; this bears fairly well, but by no means as abundantly as

in some sections.

Diamond. — A fairly strong, healthy tree, coming late into

bearing, and yielding uncertain crops here.

Englebert {Prince Englchert). — Tree upright, strong and
Imrdy ; does not come early into bearing, but yields good crops

after reaching ten years of age. Fruit of medium size and fair

(piality.

FeUenhurg (TtaUan Prufie). — Tree round-topped, bushy,
with spreading irregular branches; does not bear until eight or

ten years of age, and then not very heavily. Fruit of good
quality. This variety does not rank so highly as a market plum
as in western New York or Michigan.

F/V/r/. —Tree seems to be not very strong and healthy, but
bears fairly well. Kniit of excellent quality. This is a promis-
ing, niediuiu early plmu.

fhanf /*ru nr. ~- Our trees are young and poor, and have
borne ouly a few saiuples. Tlie fruit is large and attractive.
This \arirty is worthy of furtlier test.
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Gueii. — Tree rather a bushy grower; fairly productive.

Fruit small, sour; not of the best quality.

Hand.— Tree a large, strong grower
;
shapely

;
notably unpro-

ductive. Fruit large, fine, showy. This variety is certainly not

worth planting, the objection being its unproductive character.

Lincoln. — Tree not very strong or sound, and fruit not of

very good quality. Not to be recommended, on the basis of our

experience.

McLaughlin. — Tree unhealthy and a poor grower; not bear-

ing very heavily. Fruit not so smooth and highly colored as

in some sections, but still of very fine quality. In spite of its

imperfections of tree, this variety is worth growing on account

of its high quality; it would not be profitable in a market

orchard.

Moore's Arctic.— Tree vigorous, upright, strong, hardy; pro-

ductive, and coming fairly early into bearing. Fruit small;

rather poor quality.

Peter''s Yelloio Gage. — Tree not vei-y vigorous or hardy ; a

slow grower. Fruit small, and not very good for this variety.

Pond. — Tree large, strong grower
;
fairly productive. Fruit

large and excellent, but very much subject to rot, and unprofit-

able on that account.

Qiiackenhos. — A very good, medium-sized tree, fairly pro-

ductive. Fruit medium size ; clean and fair quality for one of

the small blue plums. This is probably the best of the so-called

blue plums, with possibly the exception of Englebert.

Reine Claude. — Tree an irregular grower ; not very vigorous,

and only moderately productive. Fruit medium size and quality

for this variety; considerably subject to rot. This takes the

place of the old-fashioned Green Gage, being a larger, better

and later variety. It is a very fine plum for canning, but could

not be profitably grown for the market in this locality.

Saratoga. — Our single tree of this variety is small, and not

very productive
;
unpromising.

Smith''s Orleans. — Tree moderate size, somewhat irregular

in growth
;
moderately productive. Fruit not so large or fine

as it should be in this variety.

Tragedy. —We have only one tree of this variety, just coming

into bearing; promising.

Victoria.— Tree moderately large
;
irregular in growth ; mod-

erately productive. Fruit of medium size and excellent quality

;

somewhat subject to rot.

Washington. — In almost all respects like Hand, which see.
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Japanese Varieties.

Abundance.— Tree upright, early bearing; very much sub-

ject to .lisease. This is probably one of the poorest trees to

be found amongst the Japanese plums. Fruit of good size

and good quality; somewhat subject to rot; very apt to be

eaten by birds.
' We would entirely discard this variety as a

commercial i)lum, on the basis of our experience, and could

not recommend it liighly for planting for home use. Tliis

experience we are aware is different from that of some other

phun growers in New Knghmd.

Uurba/ik.—Tn^e vigorous, spreading, hardy; comes early

into bearing, and is very productive. Fruit medium to large,

good ipuility ; less subject to rot than most plums. This is the

most profitable and productive market plum on our grounds.

Chnhut. — Tree upriglit, vase form; liardy, prolific. Fruit

medium size, round red; fair quality. Tliis is an excellent

market plum, medium to late in season.

(Unrffcson. — Tret' spreading, rather large growing, vigorous

and luinly; fairly prolific. Fruit large, yellow; good quality.

This is an excellent canning plum, and worth growing in this

section, although it does not sell well in the markets on account

of its yellow color.

Ifale. — Tree upright, very vigorous grower; somewhat sub-

ject to winter-killing; coming rather late into bearing, never

bearing abundantly. Fruit medium size, round; excellent

quality. According to our experience, this variety is not worth

planting in this section.

Ortither Purple. — Tree vigorous, upright, and very strong

grower; somewhat subject to winter-killing; coming late into

bearing, but giving moderate crops after reaching an age of

seven or eight years. Fruit medium size, rather dull color;

good quality. The variety does not seem to be of any special

value in this section.

Parnfjon. — Somewliat like Chabot, but of no special value.

lifil June. — Tree spreading, vase form; vigorous and rela-

tively liardy. The fruit buds on this variety are less hardy
than on Burhank, however, sometimes being killed while Bur-
bank survives. Trees bear early and abundantly. The fruit

is one of the first to come into the market, and, though of

8econ<l quality, usually brings a fair price. This is proved to

bi» a profitable plum with us.
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Sfttsuina. — Tree upright, spreading, moderate grower; not

very hardy, bearing rather sparsely. Fruit usually small witli

us; of indifferent quality. Although tliis variety succeeds in

other localities in the Connecticut valley, it is of no value liere.

Hybrid Varietip:s.

Apple. — Tree very vigorous, sprawling grower
;
hardy, com-

ing fairly early into bearing. Fruit medium large, round ; dark

red with red flesh. On our grounds this variety promises to

take the place of Satsuma, to which it seems to be superior in

most respects.

Compass Cherrij. — An interesting hybrid curiosity, but of

no value.

Doris (doubtfully placed among hybrids). — Tree spreading,

vigorous, hardy. Fruit small, watery; of no value.

Duhe. — Tree medium strong, upright; fruited this year for

the first time ; of doubtful promise.

Gold (of Stark Brothers).— Tree small, spreading, irregular

in growth
;
hardy, bearing early, but never abundantly on our

grounds. Fruit round oblate, medium size, yellow, watery;

poor quality, ripening very unevenly; much subject to rot.

This variety is of no value with us, and our trees have been

mostly grafted to other sorts.

Juicy. — Tree strong and hardy. Fruit small, yelloAv; of

no value.

]Yichso)i. — Tree upright, strong grower; rather tardy in

coming into bearing, and never bearing heavy crops ; fruit buds

tender, apt to be frozen. Fruit of medium size, variable in

quality
;
ripening very irregularly. This variety is not to be

recommended here.

Native Varieties.

There are on tlie grounds several native varieties, mostly

Americanas, Hortulanas and Chickasaws. Some of these do

fairly well, but none of them have conspicuous merit as grown

in this section.

Marketing Pluins,

The very excellent crop of 1904 gave us an opportunity

to study the manner in Avhich plums can be sent to market.

For the most part the crop from the department of horti-

culture of the Massachusetts Agricultural College was mar-

keted in three-pound baskets, such as arc used for grapes
;
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whrn these were shipped ])y freight or express, they were

lacked in <-rate.s holding approximately one bushel. This

.style of package proved generally satisfactory ;
it furnishes

about the quantity of fruit desired by most purchasers.

In making local sales, especially of plums for canning pur-

IKjses, a larger i)ackage was usually more satisfactory. The

so-called Jersey peach basket, holding sixteen quarts (one-

half bushel), is the cheapest and most convenient.

In some cases, where fancy plums are designed for the

fruit stand trade, they may be put up in quart baskets, such

a.s are used for strawberries. We find these also satisfactory.

'I'his whole matter may be sunnnarized by saying that

most markets are not fastidious with respect to the form of

iwickaire used for })lums. Any small, neat basket or box

will answer, if the fruit is of good ((uality and Avell packed.

K\im:kimi:ms i\ Pruning Pkacti Trees.

Tlie (IcjiMrlmcnt of horticulture has under way a series of

experiments and special studies in i)runing fruit trees. Re-

ports on various phases of this work ^vill be made from tune

to time as results are reached. At the present time we are

able to make a report of progress in the experiments in

pruning peach trees.

1. 77/ r Res^ults of Xo Pruning.

One row of trees in the principal peach orchard has been

left ejitirely without pruning from the first. This row runs

crosswise of the variety rows, and therefore contains trees

of all the varieties in the orchard, as follows: Oldmixon,
Triumph, Mount^iin Rose, Elberta, Early Crawford, Late

Crawford, Crosby. Thi» trees are nine years old.

These trees, left unpruiu^d for nine years, arc plainly dif-

fen'nt from adjacent trees of the same varieties which have
Ihm-h pruned. Surprising as it may appear on first state-

ment, they arc mor(> o])en-headed. They have generally
assumed a vase fonn. The interior wood has died out, leav-

ing the centres open, and at the same time leaving the lower
imrt of tlu' main branches bare. The fruitin<r wood is

sparse, weak and high up in the trees. The trees are very
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much less thrifty and vigorous than the pruned trees of the

same varieties. This lack of vigor is so marked that some

of the weak trees succumbed more or less completely to the

severe freezins^ of last winter.

The trees next the unpruned specimens have been headed

back two or three times. They were all headed back mod-
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o o o O O O O O O O o o O O O O O O O
A A A A A A A A A A
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a
Map of Experimental Orchard. — A shows apple trees 40 feet apart; the circles

show peach trees unpruned ; the half-circles show those slightly headed back ; the

squares indicate trees severely headed in ; the triangles show trees cut back to stubs

;

the blackened figures represent trees which died in 1904.

erately in the spring of 1902 and again in the spring of 1903,

and some of them were headed back again in the spring of

1904. The trees so treated are thick-topped, with a good

deal of weak, sappy growth on the inside, — a condition

which is manifestly objectionable. On the other hand, the
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uiHiuul <:r()\Nlli has been nuuh more vigorous, and the health

of the trees has been much better. More and stronger fruil

buds liave been formed, but unfortunately the successive

freezes of the last two winters have killed the buds, and made

a eoini>arison of fruit crops impossible. The main branches

of the hcaded-back trees are shorter and stronger than those

of the unpruned trees, and are obviously better able to sup-

port a larirc crop of fruit.

This exp<'riment, which was begun by Prof. S. T. May-

uard, and which has been continued through several years,

has >hown coiu-lusively that the best form of peach tree can-

not be secured and maintained without pruning.

2. The l\lJh-( (if'
Jleadinr/ Back.

Vav\\ spring, in the years 11102, 1903 and 1904, a number

of trees in the college peach orchards were headed back.

This shortening-in of the branches varied in amount : some-

times only one-third of the i)revious year s growth was cut

away, sometimes one-half the years growth was taken oflf,

sometimes two-thirds was removed ; in a few cases the trees

were pruned clear back into two or three year old wood ; in

the majority of cases the heading-in amounted to about two-

thirds of the previous year's growth. The cutting back in

1!)03 and in was more severe than it would have been

had not the prospective fruit crop been wiped out by

freezing.

In nearly all cases it was possible to compare trees thus

headed in with other trees of the same varieties not so treated.

The results were uniform and unequivocal. The trees

headed back always made a more healthy and vigorous an-

nual gi-owth than the trees not so treated. In many cases

the ditference was remarkable, the growth of the })runed trees

being from two to ten times as nmcli as the unpruned trees.

More and larger fruit buds formed on the pruned trees, and

the shorter, stockier branches seemed better prepared to sup-

port a possible fruit crop. The foliage on the pruned trees

was notibly larger, more abundant and darker green. There
was some tefidency to the formation of weak shoots on the

shaded interior branches.
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The conclusion Avliich wc have reached from this experi-

ment, contiimed through three j^ears, is tliat the heading

back of peach trees in early spring is good practice, and in

all cases advisable. In this pruning from one-third to two-

thirds of the wood of the previous year should be removed.

In determining the exact amount to be cut away, the judg-

ment of the fruit grower will be influenced largely by the

number of living fruit buds in the one-year-old wood. If

there is a crop in prospect, he will leave enough fruit buds

to set the desired quantity of fruit. In years when, from

one cause or another, there are no living fruit buds, he will

take advantage of the circumstances to cut back with com-

parative severity. Only in extraordinary instances, how-

ever, will he remove all the previous year's wood, cutting

back into two or three year old branches.

3. Summer Pruning.

It has been noted above that trees which were headed back

in the early spring pruning showed a tendency toward the

formation of many weak and useless shoots on the interior

of the head. Experiments in summer pruning were begun

with a view to the correction of this tendency, and also with

a view to stopping the really inordinate extension of the

main annual shoots of the current year. The two problems,

however, were met in different w^aj^s.

The formation of weak sprouts on the interior of the tree

is due chiefly to the exclusion of light. The external foliage

of the tree top becomes so dense that the interior is shut oft'

from the light and from much of the air. To improve the

situation in this respect we have gone through the orchard

once or twice between the middle of elune and the middle

of July, removing a considerable quantity of the new leafy

shoots on the outside of the tree. A quantity of the out-

side shoots and foliage was thus removed sufficient to admit

a reasonable amount of light to the inside of the tree top.

The w^ork was done with a pair of hand pruning shears, or,

when the branches were soft, they were simply torn out

with the bare hands. The latter method is preferable, be-

cause more expeditious.
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Ill no rase wore the results of this treatment convincing.

The formation of strong shoots with fruit buds on the in-

terior branches was never visibly promoted. The outside

branrhes whieh were allowed to remain seemed to profit

somewhat by the removal of their crowding neighbors, and

this was apinirently the chief benefit derived from the work.

On the whole, it does not seem to us tliat this practice is to

Ix' greatly recommended.

To correct the over-growth of outside bi*anches, the plan

was tried of cutting back the young growth. The tips were

pinched or the shoots were pruned with hand pruning shears.

Sometimes a foot or so of new growth was removed. The

pruninir was done at various seasons, usually some time in

.Inly.

In all cases this treatment was unsatisfactory. The stop-

piniT of the growing shoots is often — almost as a rule—
followed by the pushing of side buds, and the shoots thus

formed are nearly always too weak to set fruit buds, yet in

putting out they ruin what might otherwise become strong,

sound fruit buds.

Pruning to renew Frozen Trees.

As the s])ring of 1903 drew on, it was plain that more

or h'ss injury had been sutlered by the trees in our peach

orrli:u*ds. In the spring of 1904 the damage was still more

obvious and widespread. In both years some experiments

were made to learn the best manner of handlinof a winter-

injured tree.

The damage in the si)ring of 1905 proved to be small,

and measures designed to have a corrective eU'ect therefore

showed meager results. All the trees came off about equally

well, no matter how treated. Some were lightly headed in,

some wvvv severely headed in, while a few were cut back
nearly to the main trunk, leaving only the stubs of the main
branches. In every case not otherwise to be accounted for

the tree recovered and made excellent growth.
In the spring of 1904 the trees were seriously weakened

by freezing, and some were killed outright, so as to be
N'yond the reach of any remedial treatment. It should be
said, however, that the damage proved to be less sweeping
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than was feared at the time the 3^ear'.s experiments were out-

lined. It was decided to lay off the orchard where this

experiment was to be made into four bh)cks, to be given

different kinds of treatment, as follows : (1) the first bhjjck

was to be left entirely without pruning
; (2) the second

block was to be pruned in midsummer, after the trees had

started ; (3) the third block was to be cut back, from two-

thirds to three-fourths of the previous year's growth being

removed ; (4) the fourth block was to be headed back near

to the trunks, only the stubs of the main branches being left.

A certain percentage of these trees died during the j-ear

of 1904. The general result can be seen in the following

table :
—

Statistical Summary

.

Total
Number
pruned.

Living,
Autumn
of 1904.

Dead,
Autuuin
of 1904.

Per Cent.
Living.

1-21 113 8 93

Moderately cut buck 48 1/2 99

Severely cut back, 68 .o5 13 81

46 24 22 52

It will be seen that the trees cut back to the trunks (
'

' de-

horned ") suffered the worst ; those severely cut back lost

a larger percentage than those unpruned. A careful exam-

ination of the orchard itself makes it seem that the difference

between blocks 2 and 3 in this respect is considerably ex-

aggerated by the statistics. Some of the deaths in block

3 were apparently due to other causes, and should not be

charged up against the pruning. Moreover, the growth

made by the headed-in trees which lived was decidedly bet-

ter than that made by the unpruned trees. The judgment

of all those who saw the orchard and examined it carefully

during the latter part of the sunmier of 1904 was that the

trees moderately cut back showed the best growth and were

in the best condition.

It at least seems clear that the trees seriously weakened

by freezing should not be cut back close to the main

trunks.
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Growing Ciirysantiiemois for a Retail Trade.

Bv Fkakcis Canning.

The work in the college greenhouses has to a certain ex-

tent been carried along on the lines and in many respects

similar to that of a country florist's establishment, having a

local trade. The many problems which present themselves

under such conditions have been the subject of considerable

experiment.

A florist's establishment in a country towm is managed on

a very different basis from that which obtains in growing

cut flowers for the wholesale market, where two or three

varieties of flowers are grown in quantity.

To meet the demands of a local trade requires the handling

of a largo variety of cut flowers and plants, not nccessaril}'

large in quantity, yet sufficient to meet the demand when

any particular variety is in season.

One of the principal crops a florist grows under such con-

ditions is the chrysanthemum, and it necessarily follows that

he must be familiar with the earliest and latest flowering

varieties, so as to prolong the season as far as possible. He
nmst also ascertain which varieties are the best adapted for

pot plants, also the colors which suit his trade.

The chrysanthenmm having a short season, it follows that

considerable forethought is necessary in the arrangement of

space devoted to it ; it frecjuently means the crowding of

some other crops until that occupied by the chrysanthemum
becomes available. To the uninitiated the transformation at

the close of the chrysanthemum season, from beds flUcd with

blooming plants to those occupied with other material, seems
reniarkul)le

;
yet the florist has long prearranged this matter

ill his mind. At this stage the saving of the necessary stock

plants is done. In this connection a weedine: out of unde-
sinii)le varieties, or varieties that do not reach the standard
in the grower s judgment, is accomplished. Various methods
of saving the stock plants are practised ; but we have found
the use of boxes five or six inches in depth, Avith provision
for drainage, to be a good method. It is better, however,
not to mix several varieties in one box, for even though
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placed 8ei)arately, the creeping steins will invade each other's

territory, and result in mixing the varieties when the cut-

tings are taken. The boxes should be attbrded a reasonably

good place in a cool greenhouse, where the sun may reach

them, so they do not have a soft, spindly growth, a condi-

tion exceedingly detrimental to future success.

Propagating commences in February, or much earlier

when any special variety is to be considerably increased.

After two batches of cuttings have been rooted, the boxes

containing the stock plants may be thrown away, depending

upon the newly propagated plants for future cuttings. From
the earlier-rooted cuttings the varieties suitable for pot plants

are selected, and are potted on as their needs demand. For

the general stock for benching, or, in other words, for the

cut flowers, the best time to propagate is from April 15 to

May 1 ; thus suitable provision is made to have strong plants

in two and one-half or three inch pots by the time the season

arrives for planting. No specific date in this connection is

observed, some florists commencing to plant in May and

others late in July ; but when the propagating has taken

place at the previously mentioned date, the plants will be in

good condition from the 15th to the end of June.

The question as to the advantages of solid beds or benches

is of some interest. Our experience has been in favor of

solid beds. We are, however, favored with a soil of a por-

ous character, and gravelly subsoil, which for solid beds

insures a good drainage,— a necessity for this crop. Wher-

ever one may secure similar conditions, it would seem ad-

visable to adopt this method, and thus avoid the expense of

building benches and keeping them in repair.

The young plants are planted in rows eight inches apart

each way, allowing two or tliree shoots to form, and thus

secure the same number of blooms from each plant.

The soil used for benches and pot plants is a good, tuify

loam, and is composted the previous fall or in the early spring

of the same year. To three parts of soil is added one part

of well-rotted manure, with bone meal to the amount of one

quart to the barrowful of compost. To avoid fungous dis-

eases, keeping the plants in good health by careful culture
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i> the best preventative. For disposing of the ever-present

aphiH, or black tly, fumigation with tobacco has proved the

surest and cheapest remedy. Thi-oughout the year chrys-

anthemmns should be subjected to a weekly fumigation, the

prevention of insects being especially desu^ble in theu- suc-

cessful management.

Abfiut forty varieties of chrysanthenmms are grown in the

college greenhouses, many of them represented by a few

plants only, to ascertain their merits for such a trade as ours.

This method of becoming acquainted with newer varieties

should Ik' adopted by all progressive florists. The fact re-

mains, however, that many older varieties have not yet been

suiKJi-si'dcd. Not infrecjuently the size of bloom has been

tlie princii)al point in favor of the newer introductions,

sacrificing in some instances their purity of color.

The following varieties have proved themselves well

adapted for u local trade, being easily grown and naturally

vigorous. Ill their order of flowering they are : white,

—

Polly R()si», Ivory, Alice Byron, Queen, Timothy Eaton,

W. 11. Chadwick, Merry Christmas; pink, — Glory of the

Pacific, Pink Ivory, George Carpenter, Mrs. Perrin, Mrs.

C. F. Rerw iiid, Mrs. S. T. Murdock, Maud Dean
;
yellow,

—

Sinclair, Robert Ilalliday, Colonel Appleton, Major Bon-

affon, \y . 11. Lincoln, W. H. Reiman
;
bronze,— Brutus,

Sunrise, Pctaluma
;

red, — Gettysburg, Malcome Lamond,
Culliiigfordii. The varieties that do well as pot plants are :

Ivory, Alice Byron, Pink Ivory, Mrs. Perrin, Mrs. S. T.

Murdock, Mrs. C. F. Berwind, Sinclair, Major Bonaflfon,

W. II. Lincoln, Bnitus, Sunrise, Culliiigfordii.

The singles and pompons should not be overlooked. They
may bo grown in i)()ts with very little disbudding. They
have a wide range of colors, and make salable pot plants

;

the white ones aflbrd good material for designs, etc. Among
the l)est may be mentioned Snowdrop, President, Julia

Ljigravere, Queen of England, Mizpah, Buttercup.
A great aid in the matter of testing the qualifications of

varieties is the use of the scale for judging" adopted by
the Chrysanthemum Society of America. In scaling a va-
riety a searching investigation is made, and many defects are
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apparent not ordinarily observed. In the work of the class

in floricuiture in the Massachusetts Airriciiltiiral Co1I('«j:(^

special enii)hasis has been placed upon judgin<>: chrysanthe-

mums. Some practice will soon develop a rapid and correct

estimate of the merits of varieties, and should prove valuable

to the average florist.

The commercial scale is as follows :
—

Color,

Form,

Fullness,

Stem,

Foliage,

20

15

10

15

15

Substance,

Size, .

Total,

The score upon a number of varieties follows

:

Mdjor Donaffon.

Color,

Form,

Fullness, .

Stem,

Foliage,

Substance, .

Size, ....
Total,

18

12

10

15

15

12

10

Black Hatch.

Color,

Form

,

Fullness,

Stem,

Foliag-e,

Substance,

Size, .

Total,

92

20

7

10

7

12

The Queen.

Color,

Form,

Fullness, .

Stem,

Foliage,

Substance, .

Size, ....
Total, . .

Colonel Ajyj^lcto?!.

Col(fr,

Form,

Fullness,

Stem,

Foliage,

Substance, .

Size, .

Total, .

15

10

100

15

10

6

15

10

8

10

74

20

12

8

13

10

12

10

85

These scores may vary from those awarded the same

varieties by the Chrysanthemum Society of America. Our

conditions may be accountable for the variation.

Some varieties present features especially desirable for a

retail trade, — good keeping (jualities, oddities in shape or

color, etc. Those presenting desirable features, from two

or three years' tests, follow :
—
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lUier, Mrs. d. F. — Known as Yellow Jerome Jones, and

presents many of the fine characteristics of tliis fine variety.

Herwind, Mrs. C. /'. — Dark pink, with silvery reverse;

goml keeper; a desirahle kind.

lilack Ihuvh. — Dark crimson ; one of the handsomest of this

color, and should be grown where there is any demand for this
'

color.

Brutus. — Orange red; very dwarf in character; makes good

pot plant and cut flowers; a desirable color, and satisfactory.

liynni. Miss Alice. — One of the best whites; makes a fine

pot plant, and good for cut flowers.

Carpenter^ George.— Medium early, dark pink flower; there

is a demand for tliis variety when well grown.

Chillis, (m. II. — One of the best dark reds for cut flowers.

Dean^ Maud. — One of the best pinks; large flower, good

8ha|)e; fine for Thanksgiving trade.

(iolden Trophy. — A desirable kind for pot plants.

Idavan. — Fine solid pink flower, shading to cream; a few

are (U^sirahle.

Intensity. — Red ; a good pot plant.

Jonvs^ Mrs. Jerome. — One of the best whites.

Liberty. — A good late yellow; grown cool, will last till

riiristmas.

Merry Christmas. — A correspondingly late wliite variety.

Millbrook. — An odd salmon pink; a few pot plants may be

serviceable.

Murdork, Mrs. S. T. —^ desirable kind for cut flowers and
plants; shell pink in color.

Mutual Friend. — A good white variety.

Petalu ma. — An odd quilled-petalled variety ; bronze or brown
in color; good keeper.

Philadelphia. — Lemon yellow; globular flower; good for

fancy trade.

Pitcher, Miss Gearyiana. — A good old robust yellow variety,

easily grown.

Ueimau, W. //.—Yellow globular; late, good for Thanks-
giving ami later.

Rose, Polly. — An iiulispensable early variety.

Sunderhruch, If. /..—An early yellow; fine large flowers;
good for pots.

Many other prominent varieties are beini? tested, a second
year IxMiig dcsiml,lo, to determine their value.
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Grass and clover, soil test with, 136
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Nutrition of horses, 43
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Phenological record, keeping of 35

Phosphates, comparison of, 131

Experiments with, summary of results to date, 132

Phosphatic slag, analyses of, 108

Discussion of, 107
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