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The following bulletins are still in stock and can be far-

nished on demand :
—

No. 27. Tuberculosis in college herd; tuberculin in diagnosis;

bovine rabies
;
poisoning by nitrate of soda.

No. 33. Glossary of fodder terms.

No. 35. Agricultural value of bone meal.

No. 41. On the use of tuberculin (translated from Dr. Bang).

No. 54. Fertilizer analyses.

No. 55. Nematode worms.

No. 57. Fertilizer analyses.

No. 59. Fertilizer analyses.

No. 63. Fertilizer analyses.

No. 64. Analyses of concentrated feed stuffs.

No. 67. Grass thrips ; treatment for thrips in greenhouses.

No. 68. Fertilizer analyses.

No. 69. Rotting of greenhouse lettuce.

No. 70. Fertilizer analyses.

No. 71. Concentrated feed stuffs; condimental stock and poultry

foods.

No. 72. Summer forage crops.

No. 73. Orchard experiments ; fertilizers for fruits
;

thinning

fruits
;
spraying fruits.

No. 75. Fertilizer analyses.

No. 76. The imported elm-leaf beetle.

No. 77. Fertilizer analyses.

Special bulletin,— The brown-tail moth.

Special bulletin, — The coccid genera Chionaspis and Hemichion-

aspis.

Index, 1888-95.

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

supplied only to complete sets for libraries.

An outline of the more important work undertaken and

the results secured is all the limits of our space will allow.

From a series of experiments on the effect of feed on the

compounds of milk and on the consistency of butter, partic-

ularly the effect of cotton-seed meal with a minimun amount

of oil and likewise with the addition of cotton-seed oil on

the relative properties of the several ingredients in milk and

butter fat and on the body of the butter, the results seemed

to be as follows :
—
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1. Cotton-seed meal with a minimum percentage of oil

did not alter the percentage composition of the milk.

2. The addition of one-half to three-fourths of a pound

of cotton-seed oil to the cotton-seed meal appeared to in-

crease the fat percentage in the milk about .4 of 1 per cent.

(5 to 5.4), and this increase was maintained during the six

weeks of the feeding period.

3. The substitution of Cleveland flax meal for the cotton-

seed meal and oil resulted in a decrease of the butter fat to

about the percentage found in the first period, while the

nitrogen percentage was increased. This change in com-

position was probably due to the removal of the cotton-seed

oil from the ration, and not to the influence of the flax meal.

4. Cotton-seed meal with minimum oil caused no marked

variation in the chemical composition of the butter fat.

5. The addition of cotton-seed oil to the cotton-seed meal

ration produced a noticeable increase in the melting point

and iodine number of butter fat.

6. Cotton-seed meal with a minimum oil produced a firm

butter.

7. The addition of cotton-seed oil, while it increased the

melting point of the butter fat, produced a softer, more

yielding butter than that produced by either the cotton-

seed meal or the standard ration.

8. An excess of cotton-seed oil in the ration is likely to

afiect the health of the animal.

Close attention was paid to the composition of concen-

trated feeds, and the farmers were warned of the following

adulterations : cotton-seed meal mixed with fine orround hulls

for genuine meal
;
finely ground corn-cobs for middlings in

mixed feeds
;
finely ground rice hulls in the adulteration of

standard grains ; and oat oftal instead of ground oats in

mixing the so-called provender or cracked corn and ground

oats.

In experiments with green crops, wheat and winter vetch

were found preferable to winter rye for early forage ; the

chief value of barnyard millet was found to lie in its use as

green fodder, by successive seedings using it until Septem-

ber. It was found to be not suitable for hay and taking the
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place of corn for silage when impossible to secure a crop of

corn. Experiments were also made in growing mixtures of

legumes and non-legumes, in order to increase the amount

of protein in the several fomge crops, in the ho})c that the

farmer would not require to purchase so much gi-ain. Long-

fellow corn and black cow peas were sown, yielding at the

rate of 23 tons to the acre.

The entomological division has been chiefly occupied with

the elm-leaf beetle ; the brown-tail moth, which now covers

an area of twelve hundred square miles, extending into Maine

and New Hampshire ; the gypsy moth, which, since the

abandonment of the crusade against it, is now reappearing

in the places from which it was surely being driven out

;

and the San Jos6 scale, which is now found in fifty-two local-

ities in INIassachusetts, and is attacking not only nurseries

but all deciduous trees and shrubs. In one place, covering

an area of five square miles, nearly every tree and shrub are

aflfected. It would seem as if these four pests had come to

stay, and three of them are spreading over the State with

great rapidity. IIow to preserve our noble trees and fruitful

orchards is the question that comes to all of us.

The botanical division has pursued its investigations in

the sterilization of soil, examining into the various methods

in use and the cost of the same. Desiccation or drj^ng of

the soil was found to increase the activit}^ of the drop fungus,

and on lettuce resulted in a stunted growth and an abnor-

mally colored and worthless crop. . The chrysanthemum

rust, though very widely spread, is not considered of serious

consequence, because it passes through only one stage, the

uredo, and hence does not gain a strong foothold. The

remedy seems to lie in selection of rust-free stock and inside,

cultivation, the latter being due to avoidance of mist and dew

on the foliage, and therefore furnishing a less favorable

opportunity for the spores to germinate and cause injury.

Three melon diseases have been recognized and studied,

one a leaf blight, and tAvo aft'ecting both leaves and fruit.

They have been particularly severe the past year, complaints

coming from every part of the State. In general, the

remedies seem to lie in maturing the crop as early as possible
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by selecting early varieties or by transplanting, and spraying

with Bordeaux mixture. The last mentioned is open to

objection, from the difficulty of spraying both sides of the

leaf.

Various stem rots, aftecting the chrysanthemum, carnation

and aster, have been the subject of careful investigation.

These rots are produced by fungous growths clogging up

the pores of the stem, and resulting in decay. In the aster

the disease can be entirely averted by starting plants in the

open ground, or otherwise avoiding " damping-oflf " condi-

tions. In the chrysanthemum and carnation reliance is

placed upon the use of hardy propagating stock and ster-

ilized soil.

In the agricultural division the problems have been chiefly

those connected with the nutrition of plants and the selec-

tion and use of fertilizers and manures. The results of the

year's work seem to show (a) that sulfate of potash is

superior to the muriate for clovers, while for cabbages the

muriate is slightly superior
; (b) that, used in connection

with manures for garden crops, the sulfate of potash is

better for early crops, while for late crops the muriate is

of equal value ; (c) that, in determining the relative value

of phosphates applied on the basis of equal quantities of

actual phosphoric acid, their relative standing was in the

following order : raw bone, phosphatic slag, South Carolina

rock, apatite, dissolved bone meal, dissolved bone-black,

Tennessee phosphate, acid phosphate, steamed bone meal,

Florida phosphate
;

(c?) that, in a comparison of diff'erent

varieties of ensilage corn, in the total yield they stood in the

following order: Eureka, Boston Market, Rural Thorough-

bred, Leaming Field, but in actual food value the Leaming
Field, when ensiled, was superior

; (e) that, in soil tests

with grass, grass showed a marked dependence upon a

liberal supply of fertilizer nitrogen and clover a still closer

dependence upon a liberal supply of fertilizer potash
; (/)

that, in soil tests with onions, that crop showed a close

dependence upon a liberal supply of potash, an abundant

supply of lime for promoting the healthy growth of the

crop and a liberal supply of readily available phosphate for
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promoting the satisfactory ripening of the crop
; {g) that,

on a moderately sloping field, it was found better to haul

manure in the late autumn to large piles and spread and

plough in the spring than to haul in the autumn and apply

directly to the field, as the crops were increased more than

enough to cover the extra cost of rehandling the manure.

Growing alfalfa for a forage crop has proved quite unsuc-

cessful, after a number of years' trial, the crop being ex-

ceedingly small. Mand's Wonder Foreign Crop, Brazilian

millet and Pearl millet prove identical in every respect,

and farmers are warned not to pay, under a new name, the

high prices demanded for the old and well-known Pearl

millet.

The details of the experiments thus briefly outlined may
be found in the reports of the several divisions herewith

submitted.
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a:n^xual eeport

Of George F. Mills, Treasurer of the Hatch Experiment Statiox

OF Massachusetts Agricultural College,

For the Year ending June 30, 1901.

Cash received from United States treasurer.

for salaries, 08,157 57

for labor, 2,941 04

for publications, 1,436 30

for postage and stationery, 269 33

for freight and express, 99 82

for heat, light, water and power. 259 63

for seeds, plants and sundry supplies, 621 30

for fertilizers, ..... 182 21

for feed stuffs, 135 08

for library, 221 31

for tools, implements and machinery. 52 58

for furniture and fixtures, . 75 59

for scientific apparatus, . 5 49

for live stock, 20 25

for travelling expenses. 84 39

for contingent expenses. 147 52

for building and repairs, . 290 59

f15,000 00

$15,000 00

Cash received from State treasurer,

from fertilizer fees,

from farm products,

from miscellaneous sources,

,

Cash paid for salaries,

for labor, ....
for publications,

.

for postage and stationery,

for freight and express,

for heat, light, water and power

?11,200 00

3,490 25

2,091 08

2,050 50

$11,099 76

1,620 38

681 28

318 65

102 49

434 12

$18,831 83

Amount carriedforward^ $14,256 68
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^TYiount bvouyht JoTwcivd, , . . . OO

Cash paid for chemical supplies, 534 45

for seeds, plants and sundry supplies, 428 27

for fertilizers, 510 88

for feed stuffs, G91 99

for library, 130 38

for tools, implements and machinery, 122 28

for furniture and fixtures, . 22 25

for scientific apparatus, 435 41

for live stock, 318 00

for travelling expenses, 663 12

for building and repairs, . 718 12

$18,831 83

I, Charles A. Gleason, duly appointed auditor of the corporation, do hereby cer-

tify that I have examined the books and accounts of the Hatch Experiment Station

of the Massachusetts Agricultural College for the fiscal year ending June 30, 1901;

that I have found the books well kept and the accounts correctly classified as above

;

and that the receipts for the year are shown to be $33,831.83 and the corresponding

disbursements, $33,831.83. All the proper vouchers are on file. These have been

examined by me and have been found to be correct, there being no balance on

accounts of the fiscal year ending June 30, 1901.

CHARLES A. GLEASON,
Auditar.

Amherst, Aug. 1, 1901.



1902.] PUBLIC DOCUMENT— Xo. 33. 11

EEPORT OF THE AGRICULTURISTS.

WM. 1*. I'.ROOKS; ASSISTANT, II. M. THOMSON.

The work of the agi'icultiiral division of the experiment

station for the past year has followed the general lines of

investigation ah-eadj undertaken. The problems ehiefly

eno^orinor attention are those connected with the nutrition of

plants and the selection and use of manures and fertilizers.

These problems are of fundamental importance in the agricul-

ture of the State
;
and, as our lines of inquiry are followed

up from year to year, it is believed that little by little the

results must contribute to the sum of our knowledge per-

taining to many vital points.

It may possibly have been thought by some that, as com-

paratively few of our farmers yet use unmixed fertilizers,

it can scarcely benefit them greatly to know the relative

values of many of the materials dealt with in our experi-

ments. This view is superficial, for, even though farmers

may not yet largely employ chemicals, the manufacturers of

mixed materials, always on the lookout for new light as to

the needs of the various crops, are gradually modifying

their goods in accordance with iveU-established results of

experiments.

To cite one or two examples : one of the best-known

brands of potato fertilizers, as made twelve years ago, had

the following percentage composition: nitrogen, 4.12;

soluble and available phosphoric acid, 7.59 ; total phos-

phoric acid, 12.17
;
potash, 5.23. As made last year, the

same brand of fertilizer contained : nitrogen, 2.92 ; soluble

and available phosphoric acid, 6.45 ; total phosphoric acid,

8.27
; potash, 10. Twelve years ago most potato fertilizers

contained potash in the form of muriate
; they now very
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generally contain this element. in the fonn of sulfate. Such

changes are in the interest of the farmers who use these

fertilizers ; and they are in line with suggestions based upon

experiments here as Avell as in other stations.

The experiments with fertilizers arc conducted in three

distinct methods,— the plot method in the open field, the

plunged c^dinder method Avith e(iual weights of thoroughly

mixed soil to the depth of four feet, and the pot method.

The last two are valuable as checks on the results in the

field, and in increasing the possible range and scope of

inquiry. In our work in the field we have employed two

hundred and twenty-two plots, we have one hundred and

fifty-three of the cylinders in use, while in our pot experi-

ments we have cared for two hundred and ninety-four pots.

The results of cylinder and pot experiments, being rather

of scientific than of immediate practical interest, Avill not

be presented in this report. Variety tests with corn and

potatoes have engaged a considerable share of attention,

but the varieties under trial have been tested but a single

year, and results will not be reported. Our experiments

with poultry have been directed, as in recent years, to a

study of the best methods of feeding for eggs. The results,

not being regarded as decisive and in some respects at vari-

ance with those of earlier years, will not be discussed in

this report. This report, then, Avill deal only with the

results of some of our more important plot experiments.

The nature of the subjects of inquiry and the more salient

features of our results will be made clear by the following

statement :
—

I. — To determine the relative value of barnyard manure,

nitrate of soda, sulfate ofammonia and dried blood as sources

of nitrogen. The crop of this year, soy beans, gives 3'ields

on the basis of which the materials rank in the following

order : barnyard manure, nitrate of soda, dried blood, sulfate

of ammonia. The average to date ranks the materials in the

following order : nitrate of soda, barnyard manure, sulfate

of ammonia, dried blood.

II.— To determine the relative value of muriate and high-

grade sulfate of potash for field crops. Results of the year
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indicate sulfate to be superior to the muriate for clovers ; for

cabbages, the muriate proves slightly superior.

III. — A. To determine the relative value of nitrate of

soda, sulfate of ammonia and dried blood, used in connec-

tion with manure as sources of nitrogen for garden crops.

Results indicate these materials used in amounts furnishinor

equal nitrogen to rank in the following order : nitmte of

soda, dried blood, sulfate of ammonia. B. To determine

the relative value of sulfate of potash and muriate of potash,

used in connection with manures for garden crops. Results

of the year indicate ttie sulfate to be the better for early

crops, while for late crops the muriate is equally good.

IV. — To determine the relative value of different phos-

phates used in equal money's worth. The results of the

year rank the materials employed in the following order

:

phosphatic slag. South Carolina rock, Mona guano, dissolved

bone-black, Florida rock phosphate.

Y.— To determine the relative value ofphosphates, applied

on the basis of equal quantities of actual phosphoric acid.

The relative standing of the several phosphates was in the

following order : raw bone, phosphatic slag. South Carolina

rock, apatite, dissolved bone meal, dissolved bone-black,

Tennessee phosphate, acid phosphate, steamed bone meal,

Florida phosphate.

VI. — To determine the relative value of different potash

salts for field crops. The results of the year with wheat

and corn are not ver}" decisive, but indicate a high rate of

availability for the new materials, — silicate and carbonate

of potash.

VTI. — Comparison of different varieties of ensilage corn.

In total yield the varieties under trial rank in the following

order : Eureka, Boston Market, Rural Thoroughbred, Leam-

ing Field. In actual food value the Learning Field when

ensiled is superior.

\^II. — ^-1. Soil test with irrass. Results of the vear

indicate the close dependence of grass upon a liberal supply

of fertilizer nitrogen, and the still closer dependence of

clover upon a liberal supply of fertilizer potash. They also

estal)lish the possibility of raising profitable hay crops by
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the use of fertilizers only, and indicate that in grass mixtures

where clover is sown exceedingly profitable crops can be

grown by the combination of a potash salt and an available

phosphate. B. Soil test with onions. Results indicate

the close dependence of this crop upon a liberal supply of

potash, the vital importance of an abundant store of lime for

the healthy growth of the crop, and of a liberal supply of

readih^ available phosphate for promoting satisfactory ripen-

ing of the crop.

IX. — To determine the relative value for production of

corn and grass in rotation of a largu application of manure

alone, as compared Avitli a smaller api)lication of manure

with a moderate amount of potash salts. The crop of this

year is mixed grass and clover. The result of the experi-

ment was the i)roduction of ncarl}^ ecjual total weights of

hay under the two s^'stems, and hay of superior imtritive

quality, because containing a larger i)roportion of clover,

on the combined manure and potash.

X.— To determine the relative value for crop production

of two fertilizer mixtures, one furnishing the important ele-

ments of plant food in the same proportions as in * * special

"

corn fertilizers, the other furnishing less phosphoric acid

and more potash, for corn and grass in rotation. The crop

of this 3'ear is gmss, and the mixture containing less phos-

phoric acid and more potash and costing the smaller sum per

acre gives a larger yield both of hay and rowen, and in both

cases of superior nutritive value on account of the large

proportion of clover.

XI. — To determine the economic result of using in rota-

tion on grass lands : the first year, ashes : the second, ground

bone and muriate of potash ; and the third, barnyard manure.

The yields are large, amounting under these several systems

of manuring to from rather over 314 to nearly 3% tons per

acre. These yields are produced on a good margin of profit.

XII. — To determine whether the use of nitrate of soda

for rowen is profitable. The results on an old sod consist-

ing chiefly of Kentucky blue-grass is an increased rowen

crop, resulting from the application of nitrate of soda at a
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fair profit : on a Timothy sod the results on ditlcrcnt plots

vary widely, and the average is a small increase, i)roduced

at a cost greater than its value.

XIII.— To determine which is the better practice : to haul

manure and spread directly on the field during late autumn

or winter, or to haul at the same time to large piles in the

field, to be spread and immediately ploughed in in the spring.

The results indicate that on land sloping modemtely the

spring application is to be preferred, as the crops are more

than sufficiently large to cover the extra cost of rehandling

the manure.

XIV.— To determine the value of alfalfa as a forage crop

for this locality. The results of a number of years are

quite discouraging, as, with the most careful attention to

tillage, manuring and keeping free from weeds, the crops

are exceedingly small, — hardly one-half what might con-

fidently be expected from clover under similar conditions.

XV.— To determine whether Mand's AVonder Forage

Crop and Brazilian millet are different from Pearl millet.

Eesults indicate that these three crops are identical in every

respect, and that it will not pay farmers to give the high

prices demanded for the old and long-known Pearl millet

under a new name.

I.— The Kelative Value of Manures furnishing Xitro-

GEN. (Field A.)

A detailed description of the plan of experiment followed

in this field will be found in the twelfth annual report. The

materials under comparison are barnyard manure, nitrate of

soda, sulfate of ammonia and dried blood. These wherever

used are applied in such quantities as to furnish equal

amounts of nitrogen. There are three plots in the field to

which no nitrogen in any form has been applied. All the

plots in the field receive the same amounts of phosphoric

acid and potash. This experiment was begun in 1890, and

the crops which have been grown previous to this year, in

the order of succession, are : oats, rye, soy beans, oats, soy

beans, oats, soy beans, oats, oats, clover and potatoes. As
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a result of all experiments previous to this year, it is found

that the materials furnishing nitrogen have produced crops

ranking in the following order :
—

Per Cent.

Nitrate of soda, 100

Barnyard manure, 90

Sulfate of ammonia, . 89

Dried blood, 86

The plots receiving no nitrogen, 68

The crop for this year was soy beans. Growth was

vigorous and healthy, the crop on all plots good. The

yields are shown in the following table :
—

Yield o f Soy Beans per Acre.

Plots. Nitrogen Fertilizer.
Beans

(Bushels).
Straw

(Pounds).

Plot 0, . Barnyard manure, 32.75 2,700

Plot 1 Nitrate of eoda, 31.55 2,750

Plot 2, . Nitrate of eoda, 32.75 2,500

Plot 3 2,600

Plot 4 28.97 2,600

Plot 5 Ammonium sulfate 28.10 2,300

Plot 6, . Ammonium sulfate 31.03 3,0)0

Plot 7, . 25.86 2,350

Plot 8, . Ammonium sulfate 28.97 2,550

Plot 9 2,200

Plot 10 33.28 2,600

The average results are as follows :
—

Fertiuzsb. Beans
(Bushels).

Straw
(Pounds).

2,386.7

2,650.0

Dried blood plots (2), 30.95 2,600.0

2,633.3

The relative standing of the different manures in the

yield of grain is :
—
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Per Cent.

Manure, 100.0

Nitrate of soda, 98.1

Dried blood, '94.5

Sulfate of ammonia, 89 .

7

No nitrogen, 84.3

In yield of straw the rank is :
—

Per Cent.

Barnyard manure, 100.0

Nitrate of soda, 98 .

1

Sulfate of ammonia, 97.5

Dried blood, 96.3

No nitrogen, 88 .

4

It will be seen that the different materials stand more

nearly together this year than is the average of preceding

years. The manure stands relatively higher than in former

years, but the fertilizers stand in the same relative order,

nitrate of soda proving the most efficient of the nitrogen

fertilizers, and sulfate of ammonia the least as measured by

grain production, while it is slightly ahead of the blood in

the yield of straw. The comparatively even results of this

year are doubtless to be accounted for chiefly by the fact

that the crop of this season, the soy bean, is one capable

of drawing upon the atmosphere for a considerable share

of the nitrogen it requires. The development of nodules

upon the roots of the crop this year was very abundant. In

spite of this fact, it will be noticed that the crop on the

no-nitrogen plots stands considerably below that on the

other plots. It is, however, doubtless much more nearly

on an equality with them than would have been the case

with a crop not belonging to the clover family.

II.— The Relative Value of Muriate and High-grade

Sulfate of Potash. (Field B.)

This experiment has been in progress since 1892. The

object is to determine the relative value for difterent crops

of the two leading potash salts, muriate and sulfate, when

used in equal quantities continuously upon the same land.

The field contains eleven plots, of one-eighth of an acre

each. Six of these have been yearly manured with muriate
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of potash and five with the high-grade sulfate of potash.

These salts were used at the rate of 400 pounds per acre

from 1892 to 1899 inclusive ; in 1900 and 1901 the rate of

application has been 250 pounds per acre. All plots re-

ceive yearly an application of fine-ground bone, at the rate

of 600 pounds per acre. The crops grown in the field are

rotated, and the following have been included : potatoes,

field corn, sweet corn, grasses, oats and vetch, barley and

vetch, winter rye, clovers of various kinds, sugar beets,

soy beans and cabbages. The crops have been almost uni-

formly large. The results Avere summarized in the report

of last year as follows :
—

Among the crops grown,, the potatoes, clovers, cabbages and

soy beans have with very few exceptions done much the best on

the sulfate of potash ; while the yield of corn, grasses, oats, bar-

ley, vetches and sugar beets has been equally good on the muriate.

The quality of the crops of potatoes and sugar beets produced on

the sulfate of potash plots has been distinctly better than that of

the crops produced on muriate of potash. Taking all the crops

except the clovers into consideration, if we represent the efficiency

of the high-grade sulfate of potash by the number 100 that of the

muriate of potash is 98.1. Taking into account only those crops

showing the preference for the sulfate of potash, and representing

the efficiency of that salt by the number 100, the efficiency of the

muriate of potash is 88.6.* The present difference in price be-

tween the two salts is only about $5 per ton. The conclusion,

therefore, appears to be warranted that, under conditions similar

to those prevailing in this experiment, the selection of the sulfate

rather than the muriate is wise.

The crops of the past year have been clovers of three

kinds, and cabbages.

A. — Glovers {Sulfate v. Muriate of Potash),

The growth of the clover on the sulfate of potash was

considerably better than on the muriate. The 3 ields are

shown below :
—

• Clovers not included, because weeds have not been separated iu harvesting.
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Muriate v. High-yrade Sulfate of Potash. — Clover Hay per

Acre (Pounds)

.

Variety. Muriate of
Potash.

High-grade
Sulfate of
Potash.

6,600 7,387.5

7,312 7,612.0

Aleike clover (a portion weighed green) 10,840 14,290.0

It should be stated, in commenting upon these results,

that the crops, as in former years, were considerably mixed

with Aveeds. The weights, however, while not affording an

accurate basis of comparison for determination of the pre-

cise eftects of the different potash salts on the clovers, are

not misleading as to the nature of the effect. This is not

magnified by the figures, but rather the reverse, for the

reason that where the growth of the clover is less luxuriant

the growth of the weeds is proportionally more so.

In this connection attention is called to the fact that two

other plots in the field are now in clover which was sown
in July. These plots have not been cut, but there is at

the present time a great difference in favor of the sulfate

of potash in the condition of the clover on the tw^o plots.

In conclusion, concerning the merits of these two potash

salts for clovers, it is believed that the sulfate is much the

safer. Our experiments wdth these crops have extended over

many years, and while sometimes the yield on the muriate

of potash is as great as that on the sulfate, there have been

many more instances when the yield on the sulfate has been

much the better. The difference in favor of this salt ap-

pears to be greater in proportion as the rainfall is abundant.

It seems probable that this fact is due to the greater loss of

lime, which, in association with the acid of the muriate, is

washed out of the soil in considerable quantities whenever

climatic conditions favor soil leaching.

JB.— Cabbages,

The crop of cabbages on both the potash salts used was

good, at the rate per acre of 33,680 pounds on muriate of
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potash and 30,600 pounds on sulfate. The yield on the

muriate is somewhat better than on the sulfate,— a result

which is at variance with results which have been obtained

in some previous years. Clearly, climatic conditions have

an important influence in determining the manurial eflect

of these salts.

ni. — Fertilizers for Garden Crops. (Field C.)

The experiments upon which the conchisions now pre-

sented are based have been in progress since 1891. Up to

1898, chemical fertilizers alone were used. During the past

four years stable manure has been applied in equal (|uanti-

ties (at rate of 30 tons per acre) to each of the plots, while

the chemical fertilizers have been used in the same amounts

and applied to the same plots as at first. The crops grown

during this series of 3'ears have included all important out-

door garden crops, viz., spinach, lettuce, onions, garden

peas, table beets, early cabbages, late cabbages, potatoes,

tomatoes, squashes, turnips, sweet corn and celery ; and

one small fruit,— sti-awberries. The experiments have

been planned with reference to tlirowing light especially

upon two points :
—

A. — The relative value of nitrate of soda, sulfate of am-

monia and dried blood as sources of nitrogen.

B.— The relative value of sulfate of potash and muriate

of pota^sh.

These two points will be separately discussed :
—

A. — The Relative Value for Garden Cropa of Nitrate of

Soda, Sulfate ofAmmonia and Dried Blood as Sources

of I^itrogen.

The three fertilizers used as sources of nitrogen have

from the first been applied in such amounts as to furnish

equal nitrogen to each plot, and each fertilizer is always

applied to the same plot. Each of the nitrogen fertilizers

is used on two plots,— on one with sulfate of potash, on

the other with muriate. Dissolved bone-black, as a source

of phosphoric acid, is applied in equal quantities to all
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plots. The results previous to this year were thus sum-

marized in the last annual report :
—

Taking into account the periods when chemical fertilizers only

were used, and the crops (spinach, lettuce, onions, table beets,

garden peas and early cabbages) whose period of growth is the

comparatively early part of the season, we find the relative effi-

ciency of the different materials used as the source of nitrogen :
—

Per Cent.

Nitrate of soda, 100.0

Dried blood, 86.6

Sulfate of ammonia, 83.6

For the same periods, and taking into account those crops

(tomatoes, garden beans and sweet corn) making much of their

growth after hot weather fairly sets in, we find the relative stand-

ing as follows :
—

Per Cent.

Nitrate of soda, 100.0

Dried blood, 97.8

Sulfate of ammonia, 103 .

5

For the period since manure has been applied, and taking into

account the early crops only (spinach, lettuce, table beets, onions,

garden peas and potatoes) , the relative standing is :
—

Per Cent.

Nitrate of soda, 100.0

Dried blood, 88.8

Sulfate of ammonia, 61.7

For the same period, taking into account the aggregate yield of

all the late crops (tomatoes, cabbages, turnips, squashes and

celery) , the relative standing is :
—

Per Cent.

Nitrate of soda, . . 100.0

Dried blood, 97.8

Sulfate of ammonia, 91.9

The crops for the past year have been onions, lettuce,

table beets, late cabbages, garden peas, celery and English

turnips (both as second crops) and strawberries. The

average rates of yield per plot for each of the nitrogen fer-

tilizers is shown in the following table :
—
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Nitrogen Fertilizers compared as Fertilizers for Garden Crops,

— Yield x)er Plot {Pounds).

Average op Two
Plotb,

Nitrate of soda,

Sulfate of ammonia,

Dried blood, .

Table
Beets. CD

U

Garden
Peas,

j

Turnips.

Onions. Lettuce

RootB.

Tops.
Cabbag S Vines.

Strawbf

CD

1
Tops.

Celery.

425.0 no.o 151.0 125 868.75 54.1 68.8' 41.25 1,167.5 550.0 1,067.5

207.5 40.0 65.3 73 785.50 64.6 81.3 44.87 1,072.5 580.0 455.0

365.0 97.5 136.0 115 915.50 55.8 67.5
j

75.46 1,102.5 627.6 945.0

It will be seen that for most of the crops the results are

similar to the average results of preceding years. Com-
bining the results of this year Avith those of previous years,

the relative standing of the different fertilizers used as

sources of nitrogen is as follows :
—

For the early crops, i.e.^ crops making most of their

growth before mid-summer, including onions, lettuce, table

beets, garden peas, and strawberries :
—

Per Cent.

Nitrate of soda, 100.0

Dried blood, 92.7

Sulfate of ammonia, 54.8

For late crops, including cabbages, turnips and celery :
—

Per Cent.

Nitrate of soda 100.0

Dried blood, 98.7

Sulfate of ammonia, 77.5

The superiority of niti-ate of soda as a source of nitrogen

for most garden crops, indicated by the results of preced-

ing years, is still further confirmed in the case of most of

the crops by the results of this year. Niti-ate of soda,

among the various nitrogen fertilizers, furnishes a pound of

nitrogen at present prices at lower cost than any other fer-

tilizer which is fairly available. These facts make it evi-

dent that it should usually be selected, especially for early

crops. Experiments here and elsewhere indicate that, if

soil on which sulfate of ammonia is used is heavily limed,

its rate of availability is much increased. The purchase

and application of lime, however, adds to the cost of the
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crop
;

and, even disregarding the lime, as the pound of

actual nitrogen at current prices for sulfate of ammonia

costs more than the same quantity at current prices for ni-

trate of soda, the latter is clearly economically preferable,

if simply equally effective. We have found it more so.

B. — The Relative Value of Sulfate and Muriate of Potash

for Garden Crops.

The history of the plots where these two potash salts are

under comparison has been given under section A. The

crops are of course the same as those which have been named

under that section. Each potash salt is used on three plots,

i.e.y with each of the three nitrogen fertilizers. The results

of the past year are shown in the following table :
—

Sidfate and Muriate of Potash compared as Fertilizers for Gar-

den Crops. — Yield per Plot (Pounds).

Average of Three

Table
Beets.

V

Garden
Peas.

IB

•c

«
{

Turnips.

i) ISO

Plots,
ai

S u
3

1
m*
0) i_o

"3
u
"S

i a 2
1

o
o

o h3 en o >
®

Sulfate of petash, high 860 86.66 116.3 100.0 827.0 54.3 68.3 47.74 1,091.7 536.7 831.7
grade.

Muriate of potash, . 305 78.33 118.1 108.7 886.2
•

62.1 76.7 59.98 1,136.7 635.0 813.3

In commenting upon the results obtained in comparing

these two fertilizers last year, the following tables were pre-

sented :
—

Before Manure icas used^ 1891-97.

Fertilizer. Early Crops
(Per Cent.).

Late Crops
(Per Cent.).

100.0 100.0

91.3 91.5

After Manure teas used^ —-1898-1900.

Fertilizer. Early Crops
(Per Cent.).

Late Crops
(Per Cent.).

100.0 100.0

86.1 98.8
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Including the crops of the past year, the standing is

shown below ; under the headings early and late crops re-

spectively are included those specified in section A :
—

Fertilizer. Eariy Crops Late Crops
(Per Cent.). (Per Cent.).

Sulfate of potash, 100.0 100.0

Muriate of potash, 92.6 103.0

It will be noticed that for the early crops the sulfate of

potash is superior to the muriate, while for the late crops,

including those of this year, muriate stands slightly ahead.

This has not been the case in earlier 3^ears, but the nature

of the difference has always been the same. The sulfate

should undoubtedly be preferred for early crops, unless the

soil is heavily limed, in which case results here and in many
other places indicate that the muriate may answer equallj^

well.

IV.— The Relative Value of Different Phosphates.

(Field F.)

The object of this experiment is to determine Avhether it

is more profitable to employ cheaper natural phosphates,

or one of the higher priced dissolved phosphates. The

articles compared arc dissolved bone-black, ground South

Carolina rock, ground Florida rock, Mona guano and phos-

phatic slag. These phosphates w^ere applied during the

years 1890 to 1893, on the basis of equal money's worth.

The amounts of phosphoric acid supplied to the several

plots on this basis have of course varied wideW, as the

prices of the materials differ greatly. The actual amounts of

phosphoric acid supplied the several plots are as follows :
—

Plots. Fertilizer. Pounds.

Plotl, .... 96.72

Plot 2 72.04

Plot 3 Ground Florida rock phosphate, .... 165.70

Plot 4 144.48

Plot 5 45.36
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Since 1893 no phosphate has been applied to any part of

the field. The object in view in withholding phosphates

has been to test the lasting qualities of the sevei-al mate-

rials. At the beginning of the present season, supposing

the crops harvested to have been of average composition,

and that there has been no loss of phosphoric acid by leach-

ing (which is improbable), there must have remained of the

total phosphoric acid applied to the several plots the fol-

lowing amounts in each :
—

Pounds.

Phosphatic slag, . . . . . . .53.6
. Mona guano, . 29 .

7

Florida phosphate, 132.4

South Carolina rock phosphate, 102.0

Dissolved bone-black, 9.5

Throughout the entire period of the experiment (1890 to

date), materials supplying nitrogen and potash have been

applied in equal amounts to all plots. Since 1893 the

quantities applied have been made very large, in order to

make it certain that the crops grown may find in the soil all

the nitrogen and potash they can possibly need. All the

plots in the field wre limed at the rate of one ton to

the acre of quick-lime, slaked, spread after ploughing and

deeply worked in with a harrow in the spring of 1898.

The crops which have been raised on the field previous to

this year, in the order of their succession, are potatoes,

wheat, serradella, corn, barley, rye, soy beans, Swedish

turnips, corn, oats and cabbages. Representing the yield

on the plot giving the highest returns by 100, the relative

efficiency* of the difterent phosphates at the beginning of

this year stood as follows :
—

Per Cent.

Phosphatic slag, 100.0

Ground South Carolina rock, 92.3

Dissolved bone-black, 90.7

Mona guano, 88.3
Florida phosphate, 71.5

Taking into account the crops grown since 1895, when for

the first time a plot to which no phosphate was applied was

included, the phosphates have the following relative rank :*—
* Swedish turnips, grown in 1897, have not been included in computing these

percentages as that crop was affected bv disease not apparently connected with the

fertilizers used.
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Ground South Carolina rock,

Phosphatic slag,

Dissolved bone-black,

Mona guano,

Florida phosphate, .

No phosphate, .

Per Cent.

100.0

99.0

97.7

95.4

64.2

55.4

The crop this year has been oats, of the Early Race-horse

variety. The soil was well prepared, the crop sown ^lay 6.

The growth was, so far as could be seen, unaflected by acci-

dental conditions. There were, however, more weeds on

plots 3 and 4 than elsewhere
;
and, as it was impossible to

separate these completely in handling the crop, some of

them were weighed with the straw. The figures represent-

ing Aveights of straw for these plots, especially for plot 3,

on which w^eeds were most abundant, are therefore without

doubt to some extent misleading. The several plots pro-

duced yields at the following rates i)er acre :
—

Comparison of Phosphates. — Yield of Oats j>e/' Acre.

Plots. Fertilizer. Grain Straw
(BusheU). (Pounds).

Plot 0,

Plot 1,

Plot 2,

Plot 3,

Plot 4,

Plot 5,

No phosphate,

Phoephatic 'lag,

Mona guano, .

Ground Florida rock,

Ground South Carolina rock

Dissolved bone-black, .

18.24

21.00

17.59

13.98

19.96

16.63

365

1,208

1,059

1,447

1,201

1.058

Representing the yield of gi'ain on plot 1 by the number

100, the relative standing of the other plots is shown by

the foUoAving table :
—

Plots. Fertilizer. Per Cent.

PlotO, .... 86.8

Plot 1 100.0

Plot 2 83.8

Plots, .... 66.6

Plot 4 95.0

Plot 5, .... Dissolved bone-black 79.2
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The plots which .stand highest tliis year are the same as

those standing highest in the general averages which have

been showm above, viz., the ones receiving phosphatic slag

and ground South Carolina rock phosphate. The low stand-

ing of the plot which received Florida phosphate is, as in

former years, very striking ; it stands this year below the

no-phosphate plot. It should be remembered, however,

that the latter has not been included in this experiment as

long as the Florida phosphate plot ; and it may well be that

the original store of phosphoric acid in the soil of the no-

phosphate plot is to a much less degree exhausted than is

the case on the other plots. It must be concluded that the

phosphoric acid supplied by the Florida phosphate is in a

form of combination rendering it exceedingly unavailable.

In the writer's opinion, the oat crop is a much less certain

indicator as to the condition of the soil as res^ards available

phosphoric acid than are the crops belonging to the cabbage

and turnip family. This is indicated by the fact that the

differences in yields Avith oats this year are much less than

were the differences with turnips and cabbages. As the

turnips, as already stated, were badly affected by disease,

figures for this crop are not presented. The relative yields

Avith cabbages last year were as follows :
—

Per Cent.

South Carolina rock ])hosphate, 100.0

Dissolved bone-black, 73.0

Phosphatic slag, . . . . . . . .60.0
Mona guano, 55 .

3

Florida rock phosphate, 14.7

No phosphate, 6.9

It should be noticed that the relative position of the sev-

eral phosphates is nearly the same as this year, but the dif-

ferences are far o-reater.

In conclusion, attention is called to the fact that the crops

on this field in recent years have not been satisfactor}^ in

amount, even on the best plot. The fact that no phos-

phoric acid in any form has been applied during the last

nine years sufficiently accounts for the relatively small

yields. Our results, however, indicate a relatively high

degree of availability for the phosphoric acid contained in

the South Carolina rock and in phosphatic slag. There can
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be no doubt that profitable crops of most kinds can be pro-

duced by liberal use of these natural phosphates ; and in a

long series of years there Avould be a considerable money
saving in depending, at least in part, upon these rather than

upon the higher-priced dissolved i)hosphates. It may, how-

ever, be dou])ted whether, under the conditions prevailing

in ordinary farm or garden practice, it is ever wise to de-

pend exclusively upon the natural phosphates. The best

practice would probably be found to consist in using one

of these in part, and in connection with it a moderate quan-

tity of one of the dissolved phosphates.

V.— The Comparison of Phosphates on the Basis of

Equal Application of Phosphoric Acid.

The phosphates under comparison on this basis include

apatite, South Carolina rock phosphate, Florida soft phos-

phate, phosphatic slag, Tennessee phosphate, dissolved bone-

black, raw bone, dissolved bone, steamed bone and acid

phosphate. The experiments have been in progress five

years, each phosphate being applied yearly to the same

plot. There are three no-phosphate plots, which serve as a

basis for comparison. The plots are one-eighth of an acre

each in area.

The phosphates yearly applied are used in quantities suf-

ficient to furnish actual phosphoric acid at the rate of \H\

pounds to the acre. All plots are manured alike with ma-

terials furnishing nitrogen and potash in available forms

and in equal amounts to each. The materials used furnish

nitrogen at the rate of 52 pounds and potash at the rate of

152 pounds per acre. The preceding crops have been :

corn, cabbages, corn, and in 1900 oats for hay, and Hun-

garian grass, also cut for hay. The yields of all these

crops have been large, even on the three plots in the field

which received no phosphate. The results have been ren-

dered somewhat obscure by the natural variation in the pro-

ductiveness of the plots in different parts of the field.

Plot 1, which receives no phosphoric acid, is naturally

much more fertile than any other plot in the field, and in

estimating the significance of the results this plot should be
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disregarded. The crop for the present year has been onions.

As has been the case throughout this part of the State, the

onion crop suffered from blight. Our yields of sound and

merchantable onions are therefore comparatively small. The

results are shown in the table :
—

Onions on Plots manured icith Equal Amounts of Phosphoric

Acid.

Plots, Fertilizer.
OHions

(Bushels per
Acre).

Soallions
(Pounds per

Acre).

Plot 1, . . . 278.5 1,280

Plot 2, . . . Apatite 222.3 1,840

Plot 3, . . . South Carolina rock phospate, 235.4 1,800

Plot 4, . . . Florida soft phosphate, .... 150.6 2,280

Plot 5, . . . 251.8 1,160

Plot 6, . . . Tennessee phosphate, .... 205.7 1,720

Plot 7, . . . 141.4 2,000

Plot 8, . . . Dissolved boue-black 209.5 600

Plot 9, . . . 252.3 640

Plot 10, . Dissolved bone meal, .... 213.2 600

Plot 11, . Steamed bone meal, .... 187.8 560

Plot 12, . 187.8 920

Plot 13, . 123.4 1,800

The conclusions stated last year were as folloAvs :
—

1. The phosphatic slag evidently furnished phosphoric acid in

an exceedingly available form, the yield this ^^ear being almost

equal to that on the dissolved bone-black.

2. The Florida soft phosphate is apparently a very inferior

material, the phosphoric acid evidently becoming available only

with great slowness.

3. Steamed bone meal appears to be inferior in availability to

raw bone meal.

The results of this year are in most particulars similar.

Phosphatic slag, it is true, is exceeded, by a small fraction

of a bushel of merchantable onions, by raw bone meal, but

it gives a larger total crop. Dissolved bone-black stands

relatively lower than last year. Raw bone meal, as last

year, is superior to steamed bone meal. The Florida soft
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phosphate gives a very inferior crop,— the poorest, indeed,

in merchantable onions of any phosphate used. This result

is strikingly confirmatory of the results obtained in the field

where phosphates are under comparison on the basis of

equal money's worth.

VI.— Comparison of Different Potash Salts for Field

Crops. (Field G.)

Since 1898 the following potash salts have been under

comparison for various field crops : kainite, high-grade sul-

fate, low-grade sulfate, muriate, nitrate, carbonate and sili-

cate. Each is applied annually to the same [)lot, and all

are used in such (juantities as to furnish equal potash to

each plot. All plots are e(iually manured with materials

furnishing nitrogen and phosphoric acid. There are forty

plots, in five series of eight plots* each, each series including

a no-potash plot and one for each potash salt used. The

area per plot is about one-fortieth of an acre. The crops

the present year have been wheat on one series of eight

plots, and corn of four diflferent varieties on the other four

series.

A. — Wheat.

The variety of wheat was the Turkish Red Winter, seed

of which was received from the United States Department

of Agriculture. The soil is rather heav}^ and the seed was

received so late that it was got in somewhat later than de-

sirable, viz., October 13. It was sown broadcast at the

rate of five pecks to the acre, and covered with the Acme
harrow. Owing no doubt chiefl}^ to the lateness of sowing,

there was some winter-killing. This was most severe on

the no-potash, kainite and the two sulMe plots. The

whole field was harrowed about the middle of i\Iay. The

growth was unusually healthy for this section, although all

plots were slightly affected by rust. The grain was plump,

hard and of good quality. The yields were as follows :
—
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Wheat. — Yield per Acre.

Plots, Potash Bait.
Grain

(Bushels).
Straw

(Pounds).

Plot 1 No potash 8.19 1,609

Plot 2 10.43 1,475

Plot 3 High-grade wulfate of potash, 14.16 1,877

Plot 4, .... Low-grade sulfate of potash, 14.15 2,595

Plot 6 Muriate of potash 15.64 1,877

Plot 6, . 16.38 3,083

Plot 7 Carbonate of potash, .... 14.89 2,458

Plot 8 Silicate of potash, 17.18 2,055

B. — Corn,

As already stated, the corn was of four varieties. These

varieties were as follows : Eureka, a large dent corn, seed

obtained from Ross Bros. ; Boston Market Ensilage, a large

dent variety, seed obtained from Joseph Breck & Sons;

Learning Field, a moderatel}^ large dent variety, seed obtained

from Gregory ; Rural Thoroughbred, a large and late white

flint variety, seed obtained from Landreth. All varieties

were planted June 6. The field was given good care

tliroughout the season, growth was normal and healthy,

unaffected by accidental conditions which influenced results,

though all varieties were somewhat broken down by a storm

which occurred on September 11. The corn was cut Sep-

tember 13 and 14, and weighed within twenty-four hours.

The average for the several fertilizers was as follows :
—

Corn.— Average Yield of Four Varieties.

Potash Salt.
Pounds

per Acre.

37,810

40,610

37,530

39,375

40,490

40,435

40,155

39,240

The only feature of the results to which especial attention

is called is the comparatively large yields obtained on the

muriate and nitrate, and the good yields on the compara-
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tively new fertilizers, carbonate and silicate, which it would

seem must possess a high degree of availability.

Vn. — Varieties of Ensilage Corn compared.

The varieties of ensilage corn used in the comparison of

potash salts, viz., Eureka, Boston Market, Learning Field

and Rural Thoroughbred, were grown under conditions which

make it possible to compare them accurately the one with

the other ; and this comparison seems worth while, on ac-

count of the diversity in the practice of farmers, many of

whom cultivate excessively large and late varieties of ensi-

lage corn, on account of the heavy yields obtained. The

aggregate yield of the varieties under trial was at the follow-

ing rates per acre :
—

Ponnds.

Eureka, 47,960

Boston Market, 38,200

Learning Field, 34,520

Rural Thoroughbred, 36,150

The following notes were taken on the several varieties

just previous to harvest :
—

Eureka : a late dent
; avei-age height, about 15 feet ;

very

heavily leaved
;
stalks, 1% to 2 inches in diameter ; ears just

forming.

Boston Market: late dent; height, 11 to 12 feet; stalks,

11/2 to 1% inches in diameter ; ears large, roasting stage ;

leaves quite abundant.

Leaming Field : medium dent
;
average height, 10 feet

;

leaves comparatively few ; stalks medium ; ears liirge, be-

ginning to dent ; the earliest of the four varieties.

Rural Thoroughbred : late white flint
;
average height,

about 10 feet; stalks large, many 11/4 inches in diameter;

heavily leaved ; a few suckers (these increase weight but

little, and are troublesome to handle) ; ears large, heavy,

often two per stalk ; not quite in milk.

The Eureka, giving the best yield, at the rate of almost

24 tons to the acre, would be preferred by many farmers,

but in view of the results of analyses it seems doubtful

whether this preference is justified by the facts. The table

shows the total food substance per acre afforded by each of

the varieties :
—
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Field G. — Varieties of Ensilage Corn, Food Substance j^er Acre

(^Pounds)

.

Variety.
Dry

Matter.
Ash. Protein.

Crude
Fibre.

Nitrogen-
free

Extract
Matter.

Fat.

8,944 468.7 613.5 2,951.0 4,790.0 120.8

6,864 369.3 505.9 2,183.0 3,701.0 104.3

7,524 343.9 616.2 1,839.5 4,547.0 176.8

Rural Thoroughbred, 7,923 423.1 626.7 2,140.0 4,614.0 118.8

Examination of the table shows that the variety giving the

heaviest yield (green weight) also furnishes the greatest

number of pounds total dry matter ; but when we compare

the figures of the other columns in the table, it will be seen

that this excess of dry matter is made up entirely of fibre

and nitrogen-free extract, which are the least valuable con-

stituents. In total yield of protein (the most valuable con-

stituent) the Eureka is exceeded by two varieties,— Leaming

Field and Eural Thoroughbred ; in yield of fat it is much
exceeded by the Leaming Field. It would seem the last-

named variety, though giving the smallest yield, should be

preferred. One pound of digestible fat is conmionly con-

sidered to have a food value equal to two and one-half pounds

of digestible fibre, or extract matter. Fat is commonly
equally as digestible as nitrogen-free extract, and is less

aflected by the fermentations which go on in the silo than

are the starches and sugar (extract matter). It is more

digestible than fibre. In corn which is approaching maturity

the proportion of starch is comparatively high ; this food

substance is at that time abundantly stored in the grain.

As corn approaches maturity, while the starch increases,

the proportion of sugar in the jiiice of the plant decreases.

Sugar in green corn fodder is a valuable food substance, but

in the silo the sugar is largely converted into acid, and acid

has no food value. Starch, while it may suffer some loss in

the silo, is far less affected than is sugar. Other things

being equal, the immature corn will make, under average

silo conditions, a more acid silage than corn which is nearer

ripe. The large proportion of water in innnatuie corn, as

well as the relatively large amount of sugar, favor develop-
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ment of acid. Silage from immature corn, then, is likely to

be excessively sour, and is for that reason less desirable than

silage from more mature corn.

The chief points, then, which may be urged against the

selection of excessively late varieties of corn for ensilage,

are as follows :
—

1. Much greater bulk and water in proportion to actual

food value.

2. Greater probable waste in the manger, on account of

the refusal of the animals to eat the very thick and coarse

stalks.

3 . Such corn , while furnishing more dry matter, contains in

larger proportion the less valuable food substances (fibre and

sugar) and a smaller proportion of protein, fat, and (though

not proved by our analyses) we may safel}^ say starch as well.

4. The immature corn produces a very sour silage, on

account of the relatively large proportion of sugar and of

water.

5. Though this point is not always important, grass and

clover are apt to make but a poor start Avhen seeded in fields

planted with excessively large and late varieties. As a large

proportion of farmers in some sections now usually seed in

ensilage corn, this point should not be disregarded.

Vni.— Soil Tests.

During the past season two soil tests have been carried

out on our own grounds, both in continuation of previous

work upon the same fields. The same kinds of fertilizers

have been applied to each plot, and in the same amounts as

last year. The fertilizers in these experiments are used in

accordance with the co-operative plan for soil tests adopted

in Washington in 1889. Each fertilizer, wherever em-

ployed, is applied at the same rates per acre. The following

table shows the kinds and usual amounts :
—

Nitrate of soda, 160 pounds, furnishing nitrogen.

Dissolved bone-black, 320 pounds, furnishing phosphoric acid.

Muriate of potash, 160 pounds, furnishing potash.

Land plaster, 400 pounds.

Lime, 400 pounds.

Manure, 5 cords.
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A. — Soil Test with Grass. (South Acre.)

This acre has been used in soil tests for thirteen years,

beginning in 1889. The crops in successive years have

been as follows : corn, corn, oats, grass and clover, grass

and clover, corn, followed by mustard as a catch-crop, rye,

soy beans, white mustard, corn, corn, and grass and clover

in 1900. The field has not been ploughed this year but

received fertilizers as usual. During the entire thirteen

years four of the fourteen plots have received neither

manure nor fertilizer^ three plots have received yearly a

single important manurial element, viz., one of them nitro-

gen, another phosphoric acid and another potash,— every

year the same ; three have received each year two of these

elements ; one has received all three yearly ; and one each

has yearly lime, plaster or manure. Much of the field,

having been either entirely unmanured or supplied with

only a portion of the elements ordinarily considered as

essential, is noAv much exhausted. The four nothing plots

this year produced an average yield of 375 pounds of hay

to the acre at the first cuf and 313 pounds at the second cut.

The table shows the rate of yield of the several plots :
—

Hay and Boiven. — South Acre Soil Test, 1901.

Fbrtilizers used.

Yield per Acre
(Pounds).

Gain or Loss per Acre,
compared with Nothing

Plots (Pounds).

1
Plots. Hay. Rowen, Hay. Rowen.

1 900 550 -1-500 +310

2 Dissolved bone-black, 300 370 —100 +130

3 400 240

4 Muriate of potash 600 700 +233.33 -1-450

5 500 360 -1-166.67 +100

6 300 270

7 3,600 2,700 +3,300 +2,340

8 Nitrate of soda and dissolved bone-
black.

1,200 530 +800 +170

9 400 360

10 Nitrate of soda and muriate of potash, 2,100 900 +1,700 +533.50

11 Dissolved bone-black and muriate of
potash.

1,900 1,500 +1,500 +1,126.67

12 Nothing, 400 380

13 Plaster, 200 200 —200 —180

14 Nitrate of soda, dissolved bone-
black and muriate of potash.

3,300 1,100 +2,900 +720
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The effect of each of the three elements of plant food—
nitrogen, phosphoric acid and potash— is more clearly

brought out in the tables which follow :
—

Resuxts op the Addition of Xitrooen to—

Nothing.
Dissolved
Bone-black.

Muriate of
Potash.

Dissolved
Bone-black
and Potash.

Average
Result.

Hay (pounds per acre),

Rowen (pounds per acre) , .

+500

+310

+900

+40

+1,466.67

+83.33

+1,400

-406.67

+1,066.67

+26.67

Value of increase $8 59

Financial result (gain) 5 39

RE80LT8 OP THE ADDITION OP PHOSPHORIC AciD TO—

Nothing.
Nitrate of

Soda.
Muriate of
Potash.

Nitrate and
Potash.

Average
Result.

Hay (pounds per acre),

Rowen (pounds per acre), .

—100

+130

+300

—140

+1,266.67

+676.67

+1,200

+186.67

+666.67

+213.33

Value of increase, $7 04

Financial result (gain) , 3 84

Results or the Addition op Potash to—

Nothing.
Nitrate of

Soda.

Dissolved
bone-black.

Nitrate and
Dissolved
Bone-black.

Average
Result.

Hay (pounds per acre)

,

Rowen (pounds per acre), .

+233.33

+450

+1,200

+233.33

+1,600

+996.67

+2,100

+550

+1,283.33

+555

Value of increase, $14 71

Financial result (gain), 1151

Results op the Addition to Nothing op—

Manure. Complete
Fertilizer.

Plaster. Lime.

Hay (pounds per acre),

Rowen (pounds per acre), .

Value of increment

Value of decrease, ....
Financial result

+3,300

+2,430

$45 84

$20 84*

+2,900

+720

$28 96

$19 36*

—200

—180

$3.04

$4 84t

+166.67

+100

$2 12

$0 92*

* Gain, t Loss.
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It will be noticed that the employment of nitrate of soda

alone results in a considerable increase both in the first and

second cuttings, but its effect in increasing the crop is com-

paratively small here, no doubt because the soil of that

plot must be quite deficient in both phosphoric acid and

potash. It will be noticed that the increase produced by

the nitrate of soda is greater where it is used with other

fertilizers. It gives the greatest increase where used with

potash alone, though much the best crop is secured where

it is used in combination with both potash and dissolved

bone-black. The effect of the dissolved bone-black when

used alone amounts to nothing ; when combined with potash,

or with both nitrate and potash, it appears to be very

useful. This is undoubtedly due to the fact that its pres-

ence is favorable to the growth of clover, which, as will

be seen from the tables below, is very abundant on those

plots where bone-black and potash are used together. The

ability of clover to thrive in the presence of suitable

amounts of bone-black, potash and lime is well known.

The crops on the plot where the dissolved bone-black

and potash have been so long used, and without any addi-

tion of either manure or fertilizer which furnishes nitrogen

during the entire thirteen years, afford a striking object

lesson. Here we have a yield at the rate of 1,900 pounds

of hay to the acre in the first crop and 1,500 pounds in

the second. Such crops are far above the average under

much more expensive systems of manuring. They are ac-

counted for by the capacity which clover grown under such

soil conditions as must exist on this plot possesses to draw

the needed nitrogen from the air. It will be noticed that

the potash alone gives but a moderate crop, but when used

in combination with either of the other fertilizers or with.

both of them the result is a large increase. As will be

seen from the table below, the plots where the potash is

used are characterized by relatively large percentages of

clover, while there is no clover on the plots to which no

potash has been applied. Especially striking is the large

increase in the rowen crop where potash is used in connec-

tion with dissolved bone-black, — an increase due almost
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entirely to the large percentage of clover found on that

plot. Attention is further called to the fact that the first

cutting of hay on the plot receiving nitrate, dissolved bone-

black and potash is almost ecjual to that on the plot which

has yearly received a dressing of barnyard manure at the

rate of 5 cords per acre.

The analysis of the manure used is shown below :
—

Per Cent.

Water, 66.61

Total phosphoric acid, .40

Potash, 61

Nitrogen, .52

At the rate at which it was applied, the manure supplied,

per plot: nitrogen, 4.86 pounds; phosphoric acid, 3.74

pounds; potash, 5.70 pounds. The fertilizers used on plot

14 supplied: nitrogen, about 1.2 pounds; phosporic acid,

about 1.6 pounds; potash, 4.0 pounds.

As was stated in the last annual report, this field was

seeded 'Avith mixed grass and clover seeds. The clover

soon disappeared from all except those plots to which potash

has been yearly applied. In order more clearly to show the

relation of the fertilizers to the growth of the clover, the

product of an average square yard was carefully cut in June

and separated into three parts in each case, viz., gi*ass,

clover and weeds (including all plants other than true

grasses and clover) . The material thus secured was allowed

to dry until November 16. It was then weighed, with re-

sults shown below :
—

Effect of Fertilizer on Projportion of Clover. — Product of One

Square Yard, Air Dr)/.

No

Fertilizer.

Nitrate

of

Soda.

Dissolved

Bone-black.

Muriate

of

Potash.
Nitrate

and

Dissolved

Bone-blacl£.

Nitrate

and

Muriate

o
f

Potash.

Dissolved

Bone-black

and

Muriate

of

Potash.

Nitrate,

Dis-

solved

Bone-

black

and

Muriate

o
f

Potash.

Grass (grains), 28.7 84.2 22.6 49.80 74.5 76.5 131.0 133.5

Clover (grams), . 30.50 45.0 lO'S.O 75.5

Weeds (grams), . 2.8

Percentage of clover, . 37.98 37.0 45.1 36.1
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When it is remembered that the clover seed which was

sown in large quantities came up abundantly upon all plots,

it is surely striking that it should have entirely disappeared

from every plot except those on which the potash fertilizers

have been applied.

B.— Soil Test loith Onions (JVortk Acre) .

This experiment was conducted upon land which has been

used twelve years in soil test work. Each year each plot

in the field has been manured in the same manner. The last

foiu* crops have been onions, and during the time that the

field has been used in experiments with onions it has re-

ceived double the quantities of fertilizers usually used in

soil tests; viz., for each fertilizer, wherever it is used, at

the following rates per acre : nitrate of soda, 320 pounds
;

dissolved bone-black, 640 pounds ; muriate of potash, 320

pounds. The plots in this field are long and narrow, about

210 feet by 103/2 feet. One-half of each plot was limed in

the spring of 1899 at the rate of one ton per acre of quick-

lime, slaked, spread evenly after ploughing and harrowed

in. The crops grown in this field previous to the onions,

in the order in which they have been raised, are : potatoes,

corn, soy beans, oats, grass and clover, grass and clover,

cabbages and rutabaga turnips, and potatoes. The variety

of onions grown this year was Danvers Yellow Globe. The

seed germinated well ; but the plants on most of the plots

made little growth, and many soon died, especially on the

unlimed portions of plots which had received an application

of muriate of potash, or nitrate of soda, or a combination

of these Avithout bone-black. The following tables show the

results, bulbs and tops being weighed together :
—
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Onions.— North Acre Soil Test, 1901.

o

Fertilizsbs used.

Yields per Acre
OF Bulbs and Tops

(PoimDS).

Gain or Loss per
Acre, coxpared with

Nothing Plots
(Pounds).

Unlimed. Limed. Unlimed. Limed.

1 Nothing 1,680 3,200

2 Nitrate of soda, .... 2,400 4,200 -f813.33 +1,333.33

3 Dissolved bone-black, 1 880 2 600 -f-386.67 +66.67

4 ^ 1,400 2,200

5 Muriate of potash, 3,000 11,200 +1,750 +8,930

6 Nitrate of soda and dissolved 8,800 8,000 1 -t-7,700 +5,660
bone-black.

7 Nitrate of soda and muriate of 2,400 13,800 +1,450 +11,390
potash.

8 Nothing, 800 2,480

9 Dissolved bone-black and muri- 10,000 13,200 +9,050 +10,660
ate of potash.

10 Nitrate of soda, dissolved boue- 18,600 22,600 +17,500 +20,000
black and muriate of potash.

11 1,400 2,960 +150 +300

12 2,720

Results op the Addition of Nitrogen to—

Onions.
Nothing.

Dissolved
Bone-black.

Muriate
of Potash.

Dissolved
Bone-black
and Potash.

Average
Result.

Unlimed (pounds),

Limed (pounds),.

+813.33

+1,333.33

+7,313.33

+5,593.33

—300

+2,460

+8,460

+9,340

+4,064.17

-f4,681.67

Onions.

Results of the Addition of Phosphoric Acid to—

Nothing.
Nitrate
of Soda.

Muriate
of Potash.

Nitrate
and Muriate
of Potash.

Average
Result.

Unlimed (pounds).

Limed (pounds),

,

+386.67

+66.67

+6,886.67

+4,326.67

+7,300

+1,730

+16,050

+8,610

+7,630.83

+3,683.33

Onions.

Results of the Addition of Potash to—

Nothing.
Nitrate
of Soda.

Dissolved
Bone-black.

Nitrate and
Dissolved
Bone-black.

Average
Result

Unlimed (pounds),

Limed (pounds), .

+1,750

+8,930

+636.67

+10,056.67

+8,663.33

+10,593.33

+9,80(J

+14,340

-1-5,212.5

+10,980.0
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Onions.

Results of the Addition to
Nothing op —

Complete Fer-
tilizer.

Land Plaster.

Unlimed (pounds), . -fl7,500 +150

Limed (pounds), 4-20,000 +300

The results of this experhiient for this year are exactly

similar in kind to those of the last two years, but the yield

on the limed portion of the plots shows a falling off as com-

pared with last year. A chemical test of the soil taken from

this portion of these plots indicated that it is once more acid

on all plots where muriate of potash and nitrate of soda have

been used. There can be no doubt that the heavy applica-

tions of these fertilizers have again brought about conditions

such that lime is once more needed. The principal points

to which attention is called are :
—

1 . The need of lime is the most striking where the muri-

ate of potash and nitrate of soda are the only fertilizers used.

2. The necessity for lime is strikingly evident where the

muriate of potash alone is used.

3. Where dissolved bone-black is used in connection

either with muriate of potash alone or with muriate of pot-

ash and nitrate of soda there is apparently far less need of

lime. The dissolved bone-black, containing a considerable

proportion of land plaster, supplies this element.

4. The best ripened crop was found where the dissolved

bone-black was used, and attention is called to the desira-

bility of using either this or acid phosphate freely wherever

onions fail to ripen well.

5. The results make it evident that potash in abundance

is highly essential for this crop. Potash alone in combina-

tion with lime gives a much better crop than either of the

other fertilizers alone under similar conditions.

In conclusion, the belief is expressed that the soil of this

field would be much benefited by an increase in its store of

humus. Having received applications of fertilizers only for

twelve years, and not having been in grass for six years, the

stock of humus in the soil is very low and its physical con-
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dition is poor. It is much inclined to crust, and soon be-

comes so compact after tillage that aeration is very imperfect.

The results of this year lead to the conclusion that the prac-

tical advice as to the selection of fertilizers for onions ffiven

in the last annual report will be found suited to the condi-

tions existing in a majority of instances.

IX.— Manure Alone v. Manure and Potash.

This experiment, intended to illustrate the relative value

in crop production of an avei-age application of manure as

compared with a smaller application of manure in connec-

tion with some form of potash, was begun in 1890. Full

accounts will be found in preceding annual reports and sum-

maries in the reports of 1895 and 1900.

The field contains one acre, and is divided into four plots

of one-fourth acre each. The crop for the years 1890 to

1896 was corn ; for tlie j^ears 1897 and 1898, mixed grass

and clover ; for the years 1899 and 1900, corn. For this

year the field has been in grass and clover, having been

seeded in corn in the latter part of July, 1900. Neither

manure nor fertilizer was applied this year previous to the

harvesting of the rowen crop, as it was judged that the ap-

plication of manures would cause the crop to lodge seriously.

In previous j^ears plots 1 and 3 have received manure at the

rate of 6 cords per acre
;
plots 2 and 4, manure, a part of

the time 3 cords and for the last year 4 cords, and potash.

For the last few years potash has been used at the rate of

160 pounds per acre of the high-grade sulfate. The past

season was very favorable for the hay crop. The field was

cut twice, July 2 and August 28. The yields are shown in

the table :
—

Yield of Hay and Rowen (^Pouiids).

Plots. Hay. Rowen.

1,376 370

1,380 355

1,170 415

990 470
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It should be noticed that plots 1 and 3— manure alone—
gave most hay, while plots 2 and 4 produced most rowen.

This is undoubtedly due to the larger })roportion of clover

on these plots. Attention has been repeatedly called in

previous reports to the fact that the free use of potash in-

variably tends to increase the percentage of clover in mow-
ings. Combining the yields of hay and rowen, we find

that manure alone has produced crops at the rate of G,660

pounds per acre, while the lesser quantity of manure and

potash has yielded 6,390 pounds. Here is a dilQference

at the rate of 270 pounds per acre in favor of the larger

quantity of manure alone. It is estimated that the manure

alone, if purchased, is applied at the rate of $30 worth to

the acre ; the lesser quantity of manure and the potash used

with it are applied at a cost of $23.60. We have, then,

270 pounds more hay produced where the annual cost of

manuring amounts to $6.40 per acre more than where the

smaller crop is produced. Our results, then, for the past

year are clearly favorable to the lesser manure and potash.

The results of the two sj^stems of manuring up to date may
be briefly summarized as follows :

—
1. The corn crops have been substantially equal in value.

2. The hay crops have been slightly larger on the plots

receiving the more liberal application of manure alone ; but

these increases have been produced at a cost, where manure

is estimated at $5 per cord in the field, greater than their

value.

X.— Special Corn Fertilizer v. Fertilizer Richer in

Potash.

The object of this experiment, as has been fully explained

in previous reports, is to determine the most profitable

combination of fertilizers to be used for the growth of corn

in rotation with grass and clover, and especially to test the

question as to whether the special " corn fertilizers oflTered

in our markets have such composition as is best suited for

the production of corn under such conditions. The field is

divided into four plots, and tAvo of these plots— 1 and 3—
have yearly received an application of mixed fertilizers,
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furnishing the same amount of nitrogen, phosphoric acid

and potash as would be furnished by 1,800 pounds of fer-

tilizer having the avemge composition of the *' special"

corn fertilizers analyzed at this Experiment Station in 1899.

This average is as follows :
—

Per Cent.

Nitrogen, 2.37

Phosxjhoric acid, 10.00

Potash, 4.30

The fertilizers analyzed varied widely in composition,

the range for each of the elements being shown by the

following :
—

Per Cent.

Nitrogen, 1.5-3.7

Phosphoric acid, 9.0-13.0

Potash, 1.5-9.6

The other two plots— 2 and 4— received annually an

application of materials practically the same in kind and

(quantity as those recommended in Bulletin No. 58 for corn

on soils poor in organic matter. These plots are supplied

with a much larger quantity of potash and with less phos-

phoric acid than the other plots in the field. The fertilizers

applied to the several plots are shown in the following

table :
—

Fertilizers used. PlotB 1 and 3 PlotB 2 and 4
(Pounds Each). (Pounds Each).

30.0 50.0

30.0

37.5 50.0

273.0 60.0

37.5 62.5

During the past year this field has been in grass, having

])een seeded in the corn crop of last year in the latter part

of the month of July. The season has been favorable to

the hay crop, and the field has been cut twice, July 1 and

August 28. The hay was housed in good condition. The

tables show the yields :
—
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Yield of Hay and Bowen, 1901 (Pounds).

Plots. Hay. Rowen.

1,450 12.5

1,460* 260

1,250 125

1,460* 255

Plots 2 and 4 weighed together on account of threatened storm
;
but, 60 far as could be

determined by the eye, the yielda of the two plots were substantially equal.

Average Yields per Acre {Pounds),

Plots. Hay. Rowen.

5,400 500

5,840 1,030

It will be noticed that the yields both of hay and rowen,

but especially of the latter, were considerably heavier on

plots 2 and 4 {i.e., the plots which received fertilizer richer

in potash) than on the others. The first crop on these plots

was excessively heavy, and lodged to a considerable extent.

The proportion of clover was much larger than on plots 1

and 3. The fact that the rowen crop on these plots was

rather more than double that on the others was due chiefly

to this difl'erence in the proportion of clover.

The cost per acre of fertilizers applied at the rates used

on plots 1 and 3 exceeds the cost per acre of fertilizers

applied at the rates used on plots 2 and 4 by about $4.

AYe have, then, as a result of this year considerably larger

yields at less cost. This field has been used continually in

this experiment since 1891. The crop was corn for the

years 1891 to 1896 inclusive, in 1897 and 1898 the field

was in mixed grass and clover, in 1899 and 1900 in corn.

The results of this experiment to date may be briefly sum-

marized as follows :
—

1. The crop of corn has been substantially equal on the

two systems of manuring.

2. The crops of hay have been larger on the plots where

more potash has been used, and the quality has been better.

3*. The clover is relatively much more abundant on the

plots where more potash is used. This diflerencc is much
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more striking at the present time than when the field was

in grass in 1897 and 1898. In view of the well-known fact

that the clover sod when turned is exceedingl}^ favorable

for succeeding crops, it is confidently anticipated that the

differences in yields under the two systems of manuring will

increase fi'om year to year, and that the superiority of the

mixture of fertilizers containing more potash Avill therefore

become increasingly evident.

XI.— Experiment in ivianuring Grass Lands.

The system of using wood ashes, ground bone and muri-

ate of potash, and manure, in rotation upon grass land has

been continued upon the same basis as last year. There are

three large plots, varying in size between about 2^^ and 4

acres. It may be remembered that according to the system

followed each plot receives wood ashes at the rate of 1 ton

per acre one year ; the next 3"ear, ground bone 600 pounds,

and muriate of potash 200 pounds, per acre ; and the third

year, manure at the rate of 8 tons. Both this year and last

there has been used, on the plots receiving ashes, and ground

bone and muriate of potash, respectively, nitrate of soda at

the rate of 150 pounds per acre. This year, as last, a small

application of nitrate of soda has been made to about one-

half of the plot receiving wood ashes after the cutting of the

first crop, for the purpose of determining to what extent

such application is beneficial to the rowen crop. The sys-

tem of manuring is so planned that each year we have one

plot under each of the three manurings. The barnyard

manure is always applied in the fall, the ashes, and the bone

and potash, in early spring. The nitrate of soda used on

two of the plots was applied to one April 18, to the other

April 19. The past season has been favorable to the hay

crop. All these plots have been cut three times. The

total yields were at the following rates per acre :
—

Pounds.

On barnyard manure, 7,367

On wood aslies and nitrate of soda 5,817*

On bone, muriate of potash and nitrate of soda, . 6,Slo

• Actual yield, 6,679 pounds ; above figure obtained by making reduction equal

to increase believed to have been produced by application of nitrate of soda for rowen.
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The average yield of the entire area for this year is 6,859

pounds. The average for the period 1893 to the beginning

of the present year was 6,615 pounds per acre. The plots

when dressed with manure have averaged 6,878 pounds per

acre ; when dressed with bone and potash, 6,649 pounds
;

and when receiving wood ashes, 6,309 pounds per acre.

The average yields obtained on this field are surely very

satisfactory. They are obtained at a cost for fertilizing

materials applied which renders the hay crop decidedly

profitable.

XII.— Nitrate of Soda for Rowen.

We began last year experiments calculated to show to

what extent a small application of nitrate of soda applied

after the removal of the first crop of hay would benefit the

crop of rowen. The results last year showed increase in the

rowen crop suflicient to render the application a paying one.

These experiments have been continued this year, and have

been carried out on tw^o fields :
—

1. On an old sod seeded in 1887, where the prevailing

species is Kentucky blue grass, and which received in the

spring an application of wood ashes at the rate of 1 ton to

the acre and nitrate of soda at the rate of 150 pounds per

acre. The first crop was cut June 17. The nitrate of soda

w^as applied to two sub-plots, constituting about one-half of

the field, at the rate of 150 pounds per acre on July 3. The

results are shown in the table :
—

Nitrate of Soda for Rowen . — Yields per Acre (Pounds) .

Plots. Nitrate used.
Rowen,
First
Crop.

Rowen,
Second
Crop.

Total
Rowen
Crop.

Plot 1, . . . 1,148 627 1,775

Plot 2, . . . 150 pounds per acre 1,599 732 2,331

Plot 3, . . . 1,260 711 1,971

Plot 4, . . . 150 pounds per acre 1,676 880 2,556

The average rates of yield per acre are

Pounds.

No nitrate, 1,873

Nitrate, 2,444
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The average increase due to the application of 150 pounds

of nitrate of soda is therefore 571 pounds. At the current

price for nitrate of soda, this increase has cost a little more

than one-half a cent per pound.

2. Nitrate ^vas tried upon a timothy sod seeded in 1899.

Four equal plots were laid off, and to two of them nitrate

was applied at the rate of 150 pounds per acre. The first

crop Avas cut Jul}^ 8 ; the nitrate was applied July 17 ; the

rowen crop was cut September 16. The table shows the

calculated results per'acre :
—

Nitrate of Soda for Rowen. — Yields per Acre (Pounds).

Plots. Nitrate applied. Yield of Rowen.

Plot 1, . . . . 436

Plot 2, . . . . 953

Plot 3, . . . . 463

Plot 4, . . . . 150 pounds per acre, 4€3

The average rates of yield per acre were :
—

Pounds.

No nitrate, 449

Nitrate, . 709

The average increase is therefore 259 pounds, which, at

the current price for nitrate of soda, costs about 1% cents

a pound. The use of nitrate for rowen is therefore profit-

able in the case of the Kentucky blue grass sod, unprofitable

in the case of the timothy. Neither the blue grass nor the

timothy, however, are varieties characterized by a fi:ee or

abundant second growth. The results of the application of

nitrate of soda for rowen are likely to be better for other

varieties, such as orchard grass, the fescues and rye grasses.

XIII. — Experiment in Application of Manure.

Observation of the results obtained for a number of

years from the api)li('ation of manures spread in Lite full or

winter and allowed to lie upon the surface until spring had
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led to the conclusion that an experiment was needed to de-

termine whether that practice is wise. Tlie previous history

of one of our fields had left it in such condition that we

could compare two methods only of application. This field

had previously been divided into five plots, each of which

had for some ten years received dififerent manurial treat-

ment. These plots were comparatively wide, and it was

proposed to divide each in the middle, designating one-half

of each plot north, the other south. The original plots had

been numbered 1 to 5. The previous manurial treatment

had been as shown in the table :
—

Plots. Fertilizer used.

Plot 1, . Barnyard manure, 10 tons per acre.

Plot 2, Wood ashes, 1 ton per acre.

Plot 3, No manure.

Plot 4, .

Plot 5, .

Fine-ground bone, 600 pounds per acre; muriate of pot-
ash, 200 pounds per acre.

Fine-ground bone, 600 pounds per acre; sulfate of pot-
ash, low grade, 400 pounds per acre.

In 1899 the entire field was evenly manured Avith manure

from well-fed milch cows. The topography of the field is

such that there is considerable slope lengthwise of the plots,

although the lay of the land makes it possible that under

exceptional circumstances there may also be a little wash

from one plot to another. The crop in 1899 and 1900 was

corn,— in 1899 for the silo, in 1900, husked; in 1901 the

crop was Japanese barnyard millet.

The plan of manuring followed during 1900 and 1901

may be thus described :
—

Four of the plots— 1,2, 3-and 4— receive an application

of carefully saved manure from milch cows at the rate of

10 tons to the acre. Plot 5 receives an application of stable

manure at about the same rate. The cow manure when ap-

plied is comparatively fresh and unfermented. The four

plots receive this manure each at a difierent date, our prac-

tice being to remove the manure from the pits as it accumu-

lates as soon as the quantity made is sufficient for one plot.
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Whenever a plot is manured, the loads as hauled are placed

alternately one on the north and the other on the south half

of the plot. The load for the north half is spread, that for

the south half is put into a heap, all the manure for that

half being placed in one large, Avell-shaped heap. The

weight of manure for each half is the same. The manure

for plot 1 is applied in late fall, plot 2 in early winter, plots

3 and 4 in the order named, at dates still later in the winter.

The stable manure used on plot 5 has been handled in a

similar way, the application to this plot commonly being

made rather late in the winter ; and the manure when ap-

plied has been partially rotted, and hot and steaming at the

time it was hauled. Our practice has been to plough the

field in mid-autumn, and then to sow a cover crop, — usu-

ally rye. The manm*e which is put into heaps is spread iii

spring shortly before the ground is to be planted, and the

Avhole area is immediately ploughed, the manure applied

during the winter as well as that just spread from the heaps

being at that time turned in. The results for the three

years, viz., the first, when all plots were treated alike, and

the last two, when the manure was applied as just described

are concisely shown in the tables :
—

Yield of Corn and Millet^ in Pounds per Plot.

Plots.

II

Previous Manuring.

1899
Corn, Green (Both
Halves manured

ALIKE).

1900

Corn, Ears and
Stover.

1901

Barnyard Mil-
let Hay.

North
Half.

South
Half.

North
Half

(Manure
spread).

South
Half

(Manure
piled).

North
Half

(Manure
spread)

.

South
Half

(Manure
piled).

1 Barnyard manure, . 5,995 6,320 1,920 1,983 1,375 1,625

•1 Wood ashes, . 6,020 5,785 1,825 1,955 1,050 1,380

3 No manure, 2,900 4,215 1,380 1,725 740 1,310

4 Bone and muriate of pot- 5,010 4,590 1,630 1,795 1,040 1,516
ash.

5 Bone and sulfate of pot- 4,805 5,470 1,645 2,015 1,130 1,680

ash.
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Relative Yield of Corn and Millet^ in Percentages,

1 19oo 1901
CoBN (Both Halves
MANTRED ALIKE). 1

Corn.
1

Millet.

Plots.

North
Half.

South
Half.

North
Half

(Manure
spread)

.

South
Half

(Manure
piled)

.

North
Half

(Manure
spread).

South
Half

(Manure
piled).

Plot 1, 100 105.4 100 103.4 100 118.1

100 96.1 100 107.1 100 131.4

Plot 3 100 145.3 100 12.5.0 100 177.0

Plot 4, 100 91.7 100 110.4 100 145.6

Plot 5 100 113.8
'

100 122.5 100 148.7

It will be seen that the two halves of the several plots

•were not quite even in fertility, as indicated by the yields

of the first year, at the start. The greatest diflerence was

found on plot 3. The north half of this plot suffers from

spring or ooze water to a greater extent than the south part.

AVe must be cautious, therefore, in attaching importance to

the largely increased difference in yield on that half of this

plot manured in spring for the past season. It will be

noticed, however, that, Avhile there are differences in the

degree, there is a marked tendency to increased superiority

in favor of spring application on the other plots of the field

as well as on this.

This experiment will be continued ; but it has seemed

wise to call attention to the results so far obtained, for the

reason that the conditions on this field as records the nature

of the surface are similar to those existinof -in the fields on

many farms, and for the further reason that the results cer-

tainly indicate that there is orravc reason to doubt whether

application of fresh manure during the winter and allowing

it to lie upon the surface until spring is wise. In conclu-

sion, I should perhaps call attention to the fact that, while

the difference between the south and the north half of plot 3

may be to a considerable degi-ee due to the different natural

conditions, it seems only reasonable to conclude that it may
be in part also due to the fact that the fertility of this plot

at the start was much lower than that of the others, as it
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had been cropped for many years without application of

manure or fertilizer of any kind. On the other plots, which

had been well manured in preceding years, it would not be

strange should a good yield be obtained on the north half,

even although the manure spread there during the winter

may have sulfered serious loss. The fact that the difference

between the north and south halves of plot 1 during the

past two years is less than on any of the other plots, serves

to confirm this view ; for it will be remembered that plot 1

had yearly received a fairly liberal application of barnyard

manure for a long series of years previous to the beginning

of this experiment.

XIV.— Alfalfa as a Forage Crop.

There is at the present time so much interest in altalfa as

a forage crop that attention is called to the fact that the

results obtained at this station have been distinctly un-

favorable. Alfalfa has been under trial in a small way for

a considerable number of years, and we have never succeeded

in obtaining results encouraging to its general introduction.

It is well known that alfalfa thrives best on soils where

the water level is well below the surface, and where the

texture of the sub-soil is not too compact. AVe have not

perhaps an ideal soil for alfalfa on the college estate. It

has been tried, however, on a considerable number of fields,

some of which it would seem must possess soil with the

right characteristics. It is known, further, that for success

with altalfa the soil must be rich in lime. Our soils are not

naturally rich in this constituent. In one of the experiments

of the past few years which will now be briefly described

we have made a heavy application of lime to one-half of

the plot.

A,— Alfalfa on Campus Slope,

The field known as campus slope falls off gradually toward

the west, aflbrding perfect surface drainage. The surface

soil is fine, medium loam, Avhich gives excellent crops of

potatoes, corn or clover. The sub-soil to the depth of three

or four feet is of the same general character as the surface
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soil, tlioui^h ('()ntainiii<j:, of course, less Imnius. At the

depth ot* five to six feet begins a somewhat open-textured

grave], — a (juality of gravel whieh makes quick-bedding

road material, but which as it lies is not at all of the nature

of a hardpan. The water level of this field is well below the

surface. In 1899 the field produced a crop of potatoes ; for

the two previous years it was in mixed grass and clover.

It was manured in the spring of 1900, at the rate of 4 cords

to the acre ; the manure was ploughed in. The plot, which

was 40 feet in width and 152 feet long, w^as divided into

two strips, and to one of these lime was applied at the rate

of 1% tons (air-slaked) per acre. After ploughing, fer-

tilizers weve applied at the following i-ates per acre :
—

The seed was sown in rows ten inches apart on May 22.

The plot was hand-w ceded and hoed several times through-

out the smiimer. The growth was very slow, and no crop

w^as harvested. This al^ilfa passed through the winter in

good condition. The plot was lightly harrowed on April

16 ; on May 1, it was hoed. On May 6, fertilizers were

applied in the same amounts as in 1900. Early in the

summer it was noticed that the alfalfa w^as somewiiat better

on the limed half of the plot. To the west end of both

limed and unlimed portions^a small application of soil from

an alfalfa field in Kansas was made in the spring of 1900.

This w^as for the purpose of testing whether defi.ciency of

bacteria of the right kind was the probable cause of the slow

grow^th of the crop. It w^as believed that the Kansas soil

would furnish these. No particular difference was noticed

during the first season ; but by the middle of June the past

season it could be plainly seen that the growth where the

Kansas soil had been spread was superior to that on the

other parts of the plot. The plot was cut three times during

the season, June 20, July 21 and September 6, each time

when in early bloom. The yields per plot were as follo^vs :
—

Pounds.

Sulfate of potash, high grade,

Acid phosphate,

Steamed bone,

250

400

200
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Yield of Alfalfa (Pounds).

Jane 20. July 21. September 6. Total Crop.

175

290

70

105

130

170

875

565

The total yield was at the following rates per acre : un-

limed, 5,374 pounds
;
limed, 8,088 pounds. These are green

weights, and they represent a very small and unprofitable

product. It is of course possible that the poor growth may
be largely the result of the absence of bacteria of the right

species in suitable numbers ; but the yield even on that part

of the plots to which the Kansas soil was applied wa.s

exceedingly small.

B.— Alfalfa on Field B.

The second plot on which we now have alfalfa is one of

those in field B, which has been yearly manured with bone

meal at the rate of 600 pounds, and muriate of potash, for the

last two years, at the rate of 250 pounds per acre. The soil

of this field is a moderately heavy loam. It is tile-drained,

by means of one line of tiles running tlirough the middle

of the plot ; the depth of this drain varies between three and

four feet. This plot has recently produced good yields of

a number of our common farm crops. The seed was sown

on this field in the spring of 1900, in drills, as in the other

field, and the crop was very carefully cared for. Nothing

was harvested in 1900 ; but the crop, which was just begin-

ing to bloom, was cut on July 1, as it showed signs of

blight. That which was cut was allowed to remain on the

ground. It may be here remarked that this practice has

been strongly recommended by farmers who have had ex-

perience in the growth of alfalfa in New York, where, as

here, the crop is somewhat subject to a rust-like blight.

The experience of these farmers has led them to conclude

that when this blight shows itself the crop must be im-

mediately cut : otherwise, as the leaves are soon destroyed,

the vitality of the plants is seriously lowered. Their ex-

perience is that, if the crop bo promptly cut and allowed
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to remain on the ground, a healthy growth soon takes place.

Such observations as we have been able to make here in-

dicate that this practice is beneficial.

In the spring of the past year it was found that most of

the plants had been lifted from one to two inches by the

frosts of winter and spring. Nearly all of them, however,

appeared to be alive, and they soon started fairly w^ell,

though the growth did not present a good color. On April

13, fertilizers in the usual amounts were applied broadcast.

On April 16, the field was harrowed lightly with a smooth-

ing harrow. The crop was cut three times, as follows :
—

June 20, just coming into bloom, 2 to 2% feet in height,

the lower leaves beginning to show spots, and turning

yellow. Yield, green, 910 pounds.

July 22, in bloom, showing a little blight. Weight,

green, 465 pounds.

September 6, beginning to blossom, slightly affected by

blight. Weight, green, 440 pounds.

The area of the plot is about two-fifteenths of an acre.

The total green weight is 1,815 pounds, which is at the

rate of 13,610 pounds per acre. The crop has been once

hand-hoed during the past season. The yield of rather less

than 7 tons to the acre is much less than could have been

obtained from clover, at far lower cost for labor.

In conclusion, these results are presented not as con-

clusive, but rather to indicate the need of caution on the

part of our farmers in the direction of experiments with

this crop. True, it is the most valuable forage crop known
in the United States in many sections ; but it cannot be

regarded as by any means certain that it can be made to

succeed on the averaofe soils of this State. If successful

anywhere, it seems likely to be on deep, mellow soils, of

alluvial or drift formation, and where the water table is

well below the surface.

XV.

—

An Old Crop under New Names.

Pearl millet has been advertised by seedsmen for many
years, and has been occasionally grown by some of our

farmers. Within the past two or three years seedsmen in

different parts of the country have advertised Avhat, as a
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result of our comparisons, it is concluded is precisely the

same variety under new names. The names which have been

brought to our attention are Mand's Wonder Forage Crop

and Brazilian Millet. Seed offered under these names was

procured in preparation for this season's work from the so-

called originators or introducers. We also secured seed

from some of our prominent seedsmen who in tiu'n had se-

cured it from would-be introducers. The most careful com-

parisons throughout the entire season failed to disclose any

difference. Mand's Wonder and Brazilian millet, so called,

appear to be identical in every way with Pearl millet.

The latter seed can usually be obtained of seedsmen at about

10 cents per pound, while under the new names the prices

charged are much in excess of this fi^jure. Such trials of

Pearl millet as have been made here have led to the conclu-

sion that it is not a crop which is likely to prove of any con-

siderable value, unless it may be upon very light, dry and

warm soils. The crop has been described and commented

on at length in previous reports.
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EEPORT OF THE BOTANISTS.

G. E. STONE, R. E. SMITH.

The dying of cut-leaved birches.

The present status of chrysanthemum rust in Massachusetts.

The effects of desiccation on soil.

Melon failures.

Stem rots and wilt diseases.

The present status of asparagus rust in Massachusetts.

Sterilization of soil in greenhouses for fungous diseases.

Similar lines of routine work and investigation have been

followed in this department as outlined in former reports.

During the summer, $400 was expended on repairs and im-

provements of the building, including part of the green-

house, and more particularly upon the trucks and tracks

utilized for pot experiments. The shed and large unheated

greenhouse which were designed for truck experiments have

been retracked and concreted, and the original trucks, which

were rather primitive in construction, have been remodelled

and provided with roller bearings.

Certain species of fungi afiecting shade trees and economic

crops have been rather common diu'ing the year. Among
these may be mentioned the GJoeosporium (^G. nem'sequum

(Fckl.) Sacc), which caused more or less defoliation of the

white oak thi-oughout the State. In some instances the

foliage was affected to such an extent that half of it fell off

which was, as usual, replaced later on by a new growth of

leaves. So far as I am aware, no treatment has ever been

given the oak for this disease. The fungus appears to be

confined to the lower portion of the tree, and no doubt a

good spraying of this part with some standard fungicide as

soon as the leaves have unfolded and more or less developed
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would control this outbreak. This treatment is only recom-

mended where such trees occur in valuable situations, such

as on lawns, etc., and where the expense of spraying would

equal the utility and value of the trees for shade or aesthetic

purposes.

The sycamore has also shown, as it is very likely to each

year, more or less defoliation from a similar fungus.

The Gloeosjyorium on the maple, previously mentioned in

our reports, has been more or less common, causing some

injury to the foliage, and a leaf-scorch entirely due to a lack

of water supply, causing a drying up of the leaves, has been

observed to some extent.

This division frequently received specimens and letters

relating to these diseases. They do not constitute very

serious maladies, as a rule, and the question of treatment is

usually one based upon the utility of the tree under con-

sideration.

Many elm leaves are frequently subject to the fungus

known as Dothidea Uhni\ (Duv.) Fr., and the European

linden in some localities suffers from the effect of a leaf

spot (Cercospora microsora^ Sacc). Both of these fungi

cause the foliage to become spotted and to fall prematurely.

It would not be a bad idea once in tliree or four years to

spray badly affected trees, so that they may at least once

in a while have a clean crop of foliage, which would exert

considerable influence on the growth of the tree.

Other fungi which have been more or less common are the

tomato spot or mildew, leaf blight and leaf spot, the quince

rust, melon blight, bean anthracnose and asparagus rust.

Bacterial rot on cabbage has caused some loss to this crop,

and it was noticed in fields that had been planted to cab-

bages for the first time.

The Dying of Cut-leaved Birches.

The dying of cut-leaved birches became quite a notice-

able feature in some places in the eastern part of the State

this past summer. The cause of this trouble was inciden-

tally due to borers, but in all probability it was primarily

brought about by the drought last season. Probably many
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of these trees could have been saved if they had been cut

back in time, in order to correlate top growth with that of

the roots. Many of our maple trees, when grown on dry,

gravelly soil, suffer greatly during a season of drought, and

the effect of this suffering is usually increased by the pres-

ence of borers in the following years. In cities the re-

stricted growth of roots, caused by pavements, sidewalks,

regrading, etc., induces similar pathological conditions in

the tree, which are sooner or later followed by the same mis-

chief-makers.

The Present Status of Chrysanthe^itjm Rust in Mas-

sachusetts.

The chrysanthemum rust was first noticed in this State in

the fall of 1896,* this being the first recorded instance of

the appearance of the rust in the United States. The fol-

lowing year it became more widely disseminated in Massa-

chusetts, and has since extended over the larger portion of

the United States, f We have never, however, regarded its

appearance in this State as a matter of very serious conse-

quence
;
nevertheless, we have felt it necessary to keep a

watchful eye over its presence in our midst. During the

past fall we have made an effort to obtain, by means of

circulars, whatever information could be secured ; and in so

far as its occurrence in this State is concerned, this informa-

tion has borne out our conception of it.

Only one stage of the rust, the uredo, has been found

on the plants affected in Massachusetts. In the absence of

the other stages which are characteristic of rusts, it might

be expected that it would not obtain a very strong foothold.

Upon this point Dr. Arthur J ^vrites as follows : ''Another

circumstance much in the cultivator's favor is the propagation

of the disease without the fonnation of the customary teleuto

spores or third stage. Not only does this render the disease

far less persistent, but without doubt indicates that it is less

vigorous in its attacks. In general, when a rust is confined

* Annual report of the Hatch Experiment Station for 1896, pp. 276-279.

t For details connected with the spread of the rust, etc., consult Bulletin No. 85,

October, 1900, Indiana Agricultural Experiment Station.

X Bulletin No. 85, p. 128, Indiana Agricultural Experiment Station.
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to the uredo foi-ms for a number of ^generations, its vitality

is mueh reduced, and also its power of injuring the croj).

So long as the teleuto spores do not make an appearance in

this country, the careful cultivator may feel assured that a

moderate amount of timely effort will enable him to rid his

establishment of the rust."

From data contained in this circular, it appears that the

rust was most prevalent during the years 1897 and 1898, or,

in other words, during the first year or two of its outbreak.

At this time it became more generally distributed over the

State, and of course there ^vas more infection as a whole.

It also affected the individual plants more severely during

the first outbreak than in the later ones. During the last

three 3^ears it has shown, as a whole, a marked tendency to

decrease in this State. There are, to be sure, individual

growers who report an increase ; but this increase is per-

haps due to their methods of cultivation, and not taking

sufficient care to propagate from clean stock. One-third of

the growers state that they never had the rust on their plants,

and were familiar with it only as they had seen it on other

stock, while others have only experienced a slight infection

one 3^car. One florist who cultivates 40,000 plants, states

that he has not had the rust for three years, or since 1898,

and at that time he had it only to a very slight extent.

The amount of infection which has been prevalent varies

from .1 per cent, to 50 per cent., the latter figure being

exceptionally high, for very few have had even 25 per cent,

as a maximum amount of infection. The financial damage

to the crop is far less than the above, and in most instances

it amounts to nothing. The worst injury appears to be to

the gardeners' pride, inasmuch as a large percentage of the

plants are grown for competition in shows, and even a slight

blemish caused by two or tliree rust pustules on a single

leaf, is very annoying to skilful gardeners, who take

pride in exhilnting their plants. Most gardeners agree that

weak stock is the most susceptible to rust ; and if weak,

infected plants are allowed to remain in close proximity to

strong, healthy ones, they too will subsequently become in-

fected. The variety known as the Queen is singled out as
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the one most susceptible to infection. One grower believes

that pot-grown plants are more susceptible to rust than those

planted in benches.

The remedies suggested by the different growers consist

in hand-picking the affected leaves, selecting clean, strong

stock, discarding susceptible varieties, and inside culture.

These suggestions appear to us very reasonable, and if they

are carefully carried out there is at present little reason to

doubt that it can be practically eliminated. In regard to

the practice of inside culture during the suumier, we find

that many excellent growers lay much stress on this prac-

tice, and from what we have seen of it we consider it very

essential in order to obtain plants free from rust. The reason

that inside culture results in less infection is probably due

to the avoidance of mists and dews on the foliage, hence

furnishing less favorable opportunity for rust spores to ger-

minate and cause infection. Care should also be taken to

keep all unnecessary water off the foliage in cultivating in

the greenhouse. One successful grower makes the following

statement :
'

' I have found that when plants Avere planted

in benches in a good house, where plenty of air could be

admitted and the soil kept in good physical condition, they

were almost never troubled with rust."

Most growers are unanimous in considering the chrysan-

themum rust of little consequence, and others look upon it

as a thing of the past. There are a few, however, who have

not succeeded in subduing it, who still think it a serious dis-

ease. Some have resorted to spraying, with results that

amount to little more than partial suppression. It appears

from our own observations, as well as from those obtained

from the most successful growers of this plant, that the

proper remedy lies in the judicious selection of healthy,

rust-free stock, and inside cultivation. K, however, any

of the leaves become infected, they should be removed and

burned immediately ; and if a plant is badly affected, it

should be destroyed. In Avhatever manner tlie plants are

cultivated, whether in-doors or out-doors, endeavor to keep

the dew and moisture off the foliage as much as possible.
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The Effects of Desiccation on Soel.

The practice of desiccation or drying greenhouse soils by
aid of the heat of the summer sun has been in vogue Avith

us for some time, for the purpose of observing what effect

such treatment would have on certain organisms. We have

alread}' shown that the Sderotinia or the drop fungus when
dried is greatly accelerated in its activity, which increases

to a great extent the amount of infection in the succeeding

crop of lettuce. The resting spores of many other plants

are undoubtedly affected in the same way. There are other

effects of drying on the soil Avhich prove very destructive

to the development of lettuce plants, although we have not

observed this effect upon other species. On lettuce we
have observed this repeatedly, and the characteristic re-

sults of such drying are manifested in a stunted growth

and abnormally colored and worthless crop. The crop

scarcely ever attains more than one-third of its size. The
texture of the plants is poor, being thick and tough, and

inclined to crinkle. That this is caused by desiccation

alone is shown by the fact that wherever any drip from the

roof fell upon the soil during the summer rains, the plants

growing in such places were always normal. Distinctly

sharp lines can be observed in a lettuce crop grown under

such conditions, oAving to the difference in development

brought about by desiccation and the presence of a small

amount of water due to dripping. Instances have come to

our notice where large houses devoted to lettuce have been

allowed to become quite dry, with the same result on the

crop as noted above. The remedy for this trouble is

obvious
; namely, not to allow the house to become too

dry in summer, but to keep thjB soil more or less supplied

Avith w^ater. If such drying occurs, the soil can be entirely

renovated by applying hot water or steam to it, as we have

already shown more than once.

Melon Failures.

No trouble with plants has been more general in New
England the past season than that attending the growing

of muskmelons. In a great many cases this crop has been a
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total loss, and almost without exception the yield has been

greatly diminished and the quality of much of the fruit put

on the market impaired. In two previous reports (1899

and 1900) we have mentioned this subject, but the trouble

has never been so general before. The melon blight de»-

scribed in our report for 1898 was found to be due to a

leaf spot fungus of the form called Alternaria. This disease

appeared in the latter part of August, as the fruit was ap-

proaching maturity, and soon killed the vines so completely

that the crop in the affected field was a total loss. The

trouble was not at the time general throughout the State

or even in the immediate region, though it had previously

been known in other States. The following year the same

disease occurred quite abundantly, and along with it the well-

known cucumber anthracnose {OoUetotrklium lagenarium)

was very prevalent on muskmelons and watermelons. This

second disease appeared earlier in the season than the

Alternariay coming on in July. Between the two diseases

and the gradual spread of the trouble the damage to the

melon crop was considerably greater in 1899 than during

the previous year, and many growers determined to give up

this crop. In 1890 more or less trouble was experienced,

but not to a marked degree. In that year, however, there

appeared in the State upon greenhouse cucumbers for the

first time, so far as known, since 1889, the downy mildew

of the melon, cucumber and similar plants. During the

past season of 1901 complaint has been general from all

sections of the State of the complete failure of the musk-

melon crop. Examination of the first material sent in

revealed the fact that still a third disease had come upon

this unfortunate plant,— the downy mildew was abundant

on every affected leaf. This proved to be the case in every

instance. Affected plants from Amherst, South Amherst,

Belchertown, Worcester, Lancaster, Fitchburg, Belmont,

Andover and other towns in the State all showed the downy
mildew (Plasmopara cubensis)^ while in most instances one

or both of the other two fungi were also present on the

same leaves.

The consideration of this trouble is therefore a complex

one, and each of these destructive fungi must be taken into
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account. It must be remembered that each is a definite

organism, growing parasitically upon the leaves of the

melon, and having its regular course of development.

Taking up each disease separately, we find the Alternaria

less abundant this 3xar than when it first appeared. No in-

stances have been found, as was certainly the case in 1898,

of this fungus alone being the cause of the trouble. It may
be mentioned here, however, that specimens of the melon

blight, now so prevalent in the extensive Colorado melon

districts about Eocky Ford, sent by ^Ir. H. H. Griffin of

the Colorado Experiment Station, show only a fungus api)ar-

ently identical with our Alternaria. All our experience

indicates that trouble from this source alone is not to be

looked for until comparatively late in the season,— not,

probably, before August 1.

The anthracnose i^Colletotrichum) causes a well-known leaf

blight on gi'cenhouse cucumbers, and has been very com-

mon on melons the past season. It is more usual on water-

melons than muskmelons, having often been the cause of

serious damage to the former. On both species it attacks

the fruit as well as the leaves, causing spotting and decay.

This fungus is not, apparently, as definite in the time of its

appearance upon melons as either of the others, but is liable

to come on earlier, and generally does so when abundant.

The downy mildew has been comparatively unknown in

this State up to the present outbreak. It is now abundant on

greenhouse cucumbers, and occurred everywhere on musk-

melons last summer. Farther south it has been well known

on these plants for some time. The appearance of the fungus

on melons is not to be looked for here before Auorust 1 and

quite commonly it did not become destructive last season

until September 1.

A typical case of the simultaneous occurrence of these

three diseased occurred at Mr. A. A. Marshall's place at

Fitchburg, ^lass., where the growing of muskmelons is made

a specialty. Eight acres were grown, all in one field, and

all of one variety, the ^liller's Cream. At one end of the

lield the ground was slightly rising, and on this portion the

same crop had been grown the preceding year, the rest of
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the field being new to melons. About July 22 it was first

noticed that a blight was appearing on the vines on the old

ground. This did not increase very rapidly or cause any

serious damage for some time. When visited, on August

17, picking had just commenced, and the crop was mostly

in excellent condition. In the most alfected part a few

plants were dead or had been pulled out, and many leaves

were spotted ; some of the fruit also showed spotting and

decay. Examination of the badly affected plants, i.e., those

which had been earliest attacked, showed the presence of

the anthracnose in great abundance, some Alternaria^ while

the downy mildew appeared to be just coming on. The

decay of the fruit was due entirely to the anthracnose.

From this time on the trouble spread rapidl}^ to other parts

of the field, and in this later attack the mildew was almost

entirely the cause of the trouble. In other places also,

where no disease appeared until about September 1, the

rapid destruction which followed was due to the same cause.

From all the cases reported it is evident that, except for

the rather unusual case of the anthracnose becoming abun-

dant in July, the chief trouble with the melon crop comes

on about September 1, or in the last days of August, just as

the fruit begins to mature. The appearance of a badly

blighted field is a most discouraging one to the melon

grower, the ground being covered with good-sized but

mostly flavorless worthless melons among the dead vines.

It therefore comes about that a saving of the vines for two

weeks at this time is of supreme importance, and even one

week means often the diflference between profit and loss to

the grower.

Treatment.— In order to gain this period in the life of

the plant, the most obvious methods are by getting an early

start, by the use of early varieties, and by protecting the

plant by spraying. Each of these is of practical impor-

tance. The first is often practised by starting the plants

in hot-houses or frames, and transplanting later to the open

field. This method has been used with promising results,

and deserves a trial wherever practicable. The choice of

varieties is largely a matter of personal taste in this crop,
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many growers having their own strains, from which they would

depart only with great reluctance. It can only be said that

the earliest varieties which are otherwise satisfactory should

be grown. From the present outlook, the early fruit must

form the bulk of the melon crop.

Spraying,— Considerable success in preventing the at-

tacks of all these fungi has been obtained in various experi-

ments and places b}^ spraying melons and cucumbers. No
very extensive results have been obtained, however, with

the melon crop in this State. Mr. ^Marshall's fields were

sprayed seven or eight times during the season with various

copper fungicides. All the plants were sprayed, so that it

is impossible to say just what was gained, and whether the

antliracnose which appeared in July would otherwise have

proved more destructive. Judged by the case described in

our 1900 report, there was a decided gain in this respect.

Certainly ^Ii*. ^larshall's vines kept alive some time longer

than the average in the State or vicinity, and the spraying

appeared to have been of advantage. Mr. L. W. Goodell,

the Pansy Park seedsman, sprayed with Bordeaux mixture,

and in his field a gain of from one to two weeks in the life of

the most thoroughly sprayed portions was plainly apparent.

Thorough spraying of melons is difficult, for two reasons,—
the prostrate position of the plant, making it almost impos-

sible to spray the under side of the leaves, and the rough,

hairy surface of the leaf, to which the spray does not readily

adhere.

At present the following recommendations seem advisable

for this trouble : try, by the methods suggested above, to

mature the crop as early as possible
;
spray with Bordeaux

mixture with great thoroughness throughout the season, be-

ginning as early as July 1.

Stem Rots and Wilt Diseases.

Troubles of this sort, in Avhich affected i)lants show a Avilt-

ing and withering of the leaves, caused by a more or less

rapid decay of the stem, appear to be largely oh the in-

crease in cultivated plants. Three such diseases are of spe-

cial importance at present, owing to their rapid increase.
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These are the stem rots of the chrysanthemuiii, carnation and

aster, all of comparatively recent occurrence, but becoming

more and more serious each year.

Chrysanthemum Stem Rot.— This disease has been known

in Massachusetts onl}^ during the past two years, but has

rapidly increased, and is considered by many growers as

the most serious trouble threatening this important plant.

It is characterized l^y a slow fading and withering of the

leaves, beginning towards the bottom and gradually working

up the stem. The flower develops poorly or not at all, and

the whole plant finally dies prematurely. The cause of the

disease is a fungus which groAvs in the stem and fills up the

large ducts or vessels tlirough which the water must pass in

coming up from the roots. The development of this fungus

has not yet been closely followed
; but, since it is a species

oi Fusarium, similar forms of which cause like diseases in

other plants, there can be but little doubt that the plant is

first attacked from the soil, whence the fungus spreads into

the stem and on up through it to a considerable height. As

the pores become more and more clogged with the fungous

gro\\i:h, the water supply to the leaves is diminished, and

consequently they gradually die and wither away. It is

noticeable that this disease appears most commonly as a re-

sult of conditions favoring "damping off*." Where young

plants are crowded in flats or beds, those in the centre are

generally the ones to show the trouble. This is likewise

true with the other diseases of this class mentioned here,

and such conditions should be avoided. The soil is to be-

looked upon as the chief source of infection in all such

troubles. There is no danger of contagion in well-rooted

plants by spores in the air, as with rusts, mildcAvs and simi-

lar diseases. Healthy propagating stock, fresh soil, or that

which has been sterilized,* and hygienic conditions, are the

most effectual means of controlling such a trouble as this.

Carnation Stem Rot.— This disease has been longer and

more generally known than that of the chrysanthemum, but

* One florist who grew 125,000 chrysanthemums sterilized the soil in ten houses,

200-300 feet long and 20-30 feet wide. Three and one-half houses, 300 feet long

and 18-40 feet wide, in which carnations are growing, were also sterilized. The
result of this experiment has not as yet been ascertained.



68 HATCH EXPERIMENT STATION. [Jan,

it is of comparative!}^ recent occurrence. Most growers,

however, know and fear it more than the rust or any other

carnation disease. It has been found that there are in reality

two distinct stem rots of the carnation, caused by two differ-

ent fungi. In one a soft rotting of the whole stem occurs

just at the surface of the ground, thus killing the plant

quickly and completely. This is caused by the Rhizoctonia

fungus described in our Bulletin No. 69 as the cause of a

lettuce rot, and what is said there in regard to this destruc-

tive parasite applies equally well in the carnation disease.

Since this fungus produces no spores to disseminate it in

the air, but is limited to growth in the soil, sterilization by

means of steam gives absolute results in preventing the dis-

ease, if healthy propagating stock is used. Another carna-

tion stem rot is caused by a Fusarhim similar to that in the

chrysanthemum. In this case a soft, rapid decay does not

occur, as in the Rhizoctonia disease, but the fungus Avorks

up through the pores of the stem, gradually clogging them,

and the plant slowly fades away and dies. The stem goes

to pieces in the last stages of the disease, but ma}' be badly

affected some time before this, the first symptoms appearing

in the wilting of the plant. The use of healthy stock and

fresh or sterilized soil is to be strongly urged where this

disease has appeared, as well as the removal of all affected

plants and the soil near them from the bed.

Aster Stem Rot.— A Fusarium stem rot of the China

aster is very common and destructive, and seems to be on

the increase. This disease will be more fully described in

a bulletin of this division. Our investigations have shown

that it is always first contracted as a "damping off" in the

seed bed. Some plants die at this stage, but many live to

be set out in the bed. Here the disease manifests itself at

almost any time, by a gradual wilting, fading and death of

the plant. Only in the last stages does the rotting of the

stem appear
;
long before this the pores are clogged by the

fungus, and wilting produced as in the other diseases. So far

as our results go, it is possible to entirely avoid tlic trouble

by starting the i)lants in the open ground, or otherwise

avoiding ''damping off" conditions. Thousands of plants
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thus .started have been i^rown on land badly infected with

the disease, without a single ease of stem rot. In this ease,

however, some other troubles with a similar effect must also

be considered, particularly the attacks of root lice, one of

the worst pests with asters. All of these will be fully

discussed in the forthcoming bulletin.

The Present Status of Asparagus Rust in Massa-

chusetts.

The asparagus rust made its appearance as usual in either

one form or another during the summer and early fall. In

July and August outbreaks of the uredo stage were per-

haps not so severe, as a whole, as in some other years
;

nevertheless, it was severe enough to be likely to cause

damage to the crop next year. The distribution of the rust

in this State remains nearly the same as it has for some

years, although within the last two years there has been a

slight tendenc}' for the uredo stage to show itself on some

beds which heretofore have never presented anything but

the teleuto spore stage. These beds appear to be in soil

presenting more water retentivity than those soils upon

which the rust has caused the most injury in years past. In

this connection it should be stated that, while the uredo

stage has shown on them, it does not occur nearl}^ so early

or so severely as on the lighter soils. The uredo spore

stage occurred in the latter part of August on these beds.

Other than these few instances, the distribution of the uredo

spore stage, which constitutes that form of the rust causing

practically the only injury, is about the same as it has been.

The rust constitutes a very serious factor to asparagus

growers, especially to those who have a large number of acres

located in infested regions. On account of the high prices

of asparagus in the market last spring, the financial returns

were not so unfavorable as they might have been, consider-

ing the small yield due to the effect of rust. The great diffi-

culty that now exists with those growing asparagus on dry

soils subject to rust infection is in starting new beds. The

young beds rust so much earlier than the old ones that they

suffer more severely as a consequence, and in many cases
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are so Aveakenod that it looks ciuestionable whether they

will ever develop into anything of value;.

We have previously attempted to show that the outbreak

of the uredo spore stage in this State bears a direct relation-

ship to the water retentivity of the soil ; that is to say,

during a season of drought, soil capable of holding a small

percentage of water becomes exceedingly dry, and it is on

these soils that plants suffer. There has been nothing

observed to disprove this idea, as we still find the uredo

or injurious stage of the rust usually occurring on those

soils which are light, and we do not get this stage on plants

grown on other soils. We have made a great many addi-

tional analyses of soils of the State diu-ing the past two

years, and the results obtained from such analyses bear out

these conclusions. It is also noticeable that in those regions

where the soil is lighter and more porous the uredo spore

infection shows itself earliest each season, and where the

soil is heavier and more compact infection is later, hence

doins: less damaofc. Beds situated in re^jions where the

latter conditions prevail have not been damaged nearly so

much in the last five years as those situated in the lighter

and more porous soils.

The foundation of the idea of the relationship existing

between the soil and the uredo outbreak is based upon vigor.

In seasons of drought plants become very much weakened,

hence thc}^ become infected ; while those plants grown in

neighboring towns, which are characterized by much heavier

soil, never have an3^thing but the teleuto spore stage occur-

ring in September or October. The teleuto spore stage ap-

pears to be widely distributed in the State, and has been so

from the very first. The question naturally arises. Why do

these teleuto spore infected beds not have a summer stage?

There arc certainly plenty of beds which do not have it, and

their distribution is wide. All the theories relating to the

influence of such factors as dew, elevation, points of com-

pass, shelter, utterl}^ fail to account for a lack of uredo

spore infection on these beds. The principal and most

important difi'erence found in these beds which are subject

to the summer and fall infection is the one of soil text-

ure and water-retaining capacity, which enables the plants,
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other conditions being equal, to remain viirorou.s during

seasons of drought. When the asparagus rust first made its

appearance, there could be seen beds in which one portion

was infected, while the other showed not the slightest trace

of disease. The only difterences existing in the plants were

in their age and treatment. The differences of infection in

these cases were due to different degrees of vigor. But

such beds, being in regions where the soil is ver}^ sandy,

subse(]uently became rusted. One bed on the college ground

has had the fall stage since 1896, it usually appearing be-

tween September 15 and October 1. It has, however, never

shown any trace of the rust in summer, or previous to

September. Other beds, both young and old, situated close

by, have been entirely free at times, and only insignificant

teleuto spore pustules have been found on them very late in

the fall. All the beds are situated on soils possessing high

water-retaining properties, as well as an abundant supply of

water from below.

Some attention was given to the rust problem by this

division during the summer, and many localities have been

examined. We have also, as usual, sent out a series of

circulars, asking for information on certain points. Among
other questions asked were those relating to the effect of dew,

elevation and shelter from tree growths, etc., on infection.

Not a sino'le instance has been brous^ht to our attention

where the shelter produced by forest growths or crops has

exerted any influence. As to the effect of elevation, con-

siderable difterences have always been observed b}' us in the

amount of rust on a single bed, and such instances have

been reported by asparagus growers in their correspondence.

Where a bed runs down a little elevation, and where there

are more moisture and organic matter contained in the soil,

the plants are larger, more luxuriant, and there is less

infection. Xo srrower has been able to «:ive us the slis^htest

hint that plants are prone to show more infection in regions

that are subject to dews. Since there is likely to be more

dew deposited on the lower part of a bed than on the upper

part of it, and if this factor is alone responsible for infection,

we would expect to find more rust on those plants grown on

the low portions of the bed than on the upper part. This is,
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however, as we have stated, not borne out by our observa-

tions ; on the other hand, the reverse is true. In general,

elevation is connected with dew only in a relative sense,

inasmuch as a location 300 feet above the sea may be subject

to less dew than one 600 feet in height. And it is not to

be presumed, as one m*iter has inferred, that the elevation

above the sea level necessarily indicates in every instance

the amount of dew which ought to be present there ; in other

words, local conditions affect the amount of dew. On Long
Island it is reported that the lower beds rust first, and then

those on higher elevations. It may be perfectly true that

this takes place in that region and on those soils, although

no such instance has come to our knowledge in this State.

When plants are not resistant enough to stand uredo spore

infection it is not difficult to understand how this might take

place ; but the presence of any amount of dew fails to infect

some beds in this State. The principal bed on the college

grounds is located near a pond, and only a few feet above

it. If the eflfect of dew constitutes an important factor for

uredo spore infection, then it would seem as if this bed

ought to show it, but fortunately it never has.

There is evidence, however, tiiat dew plays an important

part in asparagus rust infection in those regions where all

of the conditions are favorable for uredo spore outbreak

;

or, in other words, there are local conditions that exert an

influence ; but it appears to exert no such influence so far

in those beds which show resistance enousfh to overcome the

uredo stage. We have repeatedly seen plants grown under

trees, or in any place where they were shaded by some cov-

ering, that scarcely showed the rust, whereas those plants

just outside of the covering of the limbs, etc., might be

badly affected. Our attention has been repeatedly called to

this peculiarity by correspondence with asparagus growers,

and this freedom from susceptibility in such local insto^nces

is undoubtedly caused by the absence of dew. These facts

suggest a possible remedy for the rust,— at least in the

starting of young plants. The young plants rust much
more easily than the old ones

;
they are much more severely

injured, and are a constant source of contamination. If
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these can be started under cheese cloth covers, such as are

now being so extensively used by tobacco growers in the

Connecticut valley, it would certainly be an advantage to

get such plants started before setting them out into perma-

nent beds ; and it would seem that the covering of cheese

cloth would be as effectual as the tree covering in keeping

off the dew, thus rendering them less susceptible to rust.

Some asparagus growers have already considered this method

of cultivation.

Experiments in spraying with the formula recommended

by the Geneva station w^ere tried during the past summer.

This spraying was not done so often or so thoroughly as it

could be done with the apparatus recommended for this work.

At the close of the season the results of the applications

were readily discernible, in the greener color and more

vigorous shoots of the treated plants. This method is a

costly one to apply, on account of its requiring a special

apparatus and a fungicide which is difficult to prepare ; thus

asparagus growers do not take to it at present.

Fully as favorable results in one instance were obtained

by the application of Paris green to a young bed. In this

instance a large bed was treated twice for beetles during

the summer. About Auo^ust 18 the uredo stao^e of the rust

commenced to show somewhat on the plants, and at this

time one-half of the bed was treated with Paris green early

in the morning, w^hen the plants were covered with dew.

This treatment seemed to arrest the outbreak of the rust to

quite a remarkable extent. This method of treating is a

very cheap one, as Paris green is not expensive, and the

ease with which it can be put on makes the application far

less expensive than by spraying with certain other fungi-

cides. These plants were evidentl}^ treated just in the right

time to be effective. From the results obtained, it would

be worth while to give this method of treatment further

trial. It is expected, however, that some experiments along

other lines than those heretofore conducted will be tried

next year, from which it is hoped that some results of im-

portance will be obtained.
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Sterilization of Soil in Greenhouses foe Fungous
Diseases.

This method of treating soil infected with disease-pro-

ducing organisms or germs has been frequently dealt with in

the publications of this division and elsewhere. AVe have

recommended this method for the extermination of such

fungous pests in the soil as cause the drop in lettuce and

other plants, the timber rot in cucumbers, the Rhizoctonia

and damping fungus (Pf/thhim De Barijanum) ^ and in part

the stem rot in carnations. It has also been recommended

for nematode worms, diseases caused by Heterodera^ which

aflect indoor cucumbers, tomatoes, roses, violets, cyclamens,

muskmelons and other greenhouse plants, and for the aphis

and red spider. It is also effective in the destruction of weed

seeds. One lettuce grower maintained that it paid to steril-

ize soil for this purpose alone. Heating of the soil greatly

accelerates the growth of plants, and when this method of

treatment is applied to lettuce houses affected with the drop

and Bliizoctonia^ it successfully eliminates these diseases,

which are all a skilful grower needs concern himself about.

This method of treatment has not been recommended for

such diseases as top-burn, mildew of lettuce, nor for the

damping fungus (^Botnjtis) in propagating pits, or for any

other fungi giving rise to diseases which are freely dissem-

inated by spores. Neither does this method, as ordinarily

applied, succeed in accomplishing absolute sterilization of

the soil. It is merely a sort of pasteurization. Cultures

of the soil heated to 212° F. for a short time would show

numerous bacteria, and myriads of others subsequently

come in from the air and through the water applied to the

soil.

The last year has seen quite remarkable strides made in

the practice of methods of ridding the soil of parasitic organ-

isms by means of heat. On account of the extensive use

of the sterilization method on a large scale by the most

efficient and practical gardeners, the process has been made

very nmch cheaper, and hastened to a large degree. At the

present time whole ranges of greenhouses owned by single
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individuals, representing in some eases some aeres, are now

sterilized, and the method has been employed out of doors

to some extent. Many of the houses treated are 300 or

more feet in length and from 40 to 50 feet wide. Some

market gardeners have practised sterilization of their houses

for three years
;
not, however, for the sole purpose of rid-

ding the soil of certain disease-producing organisms, as that

could be accomplished by one treatment when properly

done, but largely for the purpose of increasing their crops.

A great many experiments have been made by this division

during the last six years on various crops, in which the

growth of plants in sterilized soil was compared with the

growth of the same species of plants in precisely similar

earth not sterilized. The effect of sterilization is quite

marked in such experiments. W. W. Eawson, one of

our largest lettuce growers in the State, who has observed

the eflfect of sterilization on his own crops for two or three

years, declared that he would rather have one inch of ster-

ilized soil on his beds than any fertilizer which he had ever

tried. For the purpose of determining, on a larger scale

than we had heretofore shown, the effect heating the soil

had upon the acceleration of a crop of lettuce, we made the

following experiment in one of our houses :
—

Two beds of nearly equal size were chosen, one of which

was treated with hot water until the soil was soaked, and

which showed an average temperature of 145° F. at the

depth of 4 inches below the surface. The seed and prickers

were also planted in boxes of earth which had been heated

to 212° F. with steam. The other bed remained untreated,

and likewise the soil in which the seed and prickers were

started. Other than the hot water treatment given to the

previously described bed, no perceptible difference existed.

The number of plants in the treated bed was 308 ; the num-

ber in the untreated bed was 264. The results, however,

were very marked, as shown below :
—
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Table showing Difference in Lettuce Plants r/roicn in Sterilized

and Unsterilized Soil.

Plants in

Untreated Soil.

Plants in

Treated Soil.

Per Cent,
uf Gain.

Average weight of largest plants (grams), . 137.5 206.6 33

Average weight of typical plants (grams), 56.2 86.3 33

Excess of water in treated plants over that of
untreated.

2.2

The average weight of the largest plants represented that

taken from four specimens selected from each bed in corre-

sponding rows and close proximity. The four typical plants

from each bed were selected at random, and they happen

to show the same relative weight to each other as the largest

ones do. The weights were all taken when the crop was

four weeks along in the house and the treated ones were

nearly ready for marketing. The plants were selected and

weighed, and the amount of water determined in each lot,

by Mr. A. L. Dacy, a student of the present senior class,

who had charge of the house and who was quite familiar

with the crop. The per cent, gain by starting the seed in

sterilized soil and also transplanting the prickers in simi-

larly treated soil, then transplanting into soil treated with

hot water, was 33 per cent., which is a fair average increase

due to this method of treatment.

The writer has made comparisons of lettuce plants grown

in a rather poor quality of soil, one lot being sterilized and

the other treated with the best possible combination of

commercial fertilizers, with the result that the sterilized

plants compare most favorably with those treated with

fertilizers. This does not imply that sterilization will nec^

essarily dispense with the use of fertilizers in the lettuce

crop, if one wishes to apply them; as a matter of fact,

however, they are seldom employed. The lettuce plant

requires an exceedingly large amount of organic matter in

the soil, and for this reason a generous supply of well-

rotted horse manure is continually employed, for the double

purpose of supplying organic matter and plant food. Plants
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grown in sterilized soil are always lighter colored and more

tender, and it is not a diflScult task for an expert to pick

out such plants in the market. Neither is it difficult to as-

certain, from market specimens, to about what temperature

lettuce plants have been subjected. In this respect the dif-

ferences in plants are marked in a house where the soil has

been treated twice as long in one place as in another. A
gardener can readily pick out such places. It will be no-

ticed in the table that there is 2.2 per cent, more water in

the plants grown in the treated soil than in the untreated

soil, and also that there is a corresponding decrease in the

unburned residue which represents the organic matter, ash,

constituents, etc. From the color and texture of lettuce

grown in sterilized soil, this might be expected. The

differences as shown in the above figures only represent

one analysis.

The effect of sterilization on the soil is well illustrated in

the case of a market gardener who picked 31,060 No. 1

cucumbers from 300 plants. The plants of this crop were

carried through in treated soil from the beginning, i.e., the

seeds were sown in sterilized soil, and the various trans-

plantings were made under similar treatment. The crop

was grown after lettuce in the spring, when, it is true,

cucumber vines bear heavily. Nevertheless, this was a

phenomenal crop at any season of the year, and one which

I have never seen equalled. Some allowance must be made

in the size of this crop for the strain of cucumbers cultivated,

which was a carefully selected stock of heavy bearers.

Cucumber plants, nevertheless, respond quite remarkably to

the influence of treated soil.

A number of methods of treating soil with heat have been

employed by practical greenhouse men, and many experi-

ments on different methods have been made by this division

during the last few years. We have been able to observe

the efficiency and practical utility of these various methods,

and have reported on them at different times. The method

of treating the soil by steam to the distance of one foot or

more in depth has alwa3^s appeared to us as the best one to

be employed, and, since the cost of such treatment has been
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greatly reduced of late, there appears to be no longer any

reason why it can not be extensively used to eradicate dis-

eases in those cases where there seems to be urgent need.

The cost of treatment in badly infested houses proves an

excellent financial investment. For example, some houses

have had the drop in them to such an extent that 50 per

cent, of the plants would succumb, and in some rare cases

the Avhole crop has been lost. In a house containing 4,000

dozen plants at 50* cents per dozen the value of the crop

Avould be $2,000; or, at 25 cents per dozen, $1,000. A
loss of 50 per cent, would reduce the value of the crop to

$1,000 and $500 respectively. Such a loss is the more pro-

voking, inasmuch as the maximum amount of the drop

occurs just about the time when the plants are mature, and

all the labor bestowed on the crop in transplanting, the

care given to the same, amount of heat utilized and valuable

space which they have taken up, are all for nothing.

A house of this description was sterilized during the past

winter at a cost of $100, and in examining this crop, which

was one of the most perfect we have ever seen, there was

only one case of disease in the whole house. This one

diseased plant occurred near an iron post that supported the

house, and there was evidently a small portion of soil in

that spot which had not been sufficiently treated. The cost

of treating this small neglected area would, however, have

been very insignificant. When we observed the crop, it had

already been mature for nearly two weeks, and was being

held back for a better market, which gave an excellent op-

portunity for any further drop to develop, if the germs were

present. There appears to be no reason why, if a house is

once treated as thoroughly as this house was, another treat-

ment should be required for some years, providing care is

taken to prevent contamination from old refuse material

which contains the drop fungus. By allowing a few con-

taminated areas to exist in the soil, as a result of imperfect

treatment, it would probably be from three to five years

before the loss would reach that amount when it would be

* At the present time, December, 1901, a neighboring market gardener is disposing

of his lettuce at 65 cents per dozen.
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necessary to treat the soil again. It requires no argu-

ment to show that the expense of $100 for treatment of the

house that would be worth $2,000 at 50 cents per dozen,

or even $1,000 at 25 cents per dozen, is a good invest-

ment, even if the treatment has to be repeated each year.

On the basis of a five-year treatment, which is, in our own
estimation, all that is required, the gain is nearly five times

as great. The increased value to the soil resulting from

such treatment, and the possibility of having less weeds

and few^er aphis, should also be taken into consideration in

estimating the benefits derived from the use of this method.

The oldest, most conservative and intelligent lettuce growers

were enthusiastic over the results of this experiment.

Methods of Sterilizing. — The methods employed for

heating the soil have been by either hot water or *team,

with some variation in the mode of applying the latter.

Messrs. Hittenger Bros, of Belmont have made extensive

use of the hot-water method, and their later constructed

houses have special facilities for applying this in the most

»

economic manner. The hot-water method requires the treat-

ment of the soil previous to the putting in of each crop,

and only a few inches of the surface soil are sufficiently

heated by this practice to kill the mycelium of th€ drop

fungus.

The heating by steam is now done largely by the aid of

perforated pipe, and in some cases use is made of 2 inch

porous tile, though this method is not so applicable. If

finely perforated tiles could be obtained in the market at a

reasonable cost, their use would be much more valuable for

this purpose than at present. The various contrivances are

made out of perforated pipe, varying from 1 inch to 3 inches

in diameter, usually placed from 7 to 12 inches apart, and

made up into frames from 10 to 20 feet or more in length

and into any desired width. The size and number of the

perforations vary much in different appliances. When they

are rather large (1/4 inch in diameter) they are frequently

covered wdth burlap. In some appliances the perfomtions

are 14 irich in diameter and are only 1^2 inches apart each

way. In others the perforations may be only % inch in
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diameter and from 3 to 6 inches apart, with two or three

rows of such holes extending around the circumference of

the pipe. Some of these appliances are not made up into

h

t

: p

w

Figs. 1 and 2. — Showing types of sterilization apparatus : h, header; 71, nipple; ir, wooden
plug; i, Bteam inlet; ]>, pipes. Both appliances are 20 feet long and about 8 feet wide.

permanent frames, but arc in sections, easily put together

or taken apart, aiul so constructed that they can be readily

extended into any length or width desired. These frames are

provided Avith headers placed transversely, which are pipes

of larger diameter, containing "perforations, and nipples are
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inserted at intervals which readily fit into the extension

pipes (see Figs. 1 and 2). In some instances the headers

are placed at each end, thus fonning with the extension

pipes a frame composed of a series of rectangles (Fig. 2).

In this form a complete circulation of the steam can take

place. In others the headers are in the middle, and the

extension pipes lead off in opposite directions (Fig. 1).

In the latter case the ends of the extension pipe are plugged

with wood, and a complete circulation of steam does not

occur. The material most frequently used is iron pipe.

The form devised by Mr. Cartter is constructed out of

perforated galvanized-iron tubes, and is very light and easy

to handle.

The method generally adopted by lettuce groVers in heat-

ing their soils is to place the apparatus on the surface of

the bed. If the bed is 20 feet wide, then it will be most

convenient to have the heating appliance about 10 feet wide

and 20 to 30 feet long. This is placed midway between the

edges of the bed, and the soil to the depth of 1 foot is dug

out on either side of the appliance and thrown on top of it.

Fig. 3.— Plan of house, showing methods of sterilization : b, c, successive positions of the

apparatus.

This covers the heating apparatus to a depth of 1 foot. The

steam is now turned on and the soil heated. After sufficient

steaming has taken place, the pipes can be pulled out and

set up ready for the next treatment (see Fig. 3). The soil

previously treated should be covered up with some old

canvas, if available, or, in fact, with anything that will

retain the heat, and allowed to stand some hours, after

which the top portion is sho^'elled back to where it was

taken from. Not only is the 1 foot of top soil heated by
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this method, but the soil under which the apparatus rests is

equally well done, provided too much haste is not made in

removing the treated soil. In one case that was examined,

where the steam was left on for one and one-half hours late

in the afternoon, and the top coat of soil not disturbed until

the next morning, we obtained the following records of soil

temperatures at noon on the following day, or nineteen hours

after the steam was applied and five hours after the top soil

and apparatus had been removed : temperature of soil 2 feet

below the surface, 120° F.
;
temperature of soil 1 foot below

the surface, 175° F. Two masses of top soil Avere heated

in this instance during the one and one-half hours, the last

one being left on over night. The average pressure of

steam applied was only 13 pounds. It always astonishes

those who heat soil for the first time to find that steam can

penetrate such a distance below the surface in so brief a

period. In this particular case the steam was oozing out

of the soil 30 inches below the surface, no examination below

this depth being made. The most efficient appliances for

sterilization are those based upon our recommendations in

former publications. A 2 inch pipe is superior to a 1 inch,

1% inch or 1% inch pipe. A high pressure of steam is

more efiectual than a low pressure, and the larger the num-

ber of perforations in the pipe, the more widely and evenly

is the steam disseminated and the more quickly and cheaply

can the soil be heated. The area of a series of small holes

placed uniformly in a given length of pipe would undoubtedly

be more efiectual than the same area of larger holes in the

same length of pipe. In the latter case the holes would be

further apart, and allow larger volumes of steam to escape

;

in the former case they would be nearer together, and would

be capable of heating the soil more evenly and in our opinion

more efi'ectually. In our judgment, holes % inch in diam-

eter, when placed near together, would be sufficient for the

exit of steam, and the soil would be less likely to go through

them than through holes % iiich in diameter.

In proportion as the appliances have been improved for

sterilizing soils, the cost of the operation has been greatly

reduced. From reliable estimates which we have been able
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to obtain from practical lettuce growers and others who have

heated their soil, the cost, including coal, labor, etc., but not

the cost of the tile or apparatus used, is as follows :
—

In a house 225 feet long by 20 feet wide, one-third of

which was heated at a time by steam passing through 2 inch

tile placed 8 inches below the surface and 1 foot apart, and

forming a continuous circuit, the cost Avas at the rate of $16

per 1,000 cubic feet, where the pressure of steam used varied

from 30 to 80 pounds. This house had been previously steril-

ized by the same method, excepting that the tiles were placed

18 inches apart, instead of 1 foot, with less favoi-able results.

The heating was continued day and night, as this could be

easily done, on account of a night foreman being employed.

The estimated cost of removing the soil from a house to the

depth of 1 foot, which was actually done in a similar house

a few years ago, and placing in new soil without carting the

same, was at the rate of $37.50 per 1,000 cubic feet.

Another house, 40 feet wide by 300 feet long, was treated

by a lettuce grower with an average pressure of 30 pounds

of steam passed through 1 inch iron pipes, furnished with a

series of perforations 6 inches apart and %6 inches in diam-

eter. These pipes were made up into a frame, 7 inches dis-

tant from one another. The estimated cost of sterilizing

1,000 cubic feet of soil, based upon the treatment of the

whole house, was $8.33.

A lettuce grower who has a rano*e of houses each about

300 feet long by 36 feet wide has recently treated them all

by steam. A boiler house, situated at the most convenient

place on the establishment, was constructed, and a new forty

horse-power boiler was placed in it, to be used exclusively

for the purpose of sterilization. The sterilizing apparatus

consisted of a series of 3 inch T's, furnished with 2 inch

nipples, which was placed in the centre of the apparatus,

thus forming a header. From these nipples there extended

in each direction a series of perforated 2 inch iron pipes

which were 10 feet in length (see Fig. 2). This made the

apparatus when complete about 20 feet long and 8 feet wide.

The apparatus was placed on the surface of the soil, the ends

of the pipe stopped up Avith wooden plugs, and the earth
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from each side to the depth of 1 foot or more was placed

upon it. The cost of this appliance was about $20, though

Mr. C. R. Learned, who devised it, thinks that he could

make a duplicate of it for about $17. It took tliree days to

treat a house 300 feet long and 36 feet wide, and, from the

estimated cost of labor, fuel, etc., the treatment was made

at the rate of $5.92 per 1,000 cubic feet. This work was

done in the summer, when labor was probably more expen-

sive than it would be in winter. Mr. Learned informs me
that he expects better results the next time.

A sterilizing machine used by Mr. Cartter is made of 2

inch galvanized-iron tubing, of 20 ply, with %o or % i^^ch

holes, 1 inch apart each way. The headers are 2 to 3

feet long and 3 inches in diameter, and are made up of the

same material and perforated in like manner. Galvanized-

iron nipples are soldered on both sides of the headers, 8

inches apart. The ends of the 10-foot length pipes are

made to fit on to the nipples and also into one another, so

that any desired length or width of appliance can be ob-

tained (Fig. 1). This apparatus contains more perforations

to the linear foot than any we have seen, and for this reason,

and owing to the diameter of the tubing used, it is the most

efiectual as a heater. We observed one test with this appa-

ratus in which 400 cubic feet of soil were treated at the rate

of $2 per 1,000 cubic feet. This includes the cost of labor

at 10 cents per hour, which was required to place the ap-

paratus in position and cover it with soil read}^ for use,

and replace the same when heated ; also the amount of fuel

burned during the treatment, together with the amount of

coal it required to bring the same amount of water in the

boiler to the same degree of temperature, and the steam to

the same pressure as before the treatment was started.

Whether this rate of sterilization by the use of this appa-

ratus is actuallj" attained when applied on a large scale, we
have not learned.

When soil can be sterilized at $2 per 1,000 cubic feet, or

even at $5, there is no longer any question concerning the

pnictical application of this method to rid greenhouses of

some of its worst enemies, which interfere w4th the produc-
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tion of hciilthy and i)rofitabl(* crops. Even when the cum-

bersome tile method is employed, the cost of sterilization

is less than one-half the cost of removing the old soil from

a house and supplying it with new. So universal is this

method of treating greenhouses devoted to lettuce, cucum-

bers, and in some cases to those devoted to violets, carna-

tions, chrysanthemums and roses, that ^ve are unable to give

at the present time the number of acres which have been

and are being treated. The method, we are told, is to be

tried on onions next season grown out of doors. It has

already been utilized in the culture of out-door lettuce and

celery to a small extent, and tobacco growers are beginning

to use sterilized soil in which to start their seedlings. We
understand that it costs $65 to weed an onion bed of one

acre in extent. It remains to be seen whether the weeds

can be eliminated by the use of steam for a less price, to

make it an object to use it. Such a treatment would cer-

tainly be of great value in the control of smut.

It is not the object of this division to recommend this

method too enthusiastically or as a cure for all difficulties.

On the other hand, we are desirous of seeing the method

tried wherever there is reasonable possibility of its suc-

cess. In the mean time, we prefer to see the method devel-

oped as it is now being done, by practical men who have to

reckon with the question of dollars and cents, for, after all,

they are the ones who must render the final judgment on any

process of treatment. Our facilities have not been sufficient

to test this sterilization method on a large scale, neither are

we confronted with the economic conditions w^hich commer-

cial men have. For these reasons w^e have drawn quite

extensively on the results obtained by practical men,

who apply the method on a large basis, rather than on our

own experiments, in discussing this subject at this time.
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KEPOKT OF THE ENTOMOLOGISTS.

C. H. FERNALD, H. T. FERNALD.

The work of the entomological division of the experiment

station during the past year has followed the lines of pre-

vious reports. The amount of correspondence has been

much larger than ever before, being due in a great measure

to the appearance of the elm-leaf beetle in the eastern por-

tion of the State in such numbers as to do great damage,

and also as an indirect result of the appointment of tree

wardens. These officials in the course of their duties have

watched the trees and the insects upon them closely, and

have frequently communicated with the station concerning

their observations. Correspondence of this kind has in-

creased nearly ten per cent, over that of former years, which

is of itself a testimonial of the value and success of the tree

warden law.

The entire edition of a former publication of the station

upon the elm-leaf beetle having become exhausted, a new

bulletin on this insect was prepared and published during

the summer. This was the only paper from the entomolog-

ical division published by the station, but others were pre-

pared by the division and published during the year by the

secretary of the Board of Agriculture of Massachusetts. The

most important of these was a paper on Tliree common
orchard scales," with figures and half-tones, published in the

Crop Report for May, 1901, and which has been in much

demand.

The station was represented at the meeting of the Official

Horticultural Inspectors of the United States, held at Wash-

ington, Nov. 11-13, 1901. At this meeting much uniform-

ity of practice among the nursery inspectors of the different

States was established and many results of value obtained.
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Nursery inspection for Massachusetts is one of the duties

of the entomological division of the station, and requires a

total of two or three weeks' time each year. The results

of this work are of direct value to the nurserymen only, but

in an indirect way lead not only to a more careful watch of

the nurseries by their owners, but to the utilization of the

facilities of the experiment station as a place of inquiry and

reference on subjects connected with insects and plant dis-

ease, thus bringing the station into touch with an occupation

where its services are of great value.

IXSECTS OF THE YeAR.

The year has not been marked by the unusual abundance

of any particular insect, except, perhaps, the elm-leaf beetle

in the eastern part of the State. This insect has been injuri-

ously abundant in the Connecticut valley for a number of

years, but has failed to make its presence felt in the more

eastern cities and towns until recently. During the past

summer, however, it has made havoc with the foliage of the

elms in hundreds of places, and caused a large amount of

correspondence with this division, while much of what has

been published in the newspapers concerning this insect

consisted of remedies and methods of treatment which were

inefficient or utterly worthless.

The brown-tail moth has increased in abundance, and in

the area which it occupies, until it is probably present in

more than twelve hundred square miles in this State, and

has extended into Maine and New Hampshire. While in

some ways it is an easy insect to control, the assurance that

no concerted action will ever be taken by all those persons

on whose trees it is present renders it certain that it will

remain an important pest ; while the serious natiu-e of the

irritation caused by the spines of the caterpillars when they

touch man has already been a source of much discomfort in

the localities where it is most abundant.

The gypsy moth has reappeared at those points in the

State where the work of the gypsy moth committee was

unfinished when its functions were ended two years ago. It

is but a question of time when the area from which it had

then been exterminated will become reinfested. The entire
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responsibility for this unfortunate state of afi'airs rests upon

the Legislature, which discontinued the work of the com-

mission, thereby deliberately wasting all the money previ-

ously expended.

The birch Bucculatrix has been in evidence during the

past year, but, as was predicted in last year's report, has

been most abundant in the northern and eastern portions of

the State, where little had been seen of it before.

The San Jose scale has spread rapidly during the year,

and is now known to occur in fifty-two localities in Massa-

chusetts. It is not only present in nurseries and orchards,

but in several instances it is generally })resent over areas

of several miles. In one place— a residential suburb—
nearly every deciduous tree and shrub within an area of

five square miles is infested, and many of the plants are

already dead, while others are dying. During the summer

the scale was found generally distributed through the or-

chard of the Massachusetts Agricultural College, which

consists of over a thousand trees. The origin, distribution

and present conditions in this case have been carefully

studied, and a special report on the subject has been trans-

mitted to the trustees.
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REPORT OF THE METEOROLOGIST.

J. E. OSTRANDER.

The work of the meteorological division during the past

year has been confined ahnost entirely to the observation

of the various weather phenomena, the tabulation of the

data obtained and the computation of the daily and monthly

means of the several weather elements. The records of

each month are compared with the normals of the ten-year

period, 1889-99, and the more important departures from

mean conditions obtained.

At the beginning of each month a summary of the weather

of the preceding month has been prepared and published as a

four-page bulletin. On the inside pages are given a number

of the daily means, some of the more important maxima and

minima daily records, together with data of the winds and

amount of precipitation. On the outside pages a summary

of the various weather elements with the monthly means is

given, as well as general remarks on the weather for the

month. The usual annual summary will be prepared and

published with the December bulletin.

The local forecasts for the weather for the following day

have been furnished daily, except Sunday, by the New
England section of the United States Weather Bureau. In

accordance with these predictions, the proper weather flags

have been displayed from the flag staflT on the tower. At

the request of the section director, the weekly snow reports

are being sent to the Boston office this season, as heretofore.

Owing to the failure during the past few years to get

satisfactory results with our electrical apparatus for the

determination of soil moisture, these observations were dis-

continued this year. This work will be resumed whenever

more improved apparatus can be obtained.
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The monthly observations of the declination of the mag-

netic needle, begun last year, have been continued. The

results obtained the latter part of the year have not been

very satisfactory, probably due to local attraction caused

by the line of steam pipe to the drill hall. By changing

the true meridian to another location it is expected to

remedy this.

No new equipment has been added during the year, but a

three years' supply of charts for the Draper instruments has

recently been purchased.

At the opening of the college, in September, Mr. C. L.

Rice, the observer, retired from the division, and was suc-

ceeded by the assistant observer, Mr. H. L. Bodfish.
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REPOET OF THE CHEMIST.

DIVISION OF FERTILIZERS AND FERTILIZER

MATERIALS.

CHARLES A. GOESSMANN.

Assistants : henri d. haskins, samuel w. wiley, james e. halligan.

Part I.— Report on Official Inspection of Commercial Ferti-

lizers.

Part II. — Report on General Work in the Chemical Laboratory.

Part III.— Compilation of Analyses of Agricultural Chemicals,

Refuse Salts, Ashes, Lime Compounds, Refuse

Substances, Guanos, Phosphates and Animal Ex-

crements.

Part IV. — Compilation of Analyses of Fruits, Garden Crops

and Insecticides.

Part I. — Report Official Inspection of

Commercial Fertilizers and Agricultural
Chemicals during the Season of 1901.

CHARLES A. GOESSMANN.

The total number of manufacturers, importers and dealers

in commercial fertilizers and agricultural chemicals who have

secured licenses during the past season is 61 ; of these, 37

have offices for the general distribution of their goods in

Massachusetts, 8 in New York, 7 in Connecticut, 3 in Ver-

mont, 1 in Rhode Island, 2 in Canada, 1 in New Jersey and

1 in Maryland.

Two hundred and sixty-six brands of fertilizer, including

chemicals, have been licensed in the State during the year.
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Four hundred and forty-nine samples of fertilizers have

thus far been collected in the general markets by experienced

assistants in the station.

Three hundred and seventy-one samples were analyzed

at the close of November, 1901, representing 230 distinct

brands of fertilizer. These analyses were published in two

bulletins of the Hatch Experiment Station of the Massa-

chusetts Agricultural College: No. 75, July; and No. 77,

November, 1901.

As in previous years, the samples of licensed fertilizers

which have not been already analyzed, together Avith other

samples that may be collected, will be analyzed for publica-

tion in our March bulletin, 1902. (This includes several

samples forwarded by manufacturers at the inspector's re-

quest, which wxre not found in the general markets by our

collectors. All such samples are certified by the manu-

facturers as being an impartial representative of the brands

in question.)

For the readers' benefit, the following abstract of the

results of our analysis is here inserted :
—

1900. 1901.

(a) Where three essential elements of plant food were guaranteed :
—

Number with three elements equal to or above the highest guarantee, 15 7

16

Number with one element above the highest guarantee, .... 85 51

Number with three elements between the lowest and highest guarantee, . 118 142

Number with two elements between the lowest and highest guarantee. 92 91

Number with one element between the lowest and highest guarantee, 43 39

Number with three elements below the lowest guarantee, .... 1

Number with two elements below the lowest guarantee, .... 11 8

Number with one element below the lowest guarantee, .... 50 86

(6) Where two essential elements of plant food were guaranteed :
—

Number with two elements above the highest guarantee. 5 7

20 12

Number with two elements between the lowest and highest guarantee, . 19 24

Number with one element between the lowest and highest guarantee, 6 14

Number with two elements below the lowest guarantee, .... 2

Number with one element below the lowest guarantee 20 14

(c) Where one essential element of plant food was guaranteed :
—

15 7

9 18

10 9
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A comparison of the above-stated results of our inspection

with the results of the previous year shows that the manu-

facturer's standard or guarantee has been as well maintained

as in the past ; and in nearly all cases where a discrepancy

has occurred between the results of analysis and the manu-

facturer's guarantee, the commercial value of the article has

not suffered, the low percentage of one element of plant

food having been balanced by a correspondingly high per-

centage of some one of the other ingredients.

The fertilizer bulletins become of the utmost value when

considered from the stand-point of a source of intelligence

to the farmer to select his fertilizer for the next year's con-

sumption.

In deciding what brands of commercial fertilizer to pur-

chase for general use, select the one that will furnish the

greatest amount of nitrogen, potash and phosphoric acid, in

a suitable and available form, for the same money.

Trade Values of Fertilizing Ingredients in Raw Materials and

Chemicals^ 1900 and 1901 (Cents j^er Found).

1900. 1901.

Nitrogen in ammonia salts 17.00 16.50

Organic nitrogen in dry and fine-ground fish, meat, blood and in high-
grade mixed fertilizers.

Organic nitrogen in fine bone and tankage,

15.50

15.50

16.00

16.00

Organic nitrogen in medium bone and tankage, 11.00 12.00

Phosphoric acid soluble in water 4.50 5.00

Phosphoric acid soluble in ammonium citrate, 4.00 4.50

Phosphoric acid in fine-ground fish, bone and tankage, .... 4.00 4.00

Phosphoric acid in cotton-seed meal, castor pomace and wood ashes, 4.00 4.00

Phosphoric acid in coarse fish, bone and tankage, 3.00 3.00

Phosphoric acid insoluble (in water and in ammonium citrate) in mixed
fertilizers.

2.00 2.00

A comparison of the above trade values for 1900 and 1901

shows a somewhat higher cost of organic nitrogen and ni-

trogen in form of nitrates, and a corresponding decrease in

the cost of ammonia salts. Phosphoric acid soluble in water
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was given a half cent higher valuation than in the previous

year.

The above trade values are, as in years past, based on the

market cost, during the six months preceding March, 1901,

of standard raw materials which enter largely into the manu-

facture of commercial fertilizers found in our markets. The

following is a partial list of such materials :
—

Sulfate of amraonia.

Azotine.

Cotton-seed meal.

Linseed meal.

Bone and tankage.

Nitrate of soda.

Dried blood.

Castor pomace.

Dry ground fish.

Dry ground meat.

Dissolved bones.

Acid phosphate.

Refuse bone-black.

Ground phosphate rock.

High-grade sulfate of potash.

Sulfate of potash and magnesia.

Muriate of potash.

Kainit.

Sylvinite.

Crude saltpetre.

In order to use the table of trade values in calculating

the approximate value of a fertilizer, calculate the value of

each of the three essential elements of plant food— nitro-

gen, phosphoric acid and potassium oxide (including the

different forms of each wherever different forms are recog-

nized in the table) — in one hundred pounds of the ferti-

lizer, and multiply each product by twenty, to raise it to a

ton basis. The sum of these values will give the total

value of the fertilizer per ton at the principal places of dis-

tribution. An example will suffice to show how this calcu-

lation is made :
—

Analysis of Fertilizer (Per Cent., or Pounds in One Hundred

Pounds of Fertilizer) .

Nitrogen, 4

Soluble phosphoric acid, 8

Reverted phosphoric acid, 4

Insoluble i)hosphoric acid, 2

Potassium oxide (as sulfate), 10
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Value
per Hundred

Pounds.

ValtiG per Tod
(Two Thou-

B&Dd Pounds)

$0 64X20 =f12 80

Eight pounds soluble phosphoric acid, at 5 cents, 40X20 = 8 00

Four pounds reverted phosphoric acid, at 4.5 cents, . 18X20 = 3 60

Two pounds insoluble phosphoric acid, at 2 cents, . 04X20 = 80

Ten pounds potassium oxide, at 5 cents, .... 50X20 = 10 00

$35 20

Table A gives the average analysis of officially collected

fertilizers for 1901. Table B gives a compilation of analyses

of commercial fertilizers for the year 1901, showing the

maximum, minimum and average percentages of the differ-

ent essential elements of plant food found in special crop

fertilizers, so called.
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From the great variations in the results of analyses of

the above special crop fertilizers (see Table B) it will be

readily observed that it will be unsafe to be guided by

trade names wholly when selecting fertilizers for the grow-

ing of special crops.

Local conditions as to the character of the soil and sub-

soil, the previous management of the soil and the system

of crop rotation employed should all enter into considera-

tion when selecting a fertilizer. A study of the soil should

be made, to find in what direction the plant food has be-

come depleted ; and when these facts have become estab-

lished, then supply the wants of the soil in the most suitable

and economical manner. AVhen the character of a soil is

not known and its wants are not manifested, it is advisable

to use a fertilizer more nearly corresponding to what a

chemical analysis of the crop shows is required for its

proper development.

An example is here inserted for the purpose of illustrat-

ing how the chemical composition of a crop may serve as a

guide in the compounding of a commercial fertilizer, also

to serve as an object lesson of how to intelligently use the

compilation of analyses which is a part of the annual report

of the chemical department for this year. AVe will take

the average composition of cranberries, as this appears first

in our table of compilation of fruits, etc. :
—

Average Ayialysis of Cranberries.
Parts per Thousand.

Phosphoric acid, 30

Potassium oxide, 1.00

Nitrogen, 80

The relative proportion of i)hosphoric acid, potassium

oxide and nitrogen present, according to this analysis, is :
—

Phosphoric acid, 1.00

Potassium oxide, 3.33

Mtrogen, 2.66

In other words, for every pound of phosphoric acid re-

moved from the soil by a crop of cranberries, there are 3.33

pounds of potassium oxide and 2.66 pounds of nitrogen re-
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moved. A fertilizer supplying the essential elements of

plant food in this proportion would, therefore, under the

above-stated conditions, be more suitable to use.

List of Manufacturers and Dealers ivho have secured Certificates

for the Sale of Commercial Fertilizers in the State during

the Past Year {May i, 1901, to May i, 1902), and the

Brands licensed by Each.

The American Agricultural Chemical

Co., Boston, Mass. :
—

Nitrate of Soda.

Muriate of Potash.

High-grade Sulfate of Potash.

Double Manure Salt.

Dry Ground Fish.

Fine-ground Bone.

Dissolved Bone-black.

Plain Superphosphate.

Dry Blood.

The American Agricultural Chemical

Co. (Bradley Fertilizer Co., branch),

Boston, Mass. :
—

Bradley's X. L. Superphosphate.

Bradley's Potato Manure.

Bradley's Potato Fertilizer.

Bradley's Complete Manure for Po-

tatoes and Vegetables.

Bradley's Corn Phosphate.

Bradley's Eclipse Phosphate.

Bradley's Niagara Phosphate.

Bradley's English Lawn Fertilizer.

Bradley's Complete Manure with

Ten Per Cent. Potash.

Bradley's Complete Manure for

Corn and Grain.

Bradley's Complete Manure for

Top-dressing.

Bradley's Grass and Lawn Top-

dressing.

Breck's Lawn and Garden Dressing.

Brightman's Fish and Potash.

Church's Fish and Potash.

Grass and Grain.

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 Potato Manure.

Clark's Cove Potato Fertilizer.

Clark's Cove Great Planet Manure.

Clark's Cove King Philip Guano.

Clark's Cove Grass Fertilizer-

The American Agricultural Chemical

Co. (Crocker Fertilizer and Chemical

Co., branch), Buffalo, N. Y. :
—

Crocker's Potato, Hop and Tobacco

Phosphate.

Crocker's Corn Phosphate.

Crocker's New Rival Phosphate.

Crocker's General Crop Phosphate.

Crocker's A. A. Complete Manure.

The American Agricultural Chemical

Co. (Cumberland Bone Phosphate

Co., branch), Boston, Mass. :
—

Cumberland Superphosphate.

Cumberland Potato Fertilizer.

The American Agricultural Chemical

Co. (L. B. Darling Fertilizer Co.,

branch), Pawtucket, R. I. :
—

Blood, Bone and Potash.

Potato and Root Crop Manure.

Complete Ten Per Cent. Manure.

Potato Manure.

Farm Favorite.

Animal Fertilizer.

The American Agricultural Chemical

Co. (East India Chemical Works,

branch). New York, N. Y. :
—

East India Chemical Works' Com-
plete Potato Manure.

East India Chemical Works' A. A.

Phosphate.

The American Agricultural Chemical

Co. (Great Eastern Fertilizer Co.,

branch), Rutland, Vt. :
—

Northern Corn Special.

Grass and Oats Fertilizer.

General Fertilizer.

Garden Special.

The American Agricultural Chemical

Co. (Pacific Guano Co., branch), Bos-

ton, Mass. :
—

Pacific High-grade General.

Pacific Soluble Pacific Guano.

Pacific Potato Special.

Pacific Nobsque Guano.
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The American Agricultnral Chemical

Co. (Packers' Union Fertilizer Co.,

branch), Rutland, Vt. :
—

Animal Corn Fertilizer.

Potato Manure.

Universal Fertilizer.

Wheat, Oats and Clover Fertilizer.

The American Agricultural Chemical

Co. (Quinnipiac Co., branch), Boston,

Mass. :
—

Quinnipiac Phosphate.

Quinnipiac Potato Manure.

Quinnipiac Corn Manure.

Quinnipiac Market-garden Manure.

Quinnipiac Grass Fertilizer.

Quinnipiac Havanna Tobacco Fer-

tilizer.

Quinnipiac Climax Phosphate.

Quinnipiac Potato Phosphate.

Quinnipiac Special with Ten Per

Cent. Potash.

The American Agricultural Chemical Co.

(Read Fertilizer Co., branch), New
York,N. Y. :

—
Read's Farmers' Friend.

Read's Practical Potato Special.

Read's Bone, Fish and Potash.

Read's Vegetable and Vine.

Read's High-grade Farmers' Friend.

Read's Standard.

The American Agricultural Chemical

Co. (Standard Fertilizer Co., branch),

Boston, Mass. :
—

Standard Fertilizer.

Standard Guano.

Standard Complete Manure.

Standard Special for Potatoes.

The American Agricultural Chemical

Co. (Henry F. Tucker, branch), Bos-

ton, Mass. :
—

Tucker's Original Bay State Bone
Superphosphate.

Tucker's Potato Fertilizer.

Tucker's Imperial Bone Superphos-

phate.

The American Agricultural Chemical

Co. (Williams & Clark Fertilizer Co.,

branch), Boston, Mass.:—
Williams & Clark's High-grade

Special.

Williams & Clark's Americus Phos-

phate.

The American Agricultural Chemical

Co.— Con,

Williams & Clark's Potato Phos-

phate.

Williams & Clark's Corn Phosphate.

Williams & Clark's Potato Manure.

Williams & Clark's Royal Bone

Phosphate.

Williams & Clark's Prolific Crop

Producer.

The American Agricultural Chemical

Co. (M. E. Wheeler & Co., branch),

Rutland, Vt. :
—

Corn Fertilizer.

Potato Manure.

Superior Truck Fertilizer.

Bermuda Onion Grower.

Grass and Oats Fertilizer.

Wm. H. Abbott, Holyoke, Mass. :
—

Animal Fertilizer.

Eagle Brand.

Tobacco Fertilizer.

American Cotton Oil Co., New York,

N. Y.:—
Cotton-seed Meal.

Cotton-seed Hull Ashes.

Armour Fertilizer Works, Baltimore,

Md.:—
Blood, Bone and Potash.

Ammoniated Bone with Potash.

Grain Grower.

All Soluble.

High-grade Potato.

Bone Meal.

H. J. Baker & Bro., New York, N. Y. :
—

Castor Pomace.

C. A. Bartlett, Worcester, Mass. :
—

Fine-ground Bone.

Bartlett & Holmes, Springfield, Mass. :
—

Animal Fertilizer.

Pure Ground Bone.

Tankage.

Berkshire Fertilizer Company, Bridge-

port, Conn. :
—

Berkshire Complete Fertilizer.

Berkshire Ammoniated Bone Phos-

phate.

Berkshire Potato Phosphate.

Joseph Breck & Sons, Boston, Mass. :
—

Breck's Market Garden Manure.
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Bowker Fertilizer Co., Boston, Mass. :
—

Stockbridge Special Manures

Bowker's Hill and Drill Phosphate.

Bowker'3 Farm and Garden Phos-

phate.

Bowker's Lawn and Garden Dress-

ing.

Bowker's Potato and Vegetable Fer-

tilizer.

Bowker's Fish and Potash, " Square

Brand."

Bowker's Potato Phosphate.

Bowker's Sure Crop Phosphate.

Bowker's Market-garden Manure.

Bowker's High-grade Fertilizer.

Bowker's Bone and "Wood Ash Fer-

tilizer.

Bowker's Tobacco Starter.

Bowker's Potash or Staple Phos-

phate.

Bowker's Ammoniated Dissolved

Bone.

Bowker's Superphosphate.

Bowker's Ground Bone.

Gloucester Fish and Potash.

Dissolved Bone-black.

Nitrate of Soda.

Muriate of Potash.

Sulfate of Potash-magnesia.

Sulfate of Potash.

Dried Blood.

Tankage.

Wood Ashes.

Butchers' Rendering Co., Fall River,

Mass.:—
Tankage.

E. Frank Coe Co., New York, N. Y. :
—

E. Frank Coe's High-grade Ammo-
niated Bone Superphosphate.

E. Frank Coe's Gold Brand Excel-

sior Guano.

E. Frank Coe's Tobacco and Onion

Fertilizer.

E. Frank Coe's Bay State Phos-

phate /\
E. Frank Coe's Fish and

Potash. \/
American Farmers'. Market-garden

Special.

American Farmers' Complete Po-

tato.

American Farmers' Corn King.

Farmers' Grass and Grain Fertilizer.

Nitrate of Soda.

John C. Dow & Co., Boston, Mass. :
—

Dow's Ground Bone.

Eastern Chemical Co., Boston, Mass. :
—

Imperial Liquid Plant Food.

Imperial Liquid Grass Fertilizer.

Wm. E. Fvfe & Co., Clinton, Mass. :
—

Canada Unleached Hard-wood
Ashes.

Thomas Hersom & Co., New Bedford,

Mass. :
—

Meat and Bone.

Ground Bone.

F. E. Hancock, Walkerton, Ontario,

Can. :
—

Pure Canada Unleached Hard-wood
Ashes.

C. W. Hastings, Cambridgeport,

Mass. :
—

Ferti Flora.

John Joynt, Lucknow, Can. :
—

Canada Hard-wood Ashes.

Thomas Kirley & Co.'s Fertilizer Works,

South Hadley Falls, Mass. :
-

Pride of the Valley.

Lister's Agricultural Chemical Works,

Newark, N. J. :
—

Lister's Success Fertilizer.

Lister's Special Corn and Potato

Fertilizer.

Lister's High-grade Special for

Spring Crops.

Lister's Animal Bone and Potash.

Lowe Bros. & Co., Fitchburg, Mass. :
—

Tankage.

Lowell Fertilizer Co., Boston, Mass. :
—

Swift's Lowell Bone Fertilizer.

Swift's Lowell Potato Phosphate.

Swift's Lowell Market Garden.

Swift's Lowell Tobacco Manure.

S^^ift's Lowell Potato Manure.

Swift's Lowell Animal Brand.

Swift's Lowell Fruit and Vine.

Swift's Lowell Dissolved Bone and

Potash.

Swift's Lowell Ground Bone.

Nitrate of Soda.

Muriate of Potash.

Sulfate of Potash.

Acid Phosphate.

Tankage.
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Mapes Formula and Peruvian Guano
Co., New York, N. Y.:—
The Mapes' Bone Manures.

The Mapes' Superphosphates.

The Mapes' Special Crop Manures.

Tobacco Ash Constituents.

Tobacco Manure, Wrapper Brand.

Complete Manure with Ten Per

Cent. Potash.

Economical Potato Manure.

Fruit and Vine Manure.

Dissolved Bone-black.

Nitrate of Soda.

Sulfate of Potash.

McQuade Bros., West Au])urn, Mass. :
—

Ground Bone.

Mitchell Fertilizer Co., Tremley,N. J. :'—

Mitchell's Special Fertilizer.

Geo. L. Monroe, Oswego, N. Y. :
—

Pure Canada Unleached Hard-wood
Ashes.

National Fertilizer Co., Bridgeport,

Conn. :
—

Chittenden's Complete Fertilizer.

Chittenden's Market Garden.

Chittenden's Potato Phosphate.

Chittenden's Fish and Potash.

Chittenden's Ammoniated Bone.

Chittenden's Universal Phosphate.

New Bedford Product Co., New Bedford,

Mass. :
—

Complete Fertilizer.

New England Fertilizer Co., Boston,

Mass. :
—

Corn Fertilizer.

Potato Fertilizer.

High-grade Truck Fertilizer.

Olds & Whipple, Hartford, Conn. :
—

Complete Tobacco Fertilizer.

Parmenter & Polsey Fertilizer Co., Pea-

body, Mass. :
—

Plymouth Hock Brand.

Special Potato.

Star Brand.

P. & P. Potato.

A. A. Brand.

Parmenter & Polsey Fertilizer Co.— Con.

Pure Ground Bone.

Nitrate of Soda.

Muriate of Potash.

Benjamin Randall, Boston, Mass. :—
Market Garden.

Farm and Field.

Rogers & Hubbard Co., Middletown,

Conn. :
—

Hubbard's Pure Raw Knuckle Bone
Flour.

Hubbard's Strictly Pure Fine Bone.

Hubbard's Oats and Top-dressing.

Hubbard's Soluble Potato Manure.

Hubbard's Corn and General Crops.

Hubbard'^ Soluble Tobacco Ma-
nure.

Hubbard's Grass and Grain Ferti-

lizer.

Hubbard's All Soils and All Crops

Fertilizer.

Hubbard's Potato Phosphate.

Hubbard's Corn Phosphate.

Rogers Manufacturing Co., Rockfall,

Conn. :
—

All Around Fertilizer.

Complete Potato and Vegetable.

Complete Corn and Onion.

Complete Fish and Potash.

High-grade Grass and Grain.

High-grade Tobacco and Potato.

High-grade Oats and Top-dressing.

High-grade Tobacco.

Fine-ground Bone.

N. Roy & Son, South Attleborough,

Mass. :
—

Animal Fertilizer No 1.

Animal Fertilizer No. 2.

Russia Cement Co., Gloucester, Mass. :
—

Essex Dry Ground Fish.

Essex Complete Manure for Pota-

toes, Roots and Vegetables.

Essex Complete Manure for Corn,

Grain and Grass.

Essex Market-garden and Potato

Manure.

Essex A. L. Superphosphate.

Essex X.X.X. Fish and Potash.

Essex Odorless Lawn Dressing.

Essex Special Tobacco Manure.

Essex Tobacco Starter.

Essex Corn Fertilizer.
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Sanderson Fertilizer and Cliemical Co.,

New Haven, Conn. :
—

Sanderson's Old Reliable.

Sanderson's Special Stra\vl)erry.

Sanderson's Formula A.

Sanderson's Formula B.

Thomas L, Stetson, Randolph, Mass. :
—

Ground Bone.

James P. Trainor, Jamesville, Mass. :
—

Ground Bone.

A. L. Warren, Northborough, Mass. :
—

Fine-ground Bone.

Darius Whithed, Lowell, Mass, :
—

Champion Animal Fertilizer.

Flour of Bone.

E. J. Whitman, Dracut, Mass. :
—

Whitman's Potato Fertilizer, *• Plow-

man's."

Whitman's Corn Fertilizer, "Suc-

cess."

Whitman's Pure Ground Bone.

Whitman's Pure Ground Meat.

Wilcox Fertilizer Works, Mystic,

Conn. :
—

Potato, Onion and Tobacco Manure.
Complete Bone Superphosphate.

Potato Manure.

Fish and Potash.

Nitrate of Soda.

Muriate of Potash.

Sanford Winter, Brockton, Mass. : —
Pure Fine-ground Bone.

J. M. Woodard & Bro., Greenfield,

Mass. :
—

Tankage.
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Pakt II. — Report ox General Work in the

Chemical Laboratory.

CHARLES A. GOESSMANN.

1. Analysis of materials sent on for examination.

2. Notes on wood ashes.

1. Analysis of Materials sent on for Examination.

During the season of 1901, 217 samples of fertilizing

materials of various description have been received from

farmers within our State. The results of our examination

of these substances have been published in tlu-ee bulletins :

No. 74, March ; No. 75, Jul}^ ; and No. 77, November, 1901,

of the Hatch Experiment Station of the Massachusetts Agri-

cultural College.

Next in importance to the analysis of licensed commercial

fertilizers for inspection purposes is the examination of waste

and bj^-products from diflerent manufacturing industries. It

has been the aim of the chemical division to encourage the

use of different refuse and bj^-products for manurial purposes

wherever the chemical analysis of such material proves them

to be of sufficient value to merit their use.

The value of our work in this direction may be seen from

year to year by the increased number of all kinds of waste

products that are being forwarded to this depai'tment for

investigation. The increased consumption of this class of

materials for manurial purposes cannot but exert an import-

ant influence in favor of the agriculturalist on the consump-

tion of commercial fertilizers. The examination of general

fertilizing material is carried on free of charge to the farmers

ill the State, the material being taken up for analysis in the

order of arrival of samples at this office.
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Following is a list of materials received during the past

season, which shows the great variety of substances which

are used and valued for manurial purposes, as well as the

great variety of work necessarily employed to keep in

close touch with the critical examination of this class of

materials :
—

Wood ashes, . 72

Complete fertilizers, . 27

Cotton-seed meal, . . 17

Soils, .... . 15

Muriate of potash, . . 8

Onions, . 8

Muck, .... 7

Nitrate of soda, 6

Tankage,.... 4

Cotton-hull ashes, 4

Ground bone, . . 3

Dissolved bone-black, . 3

Blood, bone and meat, 2

Ground fish, . . 2

Concentrated phosphate. 2

Mud, .... . 2

Hen manure, . . 2

Barnyard manure, . . 2

Wool waste, . 2

Raw bone meal,

Steamed bone meal.

Condensed bone steam, .

Fresh-cut bone.

Burned bone, .

Fleshings, . .

Sulfate of ammonia, . . 1

Acid phosphate, ... 1

Tennessee phosphate, . . 1

Superphosphate, . . . 1

Plain superphosphate, 1

Marl, 1

Sewage, 1

Lime-kiln ashes, . . . 1

Carbonate of lime, ... 1

Waste from gas house, . . 1

Pulverized sheep manure, . 1

Hair waste, .... 1

Jadoo fibre, .... 1

Tobacco stems, . . . 1

Tobacco dust, .... 1

Walnut ashes,.... 1

I Pine-wood ashes, ... 1

' Ashes from soft coal and saw-

dust, 1

Linseed meal, . . . . 1

Sal-ammoniac, . . . 1

Salt, 1

Asparagus tops, . . . 1

Milk casein, . . . . 1

Under the division of general w^ork in the chemical lab-

oratory may also be classed investigations along various

lines which are constantly being carried on, such as : a study

of the physical and chemical conditions of soil, and their

relation to the solubility of different substances applied for

fertilizing purposes
;

investigations of the availability of

the different elements of plant food in the soil ; new and

improved methods for the ash analysis of plants ; critical

examination of methods of analysis of insecticides and

fungicides found in our market ; ammonia absorption tests,

to determine the most efficient chemical to be used as a fixer
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or absorber of ammonia in manure eompo.sting
;
investigation

work for the Association of Official Agricultural Chemists,

for the establishment of new and improved methods of

analyses of agricultural products, etc. The results of the

above-stated investigations Avill be published later, as in

the past, whenever the results prove of general interest to

the public.

2. N0TE6 ON Wood Asiies.

During the season of 1901, 33.1 per cent, of the materials

forwarded for analysis consisted of wood ashes, as against

30.8 per cent, the previous year.

The following table shows the general chemical character

of wood ashes that have been forwarded for investigation

during the season of 1901 :
—

Analysis of Wood Ashes.

CONSTITUBNTS.
Number of Samples.

1900. 1901.

1 2

25 28

32 31

13 7

1

1 4

6 5

12 17

25 24

14 10

7 7

7 1

6 5

62 61

4 2

Average per cent, of calcium oxide (lime), 32.61 33.20

Per cent, of mineral matter insoluble in diluted liydrochloric

acid :
—

15 22

35 24

12 17

11 4
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From a comparison of the above-stated results of analyses

of wood ashes with the results of the previous year, it will

be seen tliat the average standard of composition is somewhat

higher than in 1900.

To assist our farmers in selecting the best quality of wood

ashes which the market affords, it is imperative that those

sending samples for analysis should give us all the general

information they possess in regard to the source from which

the ashes were obtained, etc. With this idea in view, we
caused to be published in our March bulletin, Xo. 74, a copy

of a blank application for free analysis of fertilizing materials,

which will hereafter be sent from this office to every applicant

for an analysis free of charge. AVe believe the result of this

course will be to impart a more general and intelligent

interest in this department of work at the institution, and

it will surely make known the names of the licensed as well

as the unlicensed dealers in our State. AVe take this occa-

sion to urge the farmers to patronize the dealers who are on

record at our institution, as having complied with our State

laws for the regulation of the trade in commercial fertilizers,

which includes wood ashes, which are sold in our State for

manurial purposes, rather than those who have failed to

secure such a license.

In deciding the commercial value of wood ashes, it is well

to consider the large quantity of calcium oxide (lime) that

is present in a most superior form.
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Part IH.— Compilation of Analyses of Agricultural

Chemicals, Refuse Salts, Ashes, Lime Compounds,

Refuse Substances, Guanos, Phosphates and Animal

Excrements.

II. D. HA SKINS.

1. Chemicals, refuse salts, etc.

2. Ashes, marls, lime compounds, etc.

3. Refuse substances.

4. Guanos, phosphates, etc.

5. Animal excrements, etc.

G. Average per cents, of the different ingredients found in the

preceding compilation of analyses, calculated to pounds per

ton of 2,000 pounds.

1868 to 1901.

This compilation does not include the analyses made of

licensed fertilizers. They are to be found in the reports

of the State Inspector of Fertilizers from 1873 to 1895, con-

tained in the reports of the secretary of the Massachusetts

State Board of Agriculture for these years, and in the bulle-

tins of the department of chemistry of the Hatch Experi-

ment Station of the Massachusetts Agricultural College

since March, 1895.

No valuation is stated in this compilation, as the basis of

valuation changes from year to year.

In the following compilation of agricultural chemicals,

refuse materials, manurial substances, etc., the signification

of the star (*) prefixed to the name of the substance is

that the compilation is made up of analyses subsequent to

the year 1897. It was believed that a compilation made up

of more recent analyses would more nearly represent the

present general chemical character of the substances, and

would therefore be of more practical value.
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It must be understood that the chemical character of many
of the refuse substances used for manurial purposes is con-

stantly undergoing changes, due to frequent variations in

the parent industry.

As a rule, in all succeeding analyses the essential con-

stituents are determined and stated ; blanks do not imply

the absence of the non-essentials.
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•ppv apnqding
-

.56
20.26 31.94 47.77 13.43 12.46 60.00 46.72 44.26

•eap{xo aiajoi
rqy puB oijja^ 1 1 1 1 1 1 1 1 1 r 1 1 1 1 1

•aptxo
19.52 13.19

6.37 8.79
.55

1.60

•(ainn)
-

2.87
12.46

2.67

•apixQ tnntpog
-

7.66
18.97

5.27 6.69
36.60 29.56

4.46 6.26

•piDy ouoqd
"Soqj d|qn|09iij

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

•ppY ouoqd
-Boqj pajaaAaa

37.50

•ppv ouoqd
-Boq'j aiqniog 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

go •aSBjaAy
- 37.60 43.86

1 1 1 1 1 1 t 1 • 1 1 1 1 1 t

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Potash.

•88BJ9Ay
18.48 13.68 12.74

8.42
49.91 45.27

.87
32.56

7.36
49.61 24.91

•24.56

- 10.90 45.40 44.76 46.70 19.56 21.48

'nitiuiixBj^
- 13.65 54.80 45.62 63.15 31.45 27.62

Nitrogen.

•aSBjaAy
- - 12.71 16.50

2.29
10.37

.96
20.65

•tnnraiaij^
11.60 14.14 19.44 -

*ninin^xB|i|
- 14.58 16.42 21.44

•qev 1 1 1 1 1 1 1 1 ) 1 1 1 1 1 1

•9Jtnexoj^
26.88

1.85 4.82 1.41 1.30 1.36 6.03 3.76 6.05
39.23

1.10 4.83 2.07

•easXpsay ,-lrH»Ot-IO-^l<rj<(MrHlHl-(«geCe*

Fertilizer

Matlrials.

Carbonate

of

potash,

....

*Kainit

*

Muriate

of

potash

Phosphate

of

ammonia,

....

*

Potasli

refuse

from

manufacture

of

cyanide

of

potash.

Sulfate

of

ammonia,

.

.

.

.

Sulfate

of

potash,

*

Sulfate

of

potash-magnesia,

.
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'19%
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•ppv oiJnqding
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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""^
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.62
2.13
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.66 .74 .07 .32 .32 .31
16.85

7.09 5.08

.17
1.30 6.70

.35 .22
4.68 2.94

•ranuijxBjj
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Potash.

•98«jeAY 1.21
.46 .28 ..59 .13 .26 .91

•ranamqH ^ ^...^
•ranm^xBH 1.40

.43
1.61

»
o
o
PS

•93BJ9AV 1.20
.78

9.84 9.97
14.47

8.56 1.44
.95 .99 .41 .83

5.26 7.66 3.00 6.97 4.97

.91
8.10 7.44

.84 .70
4.22 2.43

•ranraixBj^ 1.60
13.55 10.48

1.97
.96

7.41 7.60

•qeV - 50.93
6.37 8.40 7.50

15.60 33.53 43.14 20.59 15.50

•9jn?8iopi 6.45
32.68

9.01
14.80 10.80

9.07
42.15 21.46 18.99

4.01
35.39 29.24

6.9.!
24.98 30.19 46.46

•899^X«av

FiBTn-izKR

Materials.

*

Cotton

waste,

dry,

Cotton

dust,

*

Dried

blood,

Dried

soup

from

meat

and

bone,

.

Dried

soup

from

rendering

cattle

feet,

*

Deposit

from

Charles

River,

.

*

Dredgings

from

Cape

Cod,

.

*

Deposit

from

pond,

*

Fleshings

Fish

with

20

to

40

per

cent,

water,

Fish

with

more

than

40

per

cent,

water.
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4.11 1.76 1.91
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4.20 1.31
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Soap-grease

refuse,

Soup

from

horse

rendering,

.

*

Spent

brewers'

grain

Starch

waste

from

rubber

factory,

Sludge

from

sewage

precipitating

tanks.

Salt

mud,

Tobacco

leaves,

Tobacco

stalks

exposed

to

the

action

of

weather.

*Undried

tankage,

*

Wool

waste

Wool

washings,

water
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Fertilizer

Materials.

Wool

washings,

acid

Wool

washings,

alkaline,

.

Whale

meat,

raw

Waste

from

lactate

factory,

.

•

Whalebone
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.

.

'

.
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dry

forest

leaves.
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7.

Chemicals,

Refuse
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potash,

*
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ammonia

|

*
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potash,
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Part IV.— Compilation of Analyses of Fruits,

Garden Crops and Insecticides.

H. D. IIASKINS.

1. Analyses of fruits.

2. Analyses of garden crops.

3. Relative proportions of phosphoric acid, potassium oxide and

nitrogen in fruits and garden crops.

4. Analyses of insecticides.

A computation of the results of a chemical analysis of

twenty prominent garden crops shows the following average

relative proportion of the three essential ingredients of plant

food :
—

Parts.

Nitrogen, 2.2

Potassium oxide, 2.0

Phosphoric acid, 1.0

One thousand pounds of green garden vegetables contain,

on the above stated basis of relative proportion of essential

constituents of plant food :
—

Pounds.

Nitrogen, 4.1

Potassium oxide, 3.9

Phosphoric acid, 1.9

The weight and particular stage of growth of the vege-

tables when harvested control, under otherwise corresponding

conditions, the actual consumption of each of these articles

of plant food. Our information regarding these points is

still too fragmentary to enable a more detailed statement

here beyond relative proportions. It must suffice for the

present to call attention to the fact that a liberal manuring

within reasonable limit pays, as a rule, better than a scanty

one. (C. A. Goessmann.)
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Many of the foregoing analyses were compiled from the

tables of E. Wolff. Those marked with a star (*) are from

analyses made at the Massachusetts State Agricultural Ex-

periment Station, Amherst, Mass., and since 1895, at the

chemical division of the Hatch Experiment Station of the

Massachusetts Agricultural College.

3. Relative Proportions of Phosphoric Acid, Potas-

sium Oxide and Nitrogen in Fruits and Garden

Crops.

Phosphoric

Acid.

Potassium

. Oxide.
Nitrogen.

FruUs.

Ericaceae :
—

* Cranberries, .... 3.0

* Cranberries, .... 3.33 2.66

Rosaceae :
—

Apples, 2.7 2.0

* Apples, 1.9 1.3

Peaches, 1.3

Pears, ...... 3.6 1.2

Strawberries, .... 1.4

* Strawberries, .... 2.6

* Strawberry vines, .7

Cherries, 3.3

Plums, 4.3

Saxifragacese :
—

* Currants, white, .... 2.8

* Currants, red, .... 2.1

GU)oseberries, .... 1.9
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits and Garden

Crops— Continued.

Phosphoric

Acid.

Potassium

Oxide.
Nitrogen.

Fruits — Con.

Viticeae :
—

1 3.6 1.2

1 1.0 2.7

Garden Crops.

Chenopodiaceae :
—

Mangolds, 6.0 2.3

* Mangolds, 4.2 2.1

Mangold leaves, .... 4.5 3.0

Sugar beets, .... 4.2 1.8

* Sugar beets, .... 4.8 2.2

Sugar beet tops, .... 2.3 1.7

Sugar beet leaves, 5.7 A O4.0

Sugar beet seed,.... 1.5

* Red beets, 4.1 3.3

Spinach, 1.7 3.1

* Spinach, ..... 19.2 6.8

Compositae :
—

Lettuce, common. 5.3

Head lettuce, .... 3.9 2.2

* Head lettuce, .... 7.7 4.0

Roman lettuce, .... 2.3 1.8

Artichoke, .63

* Artichoke, Jerusalem, 2.8 2.7
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits and Garden

Crops— Continued.

Phosphoric

Acid.

Potassium

Oxide.
Nitrogen.

Convolvulacese :
—

Sweet potato, .... 1 4.6 3.0

Cruciferae :
—

White turnips, .... 1 3.6 2.3

White turnips, .... 1 3.9 1.8

White turnip leaves, . 1 3.1 3.3

Ruta-bagas, 1 4.1 1.6

Savoy cabbage, .... 1 1.9 2.5

White cabbage, .... 1 4.1 1.7

* White cabbage, .... 1 11.0 7.6

Cabbage leaves, .... 4.1 1.7

Cauliflower, .... 2.3 2.5

±XV^X i. U'ViXoU , .... 3.9 2.2

3.2 3.8

Kohlrabi, 1.6 1.8

Cucumbers ... 2.0 1.3

Pumpkins .... .6 .7

Gramineae :
—

Corn, whole plant, green, 3.7 1.9

Corn, whole plant, green, . 2.2 2.8

Com kernels, .... .6 2.8

* Corn kernels, .... .6 2.6
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits and Garden

Crops— Continued.

Phosphoric

Acid.

Potassium

Oxide.
Nitrogen.

Garden Crops— Con.

Gramineae— Con.

* Com, whole ears, .8 2.5

* Corn stover, .... 4.4 6.4

Leguminosae :
—

Hay of peas, cut green, 3.4 3.4

* Cow-pea (Dolichos), green. 3.1 2.9

* Small pea (Lathyrus Sylvestris)
,

3.4 4.2

dry-

1.2 4.3

2.8 4.0

Garden beans, seed, . 1.2 4.0

Bean straw, ... 3.3

* Velvet beans, kernel, . 1.7 4.0

* Velvet beans, Avith pod, 1.56 2.3

* Leaves and stems of velvet beans.

Liliacea3 :
—

* Asparagus,..... 1 3.05 3.06

Asparat^us, ..... 1 1.3 3.6

1 1.9 2.1

1 2.6 -

Solanacese :
—

Potatoes, . . . .* . 1 3.6 2.1

1 4.1 3.0

Potato tops, nearly ripe, 1 2.7 3.1
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits and Garden

Crops— Concluded.

Phosphoric

Acid.

Potassium

Oxide.
Nitrogen.

Garden Crops— Con.

Solanaceae— Con.

Potato tops, unripe, 3.7 5.3

* Tomatoes, 8.7 4.5

Tobacco leaves, .... 6.2 5.3

* Tobacco, whole leaf, . ] 13.46 5.65

Tobacco stalks, .... 3.1 2.7

* Tobacco stems, .... 10.7 3.8

Umbelliferse :
—

Carrots, 2.7 2.0

* Carrots, 5.7 1.7

Carrot tops, . , . 2.9 5.1

Carrot tops, dry,.... 8.0 5.1

Parsnips, 3.8 2.8

* Parsnips, 3.3 1.2

Celery, 3.5 1.1
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KEPOKT OF THE CHEMIST.

i

DIVISION OF FOODS AND FEEDING.

J. B. LINDSET.

Assistants: e. b. Holland, p. h. smith, jr., j. w. kp:llogg.

Part I.

—

Outline of Year's Work.
A. Correspondence.

B. Extent of chemical work.

C. Character of chemical work.

(a) Water.

(b) Dairy products and feed stuffs.

(c) Chemical investigation.

D. Cattle feed inspection.

E. Dairy legislation.

F. Miscellaneous.

Part II. — Dairy and Feeding Experiments.

A. Effect of feed on the composition of milk,

butter fat, and on the consistency or body

of butter.

B. Notes on summer forage crops.

Part III. — Compilations.

A. Composition and digestibility of fodder ar-

ticles.

B. Fertilizer ingredients of fodder articles.

C. Analyses of dairy products.

D. Coefficients of digestibility of American feed

stuffs.
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Part I.— Outline of Year's Work.

J. B. LINDSEY.

A. CORRESPOXDEXCE.

The general correspondence of this division has increased

considerably during the last five years, due especially to

the establishment of the feed control, and to the work in

connection with the dairy law. More than the usual number

of inquiries have been received relative to milk, cream,

water, feed stuffs and methods of feeding. Some letters

can be answered very quickly, while others require time

and study. The total number of letters written during the

year ending December 15 has been 2,186.

B. Extent of CHE:\ncAL Work.

In the last report attention was called to the fact that the

ever-increasing demand on the chemists' time for work of a

routine character— the analyses of water, milk, cream and

feed stuffs— very seriously interfered with the extent of

experimental work. This has been particularly the case

the past year, due largely to the amount of time required

in connection with the dairy law. In fact, the work of

investigation has been seriously curtailed, which is much to

be regretted.

There have been sent in for examination 242 samples of

water, 164 of milk, 1,557 of cream, 15 of pure and process

butter, 48 of oleomargarine, 106 of feed stuffs and 5 of

miscellaneous substances. In connection with experiments

by this and other divisions of the station, there have been

analyzed, in whole or in part, 148 samples of milk and

cream, 80 of butter fat and 563 of fodders and feed stuffs.
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There have also been collected, under the provision of the

feed law, and tested, either individually or in composite,

694 samples of concentrated feed stuffs. This makes a

total of 3,622 substances analyzed during the year, as

against 8,036 last year and 2,045 in the previous year.

Work on the pentosans and galactan, not included in the

above, has been done for the Association of Official Agri-

cultural Chemists. In addition, forty-five candidates have

been examined and given certificates to operate Babcock

machines in creameries and milk depots, and 5,041 pieces

of glassware have been tested for accuracy.

C. Character of Chemical Work.

(a) Water.— It has been the custom, ever since the

establishment of the Massachusetts State Experiment Station,

in 1882, to make sanitary analyses of drinking waters free

of cost to all citizens of Massachusetts. Work of this

character has increased until it has become quite burden-

some. Acting with the approval of the Experiment Station

committee, the following rules were adopted, and went into

effect July 1 :
—

1. Hereafter, all parties wishing to secure a sanitary analysis

of water at the Hatch Experiment Station must make known their

desire by postal or letter, whereupon a glass bottle, securely

encased, accompanied by full instructions for collecting and

shipping the sample, will be forwarded by express to the applicant.

2. According to a recent oflScial ruling, no party shall be allowed

to have more than tivo samples of water tested at this station free

of cost in a single mouth. Additional analyses may be obtained

within this time at a cost of two dollars each, providing the

resources of the station permit.

Heretofore, parties have been aliow^ed to send in any

number of samples, at any time, in any kind of vessel.

One result of this custom was, that the station often received

more samples than could be properly handled, and other

work was crowded to one side. Now it is possible to

regulate the number of samples by the time at our disposal.

Because of the large amount of Avork on hand, it has become
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necessary to refuse -water samples during the months of

November and December of the present year. Again,

many persons had only an imperfect understanding of the

method of taking and shipping a sample
;
consequently,

the water Avas often received in improper condition, render-

ing the results of very questionable value. At present, a

clean, glass-stoppered bottle is shipped the applicant, to-

gether with full instructions. The chemist, therefore, feels

reasonably sure that the sample under examination is a fair

one, and the results obtained are of a more positive char-

acter.

Samples are received not only from farmers, but from

persons following various trades and professions. They
are practically all from wells, springs and ponds in towns

and villages not having a public water supply. Many are

of fair quality, others quite suspicious, while some are

entirely unfit for use. Some samples have been found to

contain lead, due to the use of lead pipe. Drinking water

thus polluted results in serious cases of lead poisoning, as

many persons have found, to their sorrow. All parties are

cautioned never to use lead pipe to conduct water intendedfor

drinking or cookingpitrposes . It is not considered necessary

to publish the results of the various analyses made, as they

convey no particular information that could be of general

interest.

(b) Dairy Products and Feed Stuffs,— More than the

usual number of samples of milk and cream have been re-

ceived during the past year. They w^ere sent largely for

the purpose of determining the amount of butter fat they

contained. Some farmers are desh-ous of knowing the

quality of milk produced by their animals, while others,

who sell cream to the different creameries, wish to ascertain

how closely the station tests agree with those made by the

local creamer3\ Quite frequently samples of milk are re-

ceived from milkmen whose product has been found to be

below the standard by the inspector or milk contractor.

In such cases the determination of both total solids and fat

is made. The results of all analyses are returned within

a few days, together with as full information as possible.
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Printed circulars are also sent, containing information con-

cerning the quality of the milk produced by diflerent breeds

of animals, and the necessary instruction relative to the

best methods to be used in estimating the butter producing

capacity of dairy herds.

In addition to the above, this division examines milk,

cream and butter collected in western Massachusetts by

the agent of the Dairy Bureau. The work is confined

largely to the detection of oleomargarine, and is paid for

by the Bureau, at a definite price for each determination.

The number of feed stuflfs sent for examination was a trifle

less than usual, due to the fact that quite thorough informa-

tion of this character is now furnished in the feed bulletins

issued from time to time by this division. During the

winter and early spring a considerable number of samples

of cotton-seed meal were received, tested, and the results

returned Avithout delay.

(c) Chemical Investigation. — So far as possible, it is the

intention of this division to continue its investigation of

some of the various dairy and feeding problems demanding

solution. At present the time is devoted to the examina-

tion of butter fat, the manufacture of butter, and the digesti-

bility of concentrated feed stufi's and summer forage crops.

Work of this character is to be found in connection with

Part II. of this report.

D. Cattle Feed Inspection,

The inspection of cattle feeds has been carried on in

much the same manner as in previous years. Bulletin No.

71, comprising forty pages, was issued early in the year.

This contains analyses of 653 cattle feeds, 33 poultry feeds,

46 so-called condimental foods for horses, cattle and poultry,

together with full discussion of the results obtained. The

interested reader is referred to it. When warranted, addi-

tional information is issued as press bulletins and sent to

about one hundred newspapers in the State. Should any

material be found seriously adulterated, a special circular is

sent at once to the grain dealers in every town. Two com-

plete inspections have been made during the present year,

resulting in the collection of 698 samples. They are now
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under examiuation, and the results thus far obtained allow

the following deductions :
—

(a) The larger part of the cotton-seed meal is now guaran-

teed, and is of excellent quality. A few unguaranteed meals

were found mixed Av^ith more or less hulls. Farmera are

strongly urged to but/ only guaranteed meals.

(b) Gluten meal and feed are nearly always accompanied

with a guarant}^ and are free from any foreign admixtures.

(c) Wheat bran and middUngs are seldom adulterated.

Purchasers are recommended, however, to give preference

to those articles branded with the name of reputable manu-

facturers, or to examine the article closely before buying,

in order to note its quality.

((Z) Mixed feed, so called, consists of the entire wheat

oftal or mixtures of bran, coarse and flour middlings. The

larger the proportion of flour middlings, the more valuable

the feed. Diflerent brands show noticeable variations in

the proportions of the several ingredients. Farmers can

obtain a very desirable mixed feed by mixing equal parts

by weight of bran and flour middlings or red dog flour.

Such a feed will be decidedly preferable to many of the

brands now on the market, and the cost will not be in-

creased. Most mixed feeds are entirely free from adultera-

tion. A few samples were found containing a considerable

quantity of ground corn cobs. Some were marked Ken-

tucky Milling Company, others Kentucky, and a few were

without brand. Several samples contained a noticeable

amount of wheat screenino^s. Mixed feed containin^: cobs

can generally be recognized by the hard, woody nature of

the material w^hen chewed. A close inspection of the feed

will reveal the presence of screenings. Consumers are es-

pecially cautioned against such feeds.

(e) Oat ofial, the refuse from the oat meal mills, contains

large quantities of oat hulls. Tavo brands, namely, "X"
and Boston," were practically all hulls. The price of the

ofial varied from $16 to $27 a ton. It is relatively a very

expensive feed

.

(f) Dried brewers' grains and malt sprouts ofler cheap

sources of protein, provided they can be obtained.

In general, it can be said that the number of brands is
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increasing each year, practically all of which are the by-

products from different manufacturing industries. The bet-

ter class of feed stuffs, as put out by firms of established

reputation, are not adulterated
;
irresponsible firms, however,

are making systematic attempts to put out inferior goods.

This is noticed especially in the persistent attempt to sell

cotton-seed meal mixed with fine-ground hulls for genuine

meal ; in the substitution of fine-ground corn cobs for mid-

dlings in mixed feeds ; in the offering of fine-ground rice

hulls to dealers for the purpose of adulterating standard

gi*ains ; and in the use of oat offal rather than ground oats

in the mixing of the so-called provender (cracked corn and

ground oats).

The following is the text of the present feed stufi* law :
—

[Chapter 117, Acts axd Resolves of 1897.]

Section 1. The director of the Hatch Experiment Station of

the Massachusetts Agricultural College is hereby authorized and

directed, in person or by deputy, to take samples not exceeding

two pounds in weight from any lot or package of concentrated

commercial feed stuff, used for feeding any kind of farm live

stock, which may be in the possession of any manufacturer,

importer, agent or dealer, cause the same to be analyzed for the

amount of crude protein and crude fat contained therein, as well

as for other ingredients if thought advisable, and cause the results

of the analyses to be published from time to time in especially

prepared bulletins, with such additional information as circum-

stances advise : provided, hoicever, that in publishing the results

of the analyses, the name of the jobbers or local dealers selling

the said feed stuffs shall not be used, but the commodity analyzed

shall be identified and described by the name of the manufacturer,

or the commercial name or designation by which it is known in the

trade.

Section 2. Whenever requested, said samples shall be taken

in the presence of the party or parties in interest or their repre-

sentative, and shall in all cases be taken from a parcel or number

of packages which shall not be less than five per cent, of the

whole lot inspected, shall be thoroughly mixed and then divided

into two equal samples and put in glass vessels and carefully

sealed, and a label placed on each vessel stating the name or

brand of the feed stuff or material sampled, the name of the

manufacturer when possible, the name of the party from whose
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stock the sample was taken, and the time and phvce of taking
;

said label shall be signed by the director, or his deputy, and by

the party or parties in interest or their representative if present

at the taking and sealing of the samples. One of said duplicate

samples shall be retained by the director and the other by the

party whose stock was sampled.

Section 3. To defray the expenses of collecting and analyzing

the samples and of publishing the results, the sum of twelve hun-

dred dollars shall be allowed and paid annually in semi-annual

payments from the treasury of the Commonwealth into the treasury

of the Massachusetts Agricultural College.

Section 4. This act shall take effect on the first day of July

in the year eighteen hundred and ninety-seven.

The above law simply provides for collecting and analyz-

ing the samples and for the publication of the results. It

prevents the publication of the names of the jobbers or

local dealers selling the feed stuflfs. It was the best that

could be procured at the time. In the light of our experi-

ence, it is believed that this law should be changed and

a more comprehensive one made, with the following points

emphasized :
—

1. An explicit statement of those feed stuffs included and

those not included within the law.

2. The tagging of each package with the brand, name and

place of business of the manufacturer or sponsor, net weight,

and a guaranty of protein, fat and fibre.

3. The prohibiting of adulteration of any grain or recog-

nized by-product with any foreign material whatsoever,

unless the name and quantity of said material is clearly

specified on the package.

4. The filing upon request by each manufacturer of a

certified sample of each distinct brand of feed stuff offered

for sale.

5. Instructions concerning the collection and analyzing of

the feed stuffs and the publication of the results.

6. A penalty for obstructing an agent in the collecting of

samples, and for selling articles which are not as represented.

7. The appropriation from the State treasury of at least

double the sum now appropriated for the purpose of carry-

ing out the provisions of the new law.
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Laws similar to the one outlined are now in operation in

Maine, New Hampshire, Vermont, Rhode Island, Connecti-

cut, New York, Pennsylvania, New Jersey, Maryland and

Wisconsin. It is believed that the enactment of a law

including the points outlined above would be for the true

interest of producers and consumers alike.

E. Dairy Legislation.

The Massachusetts Leo^islature durino: the session of

1901-1902 passed the following law : —
[Chaptek 202.]

An Act to provide for the protection of dairymen.

Be it enacted^ etc., as folloivs :

Section 1. All bottles, pipettes or other measuring glasses

used by any person, firm or corporation, or by any employee or

agent thereof, at any creamery, cheese factory, condensed milk

factory, milk depot, or other place, in this state, in determining

by the Babcock test, or by any other test, the value of milk or

cream received from different persons or associations at such

creameries, factories or milk depots as a basis of payment for such

milk or cream, shall before use be tested for accuracy. Such

bottles, pipettes or measuring glasses shall bear in ineffaceable

marks or characters the evidence that such test has been made by

the authority named in section two of this act. No inaccurate

bottles, pipettes or glasses shall bear such marks or characters,

but when found inaccurate shall be marked Bad."

Section 2. It is hereby made the duty of the director of the

Hatch Experiment Station of the Massachusetts Agricultural Col-

lege, or of some competent person designated by him, to test all

bottles, pipettes or other measuring glasses, as required by sec-

tion one of this act. The director of the experiment station shall

receive for such service the amount of the actual cost incurred,

and no more, the same to be paid by the persons or corporations

for whom it is rendered.

Section 3. Within six months after this act takes effect, and

once each year thereafter, the director of the Hatch Experiment

Station, or his authorized agent, shall inspect at the expense of

the owners all centrifugal or other machines used by any person,

firm or corporation, or by any agent or employee thereof, for the

testing of milk or cream in fixing the value thereof ; and the director

of the experiment station or his authorized agent shall cause all
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such machines to be put into condition to obtain accurate results

with the Babcock test or other tests, at the expense of the owners

thereof. Such machines may be replaced by new ones at the

option of the persons to whom they belong.

Section 4. No person shall, either by himself or in the employ

of any other person, firm or corporation, manipulate the Babcock

test, or any other test, whether mechanical or chemical, for the

purpose of measuring the butter fat contained in milk or cream as

a basis for determining the value of such milk or cream, or of but-

ter or cheese made from the same, without first obtaining a certif-

icate from the director of the Hatch Experiment Station that he

or she is competent to perform such work. Rules governing appli-

cations for such certificates and the granting of the same shall be

established by the said director. The fee for issuing such a certif-

icate shall in n6 case exceed two dollars, the same to be paid by

the applicant to the said director, to be used in meeting the ex-

penses incurred under this act.

Section 5. It shall be the duty of the director of the Hatch

Experiment Station to test farmers' samples of milk or cream by

the Babcock method, and report the results of each test, the cost

of such test to be paid by the farmer. The director shall also test

by the Babcock method, samples of milk or cream sent from any

creamery, factory or milk depot in the state by its proper repre-

sentative, the actual cost of such tests to be borne by the sender.

The experiment station shall publish and distribute such informa-

tion concerning the Babcock test, and the taking and forwarding

of samples, as it deems necessary under this section.

Section 6. Any person violating any provision of this act

shall be fined not more than twenty-five dollars for the first offence

and not more than fifty dollars for each subsequent offence.

Section 7. This act shall take effect on the first day of July in

the year nineteen hundred and one. ^Approved March 26, 1901.

The execution of the above law having been referred to

this division, a circular was prepared, giving the text of the

law, together with such rules and regulations as it seemed

wise to make for the carrying out of its several provisions.

There seeming to be doubt in some instances as to whom
the law applied, the following interpretation was made,

which is believed to be correct and in accordance with the

spirit of the law :
—

1. All parties employing the Babcock or similar test
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simply as a protection against adulteration, the results of

which in no way aflfect the price of milk or cream to either

the producer or consumer, shall be considered exempt from

the law.

2. All parties employing the Babcock or similar test (as

described in section 4) for the purpose of measuring the

butter fat contained in the milk or cream, as a basis for

determining or fixing the value of such milk or cream (to

either producer or purchaser), shall be considered subject

to the requirements of the law.

The law practically resolves itself into tlu'cc sections

:

(1) the testing of glassware for accuracy of graduation
; (2)

the examination of candidates for proficiency in operating

the test
; (3) the inspection of Babcock machines.

Inspection of Glassicare.— The scale on the neck of the

cream, whole and skim milk bottles is tested for accuracy

of graduation by the mercury method, as described by Far-

rington & AYoll in their work entitled Testing milk and

its products." Pipettes and acid measures are tested for

accuracy by carefully measuring the amount of water they

deliver. The following limits of error were adopted :
—

Capacity. Single
Graduation.

Limit
of Error.

Cream bottles, Connecticut
Per Cent
30-35-40

Per Cent.

.50

Per Cent.
.50

Cream bottles, Connecticut, .... 50 1.00 .50

26 .20 .20

10 .20 .20

Milk bottles, Ohlsson, 5 .10 .10

Milk bottles, Wagner, 8 .10 .10

Skim milk bottles, double quantity, 2.00 .10 .10

Skim milk bottles, Ohlsson, .... .50 .05 .02

Skim milk bottles, improved Ohlsson, .25 .01 .01

Skim milk bottles, Wagner, .... .50 .05 .02

Skim milk bottles, improved Wagner, . .25

Cubic
Centimetre.

18.00

.01

Cubic
Centimetre.

.10

Cubic
Centimetre.

.10

Pipettes, milk, 17.60 .10

17.50 .20
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All glassware found to be correct is marked " Mass. Ex.

St.," by means of a sand blast, working under twenty-five

pound pressure. The necessary air pressure for the blast is

obtained by a double-acting power air pump, * with a thirty-

gallon reservoir.

It became necessary at first to test the ware in use by all

creameries and milk depots. Xow, pi-actically none is

received from these sources, but rather from the large

supply houses, who furnish tested ware whenever requested.

There has been examined to date 5,041 pieces, of which 291

pieces, or 5.77 per cent., have been found to be incorrect.

One order from a large supply house, numbering 441 pieces,

contained 149 pieces, or 33.8 per cent., incorrectly gradu-

ated. The wisdom, therefore, of this section of the law is

apparent without further argument.

Manufacturers are now inclined to be more careful con-

cerning the quality and accuracy of glassware supplied, for

the reason that a large part is examined by the several

experiment stations before coming into the hands of the

users.

Examination of Candidates, f— It seemed wise to require

candidates to present themselves at the station laboratory

for examination. In all, 45 candidates have been examined

to date. Scarcely an}^ were found to be free from faults,

but the larger number appeared to understand the general

principles of manipulation. A few were noticeably careless,

and had but an imperfect understanding of the process.

As much instruction as possible was given in the time at

our disposal, an especial effort being made to correct the

serious faults. In furtherance of this idea, the following

circular concerning the points especially to be observed in

making the test was printed, and a copy given to each party

examined :
—

1. Milk or cream should be carefully and thoroughly mixed, —
never by shaking the sample, but by gently rotating it and by

pouring from one vessel to another. All cream adhering to the

* No. 3, A. Babcock & Bishop Company, New York.

t The inspection of the glassware and the examination of candidates were largely

in charge of Mr. E. B. Holland, who gave these matters very careful attention.
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sides and stopper of the retaining vessel must be incorporated,

and the resulting mixture should show no solid particles of fat.

A small fine wire sieve is of great value in detecting the imperfect

(lumpy) condition of a sample and in preparing the same for

pipetting.

2. Pipette immediately after preparing the sample, filling the

pipette slowly^ and taking care to avoid air bubbles. Hold the

pipette in a ver^icaZ position when lowering the liquid to the mark,

and always read with the entire meniscus above the line. In

transferring milk or cream to the test bottles, avoid, so far as

possible, the smearing of the entire neck with the liquids.

3. Cream testing above 25 per cent, of fat should always be

weighed, as accurate results cannot be secured with the pipette.

4. In adding the acid, turn the bottle so as to wash down all

milk or cream adhering to the sides of the neck, and mix at once.

Rotate the bottle until all the lumps of casein are thoroughly dis-

solved, and the resulting mixture is black in color. Never slight

the mixing, and avoid throwing the fat up into the neck.

5. Whirl at least five, two, and two minutes. In filling with hot

water, allow the water to run down the sides of the neck, and thus

avoid stirring up the contents of the bottle.

6. In reading the column of fat, it is safer to use a pair of

dividers than to trust to the unaided eye ; read the centre of the fat

column from the lowest to the highest limit.

Inspection of Machines. — The inspection of Babcock ma-

chines, in accordance with section 3 of the law, is now in

progress. Mr. Nathan J. Hunting, a graduate of the col-

lege in the class of 1901, is charged with the execution of

this work. It is not possible at present to make anj^ def-

inite report, other than to state that a number of machines

have thus far been condemned and others have been ordered

repaired.

F. Miscellaneous.

Under this heading it is desired to call attention to the

compilation of analyses of cattle feeds and dairy products

prepared by Messrs. Holland and Smith, and published as

Part III. Tables of a similar character were printed in the

ninth report of this station. The present compilation—
representing the analysis of different substances made since

the establishment of the Massachusetts State Experiment
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Station— has been thoroughly revised, and some feeds that

are no longer on the market or were of only temporary

interest have been omitted. This is especially true of a

number of concentrated by-products, where the process of

manufacture has been noticeably changed and improved.

Tables showing the coefficients of digestibility of all

American feed stuffs, similar to those published in the ninth

report are also presented. Work of this nature requires a

great amount of time, and severely taxes the resources of

the station staff.
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Part 11.— Dairy ant> Feeding Experiments.

J. B. LINDSEY.*

A. Effect of Feed on the Composition of Milk and

ON the Consistency or Body of Butter.

Experiments of this character have been in progress since

1898. A general outline of those previously completed will

be found in the preceding (thirteenth) report of this station

(pages 14-33).

During the autumn and winter of 1900—1901 another

series was conducted, for the purpose of noting particularly

the effect of cotton-seed meal with a minimum amount of

oil, and likewise with the addition of cotton-seed oil, on the

relative proportions of the several ingredients in milk and

butter fat and on the body of the butter. It is intended at

present only to briefly outline the character of the experi-

ment, and to call attention to a few of the more important

facts ; the full data will be published later.

Plan of Experiment. — Ten cows were divided into two

herds of five each. During the first period both herds

received the same or so-called standard ration. During the

three subsequent periods Herd I. continued to receive the

standard ration as in the first period, and in case of Herd II.

a portion of the standard ration was replaced by cotton-seed

meal, cotton-seed oil and Cleveland flax meal.

Table I. — Duration of Experiment.

Periods. Dates of Experiment. Length in
Weeks.

First period, botli lierds standard ration, . Nov. 17 through Dec. 7, 3

Second period, Herd II., cotton-seed ration, Jan. 5 through Feb. 8, 5

Third period. Herd II., cotton-seed oil ration, . Feb. 23 through April 6, 6

Fourth period, Herd II., Cleveland flax meal April -20 through May 16, 4

ration.

• Together with E. B. Holland, P. H. Smith, Jr., and J. W. Kellogg.
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Table II.

—

Approximate Daily Rations (^Pounds).

First period : both herds, standard ration.

Herds.
Standard
Ration.

Cotton-
seed
Meal.

Cotton-
seed Oil.

Cleveland
Flax Meal.

First
Cut
Hay.

Rowen.

Herd I

Herd II

9

9

8-12

8-12

10

10

Second period : Herd /., standard ration; Herd II., cotton-seed ration.

Herd I., . . . .

Herd II.

9

5 3

- 8-12

8-12

10

10

Third period : Herd /., standard ration ; Herd II., cotton-seed oil ration.

Herd I., . . . .

Herd II., . . . .

9

5 3 .5

8-12

8-12

10

10

Fourth period : Herd L, standard ration ; Herd IL, Cleveland flax meal

ration.

Herd II., . . . .

9

4 3

8-12

8-12

10

10

The standard ration consisted of 3 pounds of wheat bran,

5 pounds of ground oats and % pound each of cotton-seed

and gluten meal. It is not to be inferred that this so-called

standard ration is superior to all other rations, but simply

that it was thought to be a safe and desirable ration, and

likely to produce normal milk and butter. It was intended

to secure cotton-seed meal w ith a minimum percentage of

oil, but, in spite of all efforts, the lowest obtainable con-

tained 8 per cent. The extra cotton-seed oil fed in the

third period was mixed with the grain ration.
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Table III.

—

Average Composition of Milk.

First period : both herds standard ration.

Herds. Total
Solids.

Fat.
Solids
not Fat.

Nitrogen. Ash.

Herd I

Herd II

14.15

14.27

5.00

4.93

9.15

9.34

.538

.546

.73

.72

Second period : Herd I., standard ration

;

Herd II., cotton-seed raiion.

Herd I

Herd II

14.16

14.30

5.06

4.98

9.10

9.32

.550

.562

.73

.71

Third period : Herd /., standard ration ; Herd II., cotton-seed oil ration.

Herd I.,

Herd II., . . . .

14.22

14.75

5.05

5.40

9.17

9.35

.567

.565

.73

.72

Fourth period : Herd /., standard ration ; Herd II., Cleveland flax meal

ration.

Herd I

Herd II

14.32

14.81

5.12

5.06

9.21

9.75

.565

.616

.74

.74

Composite samples of milk were taken from each herd for

five days in each Aveek, and tested for total solids, fat, nitro-

gen and ash. The milk from each herd showed no notice-

able variations in composition during the first two periods.

In the third, or cotton-seed oil period, the milk of Herd I.

remained as in the preceding periods, while the total solids

and fat of Herd II. showed an increase of about .40 per

cent, at the beginning of the period, and this increase main-

tained itself until the close of the period. The solids not

fat, nitrogen and ash remained unchanged. In the fourth,

or Cleveland flax meal period, the milk from Herd I. re-

mained practically unchanged, increasing a trifle in all

ingredients, due to advanced lactation. In case of the milk

from Herd II. the fat decreased to the percentage produced

in the second period (before the cotton-seed oil was fed).
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Avhile the total solids ivnmined as high as in the cotton-seed

oil period. The solids not fat and the nitrogen showed a

noticeable increase. The increase of the nitrogen percent-

age apparently explains why the total solids did not show

the same relative decrease as did the total fat. The ash

remained unaflected.

Table IV.— Average Analysis of Butter Fat.

First period: both herds standard ration.

Number
Samples,

Each Herd.

Saponifi-
cation
Equiva-
lent.

Insoluble
acids.

Reichert
i Meissl
j

Number.

Melting
Point

(Degrees c.)-

Iodine
Number.

Herd Herd
11.

Herd
I.

Herd
11.

! Herd
I.

Herd
|

11.

Herd Herd
11.

Herd
1.

Herd
11.

6 samples, 229.3 231.8 88.95 88.72 29.02 30.54
j

33.44 32.46 28.28 29.29

Second period: Herd /., standard ration; Herd II., cotton-seed meal

ration.

10 samples, . 228.7 230.3 i 88.03 87.81 29.08 30.32 33.75 34.10 27.98 29.58

Third period: Herd I, stayidard ration; Herd II., cotton-seed oil ration.

12 samples, . 233.3 225.3 88.19 88.57 28.97 28.82 34.04 36.46 27.35 33.78

Fourth p)eriod : Herd /., standard ration

;

ration.

Herd 11, Cleveland Jiax raeal

8 samples, . 228.9 228.4 28.08 26.81
1

34.04 33.42 29.21 29.87

It will be seen that, excepting for minor variations, the

butter fat produced by Herd I. remained unchanged through-

out the several periods. In the cotton-seed meal period the

fat produced by Herd II. increased a little in its melting

point, but otherwise no particular change is noted. In the

cotton-seed oil period the fat in case of Herd H. showed a

decrease in its Reichert Meissl number and a noticeable in-

crease in the melting point and iodine number, as compared

with previous periods. In the Cleveland flax meal period

the butter fat produced by Herd II. became similar in com-

position to that produced by Herd I., excepting the Reichert
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Meissl number, which somewhat decreased. This decrease

in volatile acids was also noticed in a previous experiment,

when linseed meal was fed with apparently unsatisfactory

results, so far as the quality of the butter was concerned.

Two lots of butter were made weekly, the same condi-

tions prevailing in case of each herd. These butters were

scored by AY. A. Gude of New York and O. Douglass of

Boston :
—

Table V.— Average Butter Scores.

Fi7'si period : both herds standard ration.

Flavoe. Body. Color. Salt. Style. Total.

SCOBEBS. Herd
I.

Herd
II.

Herd
I.

Herd
II.

Herd
I.

Herd
II.

Herd
I.

Herd
II.

Herd
I.

Herd
II.

Herd
I.

Herd
n.

Gude, 36.5 38.0 24.8 24.6 15.0 15.0 10 10 5 6 91.3 92.6

Douglass,

.

93.6 93.7

Second period: Ilo'd /., stajidard ratioti ; Herd II., cotton-seed meal

raiion.

Gude,

Douglass,

.

3e.8 37.3 24.5 24.8 14.9 14.8 10 10 5 5 91.2

93.8

91.9

94.1

Third period: Herd /., standard ration; Herd 11.^ cotton-seed oil ration.

Gude,

Douglass,

.

36.9 37.0 24.1 24.6 14.9 15.0 10 10 5 5 90.9

92.7

91.6

93.1

Fourth period : Herd /., standard ratioyi ; Herd II., Clevelandflax meal

ration.

Gude,

Douglass,

.

36.0 35.0 25.0 24.7 15.0 15.0 10 10 5 5 91.0 89.7

Standard Score.

Gude,

Douglass,

.

45.0

50.0

45.0

50.0

25.0

20.0

25.0

20.0

15.0

16.0

15.0

15.0

10

10

10

10

5

5

5

5

100.0

1
100.0

100.0

100.0

So far as the judgment of practical scorers is concerned,

little difference Avas noted in the flavor and body of the

butter made from the different rations. The butter made
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from the cotton-seed meal and from the cotton-seed oil

rations appears to have been a trifle more satisfactory, on

the whole, than that made from the standard ration, and

that made from the Cleveland flax meal ration a trifle less

so. tJudging from the remarks of Mr. Gude, the tendency

of the standard ration and the cotton-seed meal ration was

to produce a hard, crumbly butter, which the cotton-seed

oil counteracted, causing it to become softer and more yield-

ing in its nature.

The observation of the writer was that the butter produced

by the cotton-seed meal ration was a little softer than that

produced by the standard ration.

The butter produced by the cotton-seed oil ration was

noticeably softer and more yielding than that produced by

the standard ration. The diff'erence was not sufl3cient to

render the former butter objectionable, from a commercial

stand-point. At a temperature of 80° F. the standard ration

butter stood up well and could be handled, although some-

what soft ; while the cotton-seed oil butter was handled with

diflSculty, appearing to have lost its consistency or body.

The butter produced by the flax meal ration was not

noticeably diflferent from that produced by the standard

ration butter. Most of the cows during this period were in

advanced staofe of lactation, so that the results obtained are

not particularly satisfactory.

Table VI.

—

Average Degrees of Penetration (^Millimeters).

First Period. Second Period. Third Period. Fourth Period,

Herd I. Herd II. Herd I. Herd II. Herd I. Herd II. Herd I. Herd II.

4.7 4.6 4.5 4.4 4.4 5.0 5.2 5.4

By degrees of penetration is meant the number of milli-

meters a small glass plunger loaded with mercury will pen-

etrate into butter when dropped from a definite height. No
differences were noted excepting in the third period, when
the plunger penetrated deeper into the butter produced by
the cotton-seed oil, showing its more yielding character.
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Results.— The following are the most important results :

—

1. Cotton-seed meal with a minimum percentage of oil

did not alter the percentage composition of the milk.

2. The addition of one-half to three-fourths of a pound

of cotton-seed oil to the cotton-seed meal appeared to in-

crease the fat percentage in the milk about four-tenths of

one per cent. (5 to 5.4), and this increase was maintained

during the six weeks of the feeding period.

3. The substitution of Cleveland flax meal for the cotton-

seed meal and oil resulted in a decrease of the fat in the

milk to about the percentage found in the first period, while

the nitrogen percentage was increased. This change in

composition was probably due to the removal of the cotton-

seed oil from the ration, and not to the influence of the flax

meal.

4. Cotton-seed meal Avith minimum oil caused no marked

variation in the chemical composition of the butter fat.

5. The addition of cotton-seed oil to the cotton-seed meal

ration produced a noticeable increase in the melting point

and iodine number of butter fat.

6. Cotton-seed meal with a minimum oil produced a firm

butter.

7. The addition of cotton-seed oil, while it increased the

melting point of the butter fat, produced a softer, more

yielding butter than that produced by either the cotton-

seed meal or the standard ration.

8. An excess of cotton-seed oil in the ration is likel}^ to

aflfect the health of the animal.
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B. Notes on Summer Forage Crops.

J. B. LINDSEY.

This division has carried on experiments with green crops

for a number of years, in order to ascertain those best suited

to local conditions for summer forage. The results of these

observations were published in Bulletin No. 72, issued in

the spring of 1901. Observations with a number of crops

have been continued the past season.

Wheat and Winter Vetch.— This is one of the earliest

spring forage crops. It has been grown at this station for

two consecutive years, with very satisfactory results. A
fiill description of the crop and method of cultivation is

found in the above bulletin. About one-third of an acre

was seeded the first of the present September, and has made

an excellent growth and promises well for the coming sea-

son. The experience obtained with this mixture leads to

the conclusion that it is decidedly preferable to winter rye

for early forage, although not read}^ to cut until a Aveek

later. The vetch thus far has proved perfectly able to with-

stand the winter. The digestibility of this mixture, both

green and in the form of hay, has been made, but the results

are not yet available for publication.

Corn and Cow Peas. — It has been the intention, so far as

practicable, to grow mixtures of legumes and non-legumes,

in order to increase the amount of protein in the several

forage crops. For a number of years corn and medium
green soy beans have been grown together quite successfully.

The past season Longfellow corn and black cow-peas were

sown together in rows three and one-half feet apart, with an

Eclipse corn planter, at the rate of ten quarts of corn and

seven quarts of peas to the acre. The soil was rather of a
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light loam, and somewhat sensitive to drought. The rain-

fall proved sufficient, and the yield was heavy, being at the

rate of twenty-three tons to the acre. The peas spread out,

nearly covering the space between the roAvs, twining them-

selves at the same time about the stalks of corn. The crop

was harvested with some difficulty, because of its tangled

condition, but proved quite satisfactory for green fodder.

This mixture, as well as that of corn and soy beans, will be

grown again the coming season. It is believed that such

fodder combination will enable the farmer to get along with

less purchased grain.

Barnyard Millet, — Several plots of this fodder were

grown and fed the past season. The results fully confirm

the opinion concerning this crop expressed in last year's

report. Its chief value is unquestionably for green foi-age.

The first crop, sown about the middle of May, can be cut

as early as July 15 to 20, and if successive seedings are

made, green forage may be had until into September.

Cutting should begin just before the heads appear, and the

crop is at its best for eight to ten days thereafter. After it

is headed it becomes tough, and animals refuse quite a por-

tion of it. In order, therefore, to secure gi*een fodder from

such a source for a considerable period, it is necessary that

small pieces of ground be seeded every ten days. This mil-

let succeeds best upon warm, rather heavy, moist, fertile

soils. Such conditions favor the production of sixteen to

twenty tons to the acre, and even larger yields have been

reported. Upon light soils the writer prefers corn, or corn

and beans, for a soiling crop, after August 15. The millet

when in blossom is probably as nutritious as corn fodder at

the same stage of growth. Corn fodder, however, can be

grown until more or less eared, and still ))e readily eaten,

and in this condition the corn will naturally have a superior

feeding value.

Barnyard millet is unsuited for hay, and is only to be

preferred to corn for silage when for any reason it is not

possible to secure a crop of corn.
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Part III.— Compilation of Analyses of Fod-
der Articles and Dairy Products, made
AT Amherst, Mass., 1868-1901.

Prepared by e. b. Holland and p. h. smith, jr.

A. Composition and Digestibility of Fodder Articles.

I.— Green fodders.

(a) Meadow grasses and millets.

(6) Cereals.

(c) Legumes.

(d) Mixed and miscellaneous.

IL— Silage.

III.— Hay and dry, coarse fodders.

(a) Meadow grasses and millets.

(b) Cereals.

(c) Legumes.

(d) Straw.

(e) Mixed and miscellaneous.

IV.— Vegetables, fruits, etc.

V. — Concentrated feeds.

(a) Protein.

(b) Starchy.

(c) Poultry.

B. Fertilizer Ingredients of Fodder Articles. (For classifi-

cation, see A and C.)

C. Analyses op Dairy Products.
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B. Fertilizer Ingredients of Fodder Articles.*

[Figures equal percentages or pounds in 100.]

it
15 Water.

c
e
bo

£
o
C

•c

Is
ft

I.— Green Foddebs.

(a) Meadow Grasses and Millets.

1 75 0.38 0.52 0.15

3 80 0.33 0.22 0.10

3 80 0.30 0.67 0.10

1 80. 0.29 0.43 O.U

4 70 0.43 0.56 0.13

(t) Cereal Fodders.

21 80 0.39t 0.27 0.13

3 75 0.72 0.56 0.19

2 75 0.27 0.57 0.11

(c) Legumes.

Alfalfa, * 75 0.55 0.39 0.14

85 0.41 0.21 0.06 '

75 - 0.49 0.14

76 0.71 0.69 0.16

75 0.70 0.59 0.17

75 O.SS 0.62 o.ao

0.75 0.85 0.18

6 75 0.66 0.62 0.19

3 75 0.63 0.34J 0.16

2 75 0.59 0.62 0.12

1 75 0.54 0.50 0.16

85 0.45 0.26 0.06

1 85 0.40 0.44 0.09

1 80 0.36 0.20 0.11

1 80 1.00 0.43 0.13

Small pea, 1 80 0.53 0.41 0.12

1 75 0.68 0.67 0.20

2 80 0.48 0.49 0.16

* Most of these analyses were made in earlier years by the Massachusetts State Ex-
periment Station. The percentages of the several ingredients will vary considerably,

depending upon the fertility of the soil, and especially upon the stage of growth of the

plant. In the majority of cases the number of samples analyzed is too few to give

a fair average. The figures, therefore, must be regarded as close approximations,

rather than as representing absolutely the exact fertilizing ingredients of the different

materials. (J. B. L.)

t Too high; 0.26 nearer correct. I Evidently below normal.
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B. Fertilizer Ingredients of Fodder Articles— Continued.

•Si

umber
Analye

u
itrogen

Otash.

hosphoi

Acid.

J?;

I.— Gkeen Fodders— Cojj.

(c) Legumes— Con.

2 75 0.68 0.58 0.12

1 80 0.48 0.60 0.13

1 80 0.59 0.37 0.10

(d) Mixed and Miscellaneous.

4 80 0.30* 0.30 0.14

2 83 0.21 0.12 0.02

1 85 0.44 0.54 0.09

1 85 0.26 0.53 0.14

1 85 0.29 0.39 0.14

1 80 0.69 1.08 0.13

1 87 0.37 0.76 0.12

1 85 0.34 0.78 0.10

7 80 0.27 0.27 0.11

1 70 0.47 1.18 0.06

II.— SILAGE.

7 80 0.42 0.39 0.13

1 76 0.65 0.36 0.35

3 74 0.26 0.62 0.14

5 79 0.42 0.44 0.11

III.— Hat and Dry Coarse Fodders.

(o) Meadow Grasses and Millets.

3 14 1.29 2.88 0.43

1 14 1.29 1.79 0.52

4 14 1.12 1.19 0.53

2 14 1.20 1.54 0.39

6 14 0.93 1.98 0.37

4 14 1.23 1.60 0.38

2 14 1.16 1.47 0.53

4 14 1.07 0.95 0.33

3 14 1.20 1.42 0.33

English hay (mixed grasses) 12 14 1.29 1.52 0.29

13 14 1.72 1.58 0.48

1 ir, 1.06 0.87 0.19

k; 1.18 o.;>5 0.18

1 16 1.05 0.64 0.23

* Too low; 0.43 nearer correct.
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B. Fertilizer Ingredients of Fodder Articles— Continued.

Number

of

Analyses.

Water.
Nitrogen.

i3
«
2
o

Is

III.—Hay and Dry Coabse Fodders— Con.

(fc) Cereal Fodders.

17 40 0.69 0.92 0.20

17 20 0.92 1.22 0.26

Oflts 3 15 2.45* 0.65

(c) Legumes.

6 15 2.26 2.10 0.63

3 15 2.14 1.16t 0.52

' 15 2.01 O 11 0.41

(d) Straw.

2 15 0.95 2.03 0.19

1 15 0.69 1.04 0.25

1 15 0.68 1.73 0.18

(e) Mixed and JUtscellaneous

.

4 15 1.29J 1.27 0.60

10 0.87 1.87 0.47

1 12 0.54 1.37 0.16

1 15 0.61 0.56 0.07

White daisv, 1 15 0.26 1.18 0.41

IV.— Vegetables, Fruits, etc.

78 0.12 0.17 0.01

1 78 0.46 0.48 0.17

8 88 0.24 0.44 0.09

4 86 0.24 0.52 0.11

Yellow fodder beets, 1 89 0.23 0.56 0.11

3 88 0.15 0.34 0.14

3 89 0.16 0.46 0.09

1 89 0.08 0.10 0.03

1 80 0.22 0.62 0.19

5 80 0.29 0.51 0.08

1 93 0.08 0.40 0.05

4 90 0.17 0.38 0.12

3 89 0.19 0.49 0.12

* Too high; 1.90 nearer correct. f Evidently below normal.

X Too low; 1.80 nearer correct.
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B. Fertilizer Ingredients of Fodder Articles— Continued.

Number

of

Analyses.

Water.
Nitrogen.

a:

O
HH

Phosphoric

Acid.

v.— Concentrated Feeds.

(a) Protein.

24 7.0 7.22 1.85 2.50

5 9.0 5.77 1.24 1.68

Linseed meal (old process), . . . . 4 8.5 5.36 1.20 1.77

9.5 6.05 0.06 0.43

1 7.0 5.74 0.08 0.70

Gluten meal (brand uncertain),. 5 8.5 5.09 0.05 0.42

5 8.5 4.24 0.06 0.34

8.0 3.68 0.86 1.06

1 8.0 4.97 0.17 0.24

2 10.0 2.79 0.76 1.27

10 10.0 2.36 1.40 2.10

1 8.0 3.04 0.58 1.02

1 14.0 3.27 1.55 0.95

White adzinki bean, 1 14.0 3.45 1.53 1.00

1 14.0 2.08 2.09 1.49

Soy bean (variety uncertain) 2 14.0 5.58 2.10 1.97

1 14.0 5.68 2.15 1.51

1 10.0 3.04 0.98 1.81

Peanut meal, 1 8.0 7.84 1.54 1.27

(b) Starchy.

1 13.0 1.56 0.34 0.66

13 11.0 1.82 0.40 0.70

3 14.0 1.92 0.34 0.71

29 11.0 1.38 0.46 0.56

2 12.0 2.00 0.45 0.95

Japanese millet seed 1 12.0 1.58 0.35 0.63

1 11.0 2.05

Buckwheat hulls, 1 12.0 0.49 0.52 0.07

1 7.0 2.30 0.63 1.34

8 8.0 0.52 0.63 0.06

3 11.0 0.75 1.08 0.18

Oat feed, 1 7.0 1.46 0.72 0.60

2 10.0 1.46 0.79 0.23

I
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B. FertQizer Ingredients of Fodder Articles— Concluded.

d
2 =

z

t

=
1

zL

V .— CoJfCKyTRATKD FKKM— C<H»

.

(i) SUarckg— Con.

1 13.9 0.80 0.48 0.1s

T » » , I II 1, 1 , 1 11.0 1.4S 0.83 1.70

I 11.V 1.91 WmWi 1.J*

Bye middlings. 1 11.0 1.8J 0.81 1.28

SchmnAcber's stock feed« ..... 1 8.0 1.80 O.CS O.S

S M.O 0.51 A MA

1 13.0 S.9S 0.51 0.81

s tt.0 s.0i 0.31 0.36

(e) PauUry.

1 8.0 9.B 0.53 0.98

1 8.0 u.n 0.30 0.73

VI.— Daikt Pkoduct?

M Dole Tniig, ....... V!

Hanuui milk, 3 88.1 O.M

SUm-mHk, S 90.3 0.50 0.18t :m
ButtrrmTTt, 1 91.1 0.51 0.05 0.04

Wfcey 1 98.7 0.10 0.07 0.17

Butter U7 12.5 0.10

* From Farrington and Woll. t From Woll*8 hjuidbook.



1902.] PUBLIC DOCUMENT— No. 33. 193

•119V
0.73t

1.00 3.27 3.44 4.51 4.65 4.50

1 1 1 1 1 1 ^ 1 1 1 1 1 1

•(<JZ-9X-N)
l)ano C-1 M ec (?< ©«

1

FAT.

4.32 2.52 3.00 0.32 0.27
17.60 83.31 81.48 35.83 25.62 16.72 18.35 31.66

1.50 1.66 3.00 0.05 0.11
10.53 77.95 72.21

•mnuiixBj;\[ 10.70
3.77 1.80 0.38

25.00 89.33 85.05

s § g? s g •»i< 1-1 eo (M (M o
<N o CI e<5 «D 1-1

g g S
O O rH

^ ^ ^
§5 S «

I I I I

jo jaquin^j

r-t er> O rH ^ CI CI <M

xi A <»

o c

o w «
5 Jj o

U M M





D. Coefficients of Digestibility of American Feed
Stuffs. — Experiments made in the United States.

COMPILED BY J. B. LINDSEY, ASSISTED BY NATHAN J. HUNTING.

Experiments with Ruminants.

Experiments with Swine.

Experiments with Horses.

Experiments with Poultry.

Dec. 31, 1901.
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Fat

(Per

Cent.).

54-67 58 60-72 68 48—85 62 55 60 52-54 52 51-56 62 37-83 68 78 76 74-82 78

Nitrogen-

free
Extract

(Per

Cent.).

65-77 71 64—68 67
64-

71

67 72 73
65-

67

66 67-68 68 64-79 71 76 74 67—61 69

Fibre

(Per

Cent.).

71-77 73
59-

63

62 65-76 70 74 77 54—58 56
60-

68

64 60-76 67 64 62 46—47 46

Protein

(Per

Cent.).

58-

70

65 45-57 50
59-

72

63 66 71 48-48 48 72—72 72 56—80 66 61 20-28 24

Ash
(Percent.).

45-67 56 52-58 55 31-33 32

Organic Matter

(Per

Cent.).

62-66 64 61-74 68 65-67 66

Dry
Matter

(Per

Cent.).

CD r-( ^ S
7^ ' ' § p IS ' ' 7s g s j^g
CD s s s s

M.
CO M OOr-li-teC C» i-iOS«ff»

Number of Different Lots.

Kind

of

Fodder.

I.

—

Green

Fodders.

(a)

Meadow

Grasses

and

Millets.

Barnyard

millet

in

blossom

(Mass.),

....

Japanese

millet,

bloom,

to

early

seed

(Storrs),

Hungarian

grass,

early

to

late

bloom.

Grass,

meadow,

young,

and

dried

(6)

Cereal

Fodders.

Corn

fodder,

dent,

immature,

Corn

fodder,

dent,

mature,

B.

&
W.,

coarse,

.
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Fat

(Per

Cent.).

41-68 41 44-69 61 64 66-67 66 56
53—

64

54-

58

66 43 36—39 87 44-61 47 48-51

Nitrogen-

free Extract

(Per

Cent.).

IS io IS S fS S TS IS 2 IS IS Is
CO 0> in aoeo moo
is ifs trf ta >a oco3

Fibre

(Per

Cent.).

eg ^ e* n

J^8 § Ts 2 Ts S '£ liS 3 Jr:
«o to S I- «o «>

Protein

(Per

Cent.).

40—65 59 64 60-62 61 69
60-

60

60 60
61-

63

62 61 67 43—44 43 70 66-69 68

Ash
(Percent.).

eg eg e<

^ao
Jg

I • • II • 1 ^ g II II

OrganicMatter

(Per

Cent.).

' ' ' 13 g • ' g ' ' ' ' • ' ' Ts

Dry
Matter

(Per

Cent.).

IS ig Ti s T§ § IS lig g IS ' ' '
•

S § 5 S3 8

SingleTrials.

Number of
Different Lots.

Kind

of

Fodder.

III.

—

Hay

and

Dry

Coarse

Fodders—

Con.

(a)

Meadow

Grasses

and

Millets

—

Con.

Mixed

grasses,

timothy

predominating,

.

Orchard

grass,

ten

days

after

bloom

Orchard

grass,

average

both

samples,

Me&dow

teacue

(Festucaelatiorpratensis),

Tall

oat

grass,

late

blossom

(Arrhenatherum

elatius)

,

Kentucky

blue

grass

(Poa/jro/cnsia),

Canada

blue

grass

{Poa

compressa)
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.8

Fat

(Per

Cent.).

- cl^ - PCD I- 00 t- k5

Nitrogen-

free
Extract

(Per

Cent.).

67-

67

67 68
68-

60

69 64-64 59 64-59 67 66-68 57 66 57—62 59 61 62—63 62 64-71 66

Fibre

(Per

Cent.).

00 00 tq r-l ©»<C
CO CO cococoo

^ 1^ 1^ ^ 1^ rl"S CO OtoSSec Peo

Protein

(Per

Cent.).

60 23 61—65 63 11-65 36 11-22 17 16-28 20 67-62 60 69—60 60 47 54-57 55 41-55 48

Ash
(Percent.).

Organic Matter

(Per

Cent.).

1

II
'

' ' '

'

*
'

'

'

'

*

Mat&r

(Per

Cent.).

64-66 65 64 61-64 62 63-62 67 63-66 63 54—67 56 63—64 63 61-69 66 58 69—60 60 60—68 65

Single
Trials.

Number of Different Lots.
rtl-Hi-l COrHi-li-l-HeOl-Irl

«

»
Q
O
Em

O
a

III.

—

IlAY

AND

Dry

Coarse

Fodders—

Con.

(a)

Meadow

Orasaes

and

Millets—

Con.

Cfit-tfiW

mmet(Pennesetumspicatum),

(6)

Cereal

Fodders.

New

corn

product,

stover

minus

pith,

ground.

Average

three

trials,

stover

minus

pith,

.

Corn

stover,

blades

and

husks
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Corn

fodder,
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mature

Barley

bay,
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Fat

(Per

Cent.).

!s % 18 %
I

lO 55 rH tt> 55 So a
3 ^83 S g 8
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Nitrogen.

free
Extract
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Cent.). ?a. o» Tt^ ^
IS IS \ ta io \ to l« IS
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(Per

Cent.).
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o
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Protein

(Per

Cent.).

69-

78

73 64—66 65 60—71 65 65
70—

71

71 0—25 6
36-45 41 32-41 36 44-46 45 54 64 44

Ash

(Per

Cent.).

ts l^i '§ s 7^ ' ' 7s fa 's ^

OrganicMatter

(Per

Cent.).

56-67 60 56-56 56 60 58

Dry
Matter

(Per

Cent.).

56-67 61 65-55 65 67—63 69 58 64—65 64 35-47 41 64-60 56 eo T«o
<^ J.

SingleTrials.
C« »0 I- « ec «D o w e» OS 00
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Different Lots.
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6
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Cotton-seedfeed
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.
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both
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Nitrogen-

free
Extract

(Per

Cent.).

S ?I o8 IS

Fibre

(Per

Cent.).

Protein

(Per

Cent.).

^ J2 § 7?;

Ash

(Per

Cent.).

1 1 1 II II

Organic
Matter

(Per

Cent.).

1 1 1 II II

Dry
Matter

(Per

Cent.).

o 00
t- t-

s s 4,f^

SingleTrials.
-H cv. cv. (J<

Number of Diflferent Lots.

ci^ Is I» Is
t~ -»< X t~

1^ 75—83 79 86—87 86

1 1
38-71 13-49 31 .6—28 14

40—76 68 74—77 76 65—70 68

S 00

20—32 26 6-37 22 31-36 33 9-49 29

II II II II II

84-93 88 40-59 60 67-77 72 73-78 76
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Literature.— The following publications have been con-

sulted in compiling the foregoing tables of digestibility : —
Colorado Experiment Station, Bulletin 8.

Connecticat (Storrs) Experiment Station, reports for 1894-96,

1898.

Hatch (Massachusetts) Experiment Station, reports for 1895-

99, 1901 ; Bulletin 50 and in unpublished recortls.

Illinois Experiment Station, Bulletins 43, 58.

Kansas Experiment Station, Bulletin 103.

Maine Experiment Station, reports for 1886-91, 1893, 1894,

1897, 1898, 1900.

Maryland Experiment Station, Bulletins 20, 41, 43, 51.

Massachusetts State Experiment Station, reports for 1893, 1894.

Minnesota Experiment Station, reports for 1894-96 ; Bulletins

26, 36, 42, 47.

Mississippi Experiment Station, report for 1895.

New York Experiment Station, rei)orts for 1884, 1888, 1889

;

Bulletin 141.

North Carolina Experiment Station, Bulletins 80c, 81, 87d, 97,

118, 148, 160, 172.

Oklahoma Experiment Station, Bulletins 37, 46.

Oregon Experiment Station, Bulletins 6, 47.

Pennsylvania Experiment Station, reports for 1887-94, 1897,

1898.

Texas Experiment Station, Bulletins 13, 15, 19.

Utah Experiment Station, Bulletins 16, 54, 58.

Wisconsin Experiment Station, report for 1889 ; Bulletin 3.



INDEX.

Agriculturist, report of, 11-^
Alfalfa SLS a forage crop, ... 52

fertilizers used for. 53

yields on Field B, 54

yield, with and without lime, ,>4

Analysis of animal excrement, 120

ashes, meals, marls, lime, compounds, etc., 111-113

chemicals, refuse salts, etc., .110
dairy products, .193
frnite, 1.33

gMdm crops, 135

gnanoe, phosphates, US
insecticides, 147

refuse substances, . 113-119

Asparagus rust in Massachusetts, 69

Aster stem rot, .68
Barley, relative yield on muriate and sulfate of potash. . 18

Beets, table, nitrogen fertilizers for, 22

Birches ( cut leared)
,
dying of, 58

Bone-black, dissolved, effect on grass crop. 37

promotes ripening of onions, 41

renders use of lime less needed for onions, 41

steamed, slower in action than raw, 29

Botanist, report of, 57-85

Brazilian millet, the same as pearl millet, 56

Brown-tail moth, • . 87

Cabbages, muriate r. sulC&te of potash for, 19

phosphates for, 18

relative yield on muriate and sulfiate of potash, ,23
Carbonate of potash for wheat and com, .... . 30. 31

Carnation stem rot, .67"
Cattle feed inspection, 152

Chrysanthemum rust in Massachusetts, .... . . 59-61
" stem rust, .67

CloTcr, good on phosphate and potash, . . 19

proportion in mowings affected by fertilizer, 38

relative yield on muriate and sulfate of potash, 19

CoBFFiciEjrrs of digestibii.itt of American feed stuffs :

experiments with horses, 214

poultry, 214

ruminants, 196-212

swine, 213

Composition and digestibility of concentrated feeds, 181

green fodder, 182

hay and dry, coarse fodders. . . 177

silage, .... 177

vegetables, fruit, etc 180
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PACl

Corn, crops on manure alone v. crops on manure and potash, . . .42. 43

ensilage, food value of different varieties, products of equal areas, . 34

cnsila^^e variety test, 32-34

Corn, potash-rich fertilizers for, 43

relative yields, manure spread in winter or in spring 48

Dairy legislation, loG

Desiccation, effects of, on soil, 62

Elm-leaf beetle, 87

Feed, effect of, on composition of milk, 162-108

on consistency of body of butter, 162-168

Fertilizer ingredients of fodder articles 188-192

Fertilizers :

effect of, on proportion of clover in mowings, 38

for garden crops, 20

special, affected by experiment station results, 43-46

Florida phosphate, a slow-acting fertilizer, 29

Fungi :

affecting elm, r)8

linden, .OS

maple, 58

oak, ri7

sterilization of soil in greenhouses for, 74-8')

Garden crops, fertilizers for, 20

sulfate V. muriate of potash for, 23

Grass, soil test with, 35

yields on different fertilizers, 35, 36

Gypsy moth, 87

Hay and rowen, yields on fertilizers rich in potash, 36

Hay, yield on manure alone compared with yield on manure and potash, . 46

Insecticides, analysis of, 147

Kainite for wheat and corn 30, 31

Lime, effects on yields of onions in soil test, 39

most useful with muriate of potash and nitrate of soda 41

yields of alfalfa with and without, 53, 54

Mand's Wonder forage crop, the same as pearl millet, . . 56

Manufacturers and dealers taking out certificates, 99

Manure alone v. manure and potash, 42

and potash, more profitable than manure alone, ..... 43

application of, previous history of plots, 48

time of application, 50

time of application of, yields of corn and millet, 51

use in soil test, 35

Melon diseases :

anthracnose, 63-66

blight, 63-66

downy mildew, 63-66

Millet, pearl, false names of, 56

relative yields, manure spread in winter or in spring, 51

Nitrate of soda as nitrogen fertilizer, superior value of, 20

effect on grass crop, 37

for rowen, 47

sulfate of ammonia and dried blood for garden crops, .... 20

Nursery inspection, 87

Onions, ripening favored by dissolved l)ono-black, 41

soil test with, • .... 39

yields with and without lime, 41
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I'AGK

Pearl millet, identical with so-called Hand's Wonder and Brazilian, . . 56

Phosphates, different, compared on basis of equal ])hosphoric acid, ... 28

equal money's worth compared, 28

for cabbages and turnips, yields and relative standing, .... 27

for field crops, relative efficiency, 30

for oats, yields and relative standing, 26

for onions, yields on diflFerent, 29

natural, good crops po8sil)le with, 24

relative value of different, 24

Phosphoric acid, etc., found in fruits, etc., 142

Potash, fertilizers rich in, compared with special corn fertilizers, ... 43

fertilizers rich in, for corn, 45

highly essential for onions, 41

largely increases rowen crops, 48

muriate compared with sulfate, 17

sulfate superior for early crops, 22

sulfate V. muriate for garden crops, 23

Potassium oxide, etc., found in fruits, etc., 142

Potatoes, relative yield on muriate and sulfate of potash, 18

Reports :

chemist (fertilizers), 91-148

chemist (foods and feeding) , 149-216

entomologist, 86-88

meteorologist, 89, 90

treasurer, 9, 10

Rowen, much better when potash fertilizers are used, 45

nitrate of soda for, 47

San Jo86 scale, 88

Slag, phosphatic, a good fertilizer, 29

Soil, effects of desiccation on, 62

sterilization of, in greenhouses for fungous diseases, 74

Soil tests, fertilizers used in, 34

Soil test with onions, 39

Sterilization of soil in greenhouses for fungous diseases, 74

Summer forage crops, notes on, 169




