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Despite the fact that the potato is one of the most, if not the most,

important vegetable foods we have, and although it is served twice

daily in the majority of households the year around, the factors

affecting its culinary qualities have not been made the subject of

much inquiry. Little or no information is to be gleaned from the

cookery books, our source of knowledge being limited to one impor-

tant, and several minor articles that have appeared from time to time

in scientific journals, or elsewhere.

Review of Literature.

Coudon and Bussard^ published in 1897 an important paper on the

relation between the composition and culinary quality of potatoes.

They used in their study both culinary and forage potatoes, 34 varie-

ties in all, which had been grown on the same field at Joinville.

In agreement with other observers the authors found that the com-
position of the potato varied with the part of the tuber considered.

The cortex was higher in dry matter and contained more starch and
relatively more albuminoid nitrogen, though less total nitrogen, than

1 Coudon, H., and Bussard, L., Recherches sur la pomme de terre alimentaire,

Ann. Sci. Agron., 2d ser., i, 1897.
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the medulla. The medulla, again, which in the potato is not well

defined morphologically, they divide into an outer and middle zone.

The former was richer in dry matter and starch than the latter, but

contained less total nitrogen, though a relatively higher percentage of

albuminoid nitrogen. The general results obtained by them are indi-

cated in the following table in which the data for two varieties of

potatoes are given.

Table I.

—

Composition of the Various Tissues of the Potato.

Tissue Examined.
Water,
Per-
cent.

Starch,
Per-
cent.

Nitro-
genous
Matter,
Per-
cent.

Albuminoid Matter in Per-
cent, of Total Nitrogenous

Matter, Percent.

Cellu-

lose,

Per-

cent.

Ash,
Per-
cent.

Variety: Blue geante.

Tuber 82.84 7.460 2.274 70.7 1.664 1.956

72.47 21.136 I.9IO 63.9 0.523 1.239

74-33 19.783 1.876 54.7 0.349 1.065

81.72 12.299 2.137 41.

1

0.428 1. 161

Variety: Czarine
Tuber 82.21 8.751 2.249 77.2 1.049 1.657

72.92 22.452 1.844 73.4 0.341 I.OI5

78.87 15-640 2.166 S7.2 0.380 0.866

84.48 10.504 2.173 53-S 0.332 0.954

In their culinary tests the authors prepared the potatoes according

to the four methods most used in kitchens. The potatoes were fried,

mashed, stewed, and made into salad. When the potatoes were judged

from the point of view of appearance only, they found that all the

varieties gave excellent fried potatoes ; that for stews and salad pur-

poses those varieties that remained firm when boiled gave satisfactory

results ; and that the best mashed potatoes were made from those that

completely disintegrated on boiling. When, however, the potatoes

were judged from the point of view of taste, absolutely different

results were obtained. They found that the potatoes could be readily

grouped, but that the grouping so made did not follow at all that made
on the basis of apparent suitableness for the various methods of

cooking tried. The quality of the potatoes decreased as mealiness

increased. Potatoes of good quality remained firm when boiled.

Potatoes of poor quality disintegrated completely.

The major part of their investigation, however, was given over to

a study of the effect of the chemical composition on the quality of

potatoes. Coudon and Bussard found that there existed no relation

between starch and quality, although generally the very good potatoes

contained less starch than those of poor quality, as will appear from

the following table.
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Table II.

—

Relation of Starch to Quality in Potatoes, Shozun in Terms of Per-

centage of Starch in Potatoes of Different Grades.

Very Good Potatoes. Good Potatoes. Moderately Good
Potatoes.

Poor Potatoes.

Max. Min. Max. Min. Max. Min. Max. Min.

13.747 10.652 15-575 12.790 17.126 12.337 19-327 11.999

They also established the fact that the total nitrogen content

of the different varieties of potatoes was subject to irregular varia-

tions and that it could not, in consequence, be made a basis upon

which to establish quality per se. However, when the ratio,

total nitrogenous matter X 100
, , , , ,

g^^j.^^
' "^^^ taken, the potatoes could be

classed in order of merit. Thus those potatoes were of very good

quality in which the ratio was 21-25, of good quality in which the

ratio was 17-19. Those of moderately good quality gave a ratio

above 16, and those of poor quality gave a ratio falling below 16.

They also found that, while mealiness in potatoes was generally the

concomitant of a high starch content, this was not invariably true, and,

therefore, no conclusion regarding mealiness could be drawn therefrom.

Nor did the amount of pectic acid present bear any relation to the

, r 1. • albuminoidmatter X 100
presence or absence of mealmess. The ratio, r ,

S'tarcn

bore, however, a distinct relation to mealiness. When the potatoes

were divided into the groups, not mealy or only slightly mealy, appre-

ciably mealy, and mealy, Coudon and Bussard observed that a certain

gradation existed between the groups. In non-mealy or only slightly

mealy potatoes the ratio gave 8.5 to 14 ; in the slightly mealy potatoes

it gave 6.6 to 8.4 ; and in the mealy potatoes, or those that completely

disintegrated on boiling, it gave 4.3 to 6.6.

Petermann^ in his studies on the potato found that Coudon and
-n J, .

J.
total nitrogenous matter X 100

Bussard s criterion of quality, ^
z . was

starch
'

not absolutely trustworthy. On the other hand he substantially con-

firmed the conclusions of these authors regarding the value of the
. albuminoid matter X 100 . . , , ,

ratio, 7—
, as a criterion of mealiness. He found

starch

that in non-mealy potatoes the ratio varied between 6.8 and 10.6; in

moderately mealy potatoes the ratio varied between 6.4 and 7.9, and
in very mealy potatoes between 6.2 and 6.5.

2 Petermann, A., fitudes sur la pomme de terre, Institut Chimique et Bac-
teriologique de Gembloux, Bull. 20, 1901.
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Gilmore,^ dififering in this respect from Condon and Bussard, laid

some emphasis on the relation between starch and quality, and con-

sidered that potatoes containing less than 17 percent starch would

hardly meet the culinary standard of the United States. He also

pointed out that some varieties of potatoes lose in quality on being

stored, decreased mealiness, change of color, and the development of

undesirable flavors being among the changes wrought.

The relation of the internal appearance of potatoes to quality was

also considered by Gilmore. He was of the opinion that a thick and

dense cortex indicated potatoes of a poor quality, while in those of

good quality the cortex was not too highly differentiated from the

external medulla. Again, in potatoes of good quality the internal

medulla should not be very prominent.

Ashby* in his studies used the Up-to-date variety of potato only.

He found that the potatoes of good quality showed a higher dry

matter and a lower total nitrogen content than those of inferior qual-

ity. The potatoes further showed very markedly a higher non-proteid

nitrogen and corresponding lower proteid nitrogen content than the

potatoes of poor quality, the proteid nitrogen being determined by

adding the insoluble " nitrogen to that contained in the precipitate

formed by boiling for three minutes after the addition of a few drops

of 5 percent acetic acid.

Harcourt^ analyzed a number of potatoes from several sources and

tested them for flavor, mealiness, and appearance when boiled. It

should be noted that the potatoes contained on the average 0.5 percent

of sugar when the tests were made, which was not until the latter

part of April, a time, in the author's estimation, when late varieties

of potatoes would score higher than early varieties. This opinion is,

however, not borne out by the data, as the following table shows.

Table III.

—

Relative Score of Late and Early Varieties of Potatoes from
Various Sources.

Late Potatoes. Early Potatoes.

No. Varieties Tested.

Score.

No. Varieties Tested.

Score.

Max. Min. Mean. Max- Min. Mean

.

15 96 6 56 26 91 14 61.69

3 Gilmore, F. W., Quality in Potatoes, Cornell University Agr. Expt. Sta.

Bull. 230, 1905.

* Ashby, S. F., A Contribution to the Study of the Factors Affecting the

Quality and Composition of Potatoes, Journ. Agr. Sci. i, 1905-06.

Harcourt, R., Composition and Cooking Qualities of Potatoes, Farmer's

Institutes of Ontario, 12th Report, 1907.
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Experiments.

In undertaking in our turn a study of the factors affecting the

culinary quaHty of potatoes we will consider first the technique we
were led to adopt, as, in a subject like the one under consideration,

the methods employed in obtaining the data used in formulating our

conclusions are of considerable importance, and especially so since

organoleptic qualities are the foundation upon which our judgment

must rest. Secondly, we will consider the relation of chemical com-

position to quality
;
thirdly, the relation of the structure of the potato

to quality
;
fourthly, the effect of methods of cooking on quality

;
and,

fifthly, the effect of storage on cooking quality.

Technique.

In describing the technique followed during the course of our

studies, we will consider first our methods of cooking and judging the

potatoes, for they form both the point of departure and point of

arrival.

Methods of Cooking.—The potatoes were baked and steamed en

robe de chambre, boiled and fried. The baked potatoes were cooked

in a gas oven at 200° C, previous experience having shown that this

was the most suitable temperature for the purpose, and the steamed

potatoes after the usual manner in a " steamer." The boiled potatoes

were peeled, halved when rather large, rinsed and cooked for the

required length of time, each variety in a separate vessel. The fried

potatoes were quartered and fried in a deep bath of cottonseed oil at

a temperature of 183-189° C. As is well known, potatoes darken

more or less rapidly when peeled, and, to prevent the discoloration,

the usual kitchen practice is to drop the esculents into water as soon

as they are peeled, when intended for boiling, but to place them on ice

or in iced water when they are to be fried. In the case of the fried

potatoes we used both the ice and cold water methods.

The organoleptic qualities of the potatoes were passed upon by a

jury composed of four members, all of whom were on the staff of the

Home Economics Department of the University of Wisconsin. The
composition of the jury, except for the unavoidable absence now and

again of a member for whom, however, a substitute was always

obtained, was not changed during the course of the experiments. In

judging the potatoes each member acted autonomously, and recorded

her observations in a notebook especially prepared for the purpose.

The jury, in examining the potatoes, did not pass judgment upon the

samples regarding their suitability for cooking by the different meth-
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ods used, but simply noted the degree of absence or intensity of the

characters that are considered essential to quality in potatoes baked

or steamed en robe de chambre, and in potatoes boiled or fried. The
jury examined the potatoes submitted to them, and recorded the result

of their degustations as per the following schedule prepared for their

guidance. The conventional signs used to denote absence or presence

of the characters which a potato may exhibit were: o for absence, i

for slight development, 2 for marked development.

Juror's Memorandum.

( Baked, steamed, and boiled potatoes is white.

I Fried potatoes is golden brown.

Potatoes Baked Potatoes Steamed

The standard color of

en Robe de en Robe de Potatoes Boiled. Potatoes Fr
Chambre. Chambre.

Discoloration 0.1.2 Epidermis Discoloration 0.1.2 Discoloration

broken .

.

. 0.1

Mealiness . . 0.1.2 Discoloration 0.1.2 Mealiness .. 0.1.2 Mealiness .

.

Aroma^ . .

.

. 0.1.2 Mealiness . . 0.1.2 Aroma^ . . . . 0.1.2

Sweetness . . 0.1.2 Sweetness . . 0.1.2 Sweetness .. 0.1.2 Sweetness .

.

Bitterness . . 0.1.2 Bitterness . . 0.1.2 Bitterness .. 0.1.2 Bitterness .

.

Flavor 0.1.2 Flavor .... . 0.1.2 Flavor .

.

. . . 0.1.2 Flavor

0.1.2

0.1.2

0.1.2

0.1.2

0.1.2

^ Characterize when possible.

As soon as cooked, the potatoes were put on plates and placed

before the jury. To obtain the optimum palatal sensitiveness, we
arranged to have the potatoes ready for degustation several hours

after the last meal and palatal fatigue during the process of tasting

was reduced as much as possible by requiring the jurors to rinse their

mouths with water after every examination.

As the slight aroma which a potato has is only detected while it is

very hot, and as we further found that the jury came to no semblance

of agreement regarding its quality, we soon abandoned the idea of

maintaining this item in our schedule. It should also be noted that

potatoes lose their mealiness on cooling, which fact led the jury to

agree that the note given by the member who first examined the

potatoes was to be used in preference. It should be noted further

that when the jury did not show a majority in favor of any given

opinion, the cook either cast the deciding vote or we accepted the

judgment of the most experienced juror.

The jury having passed upon the potatoes as directed in the above

schedule, it remained for us, in order to arrive at their relative qual-

ity, to assign a numerical value to each of the organoleptic units.

This was a matter of no small difficulty and with some hesitation we
finally drew up the following score card. *
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Score Card for Cooked Potatoes.

Potatoes Baked, Steamed, and Boiled.

Discoloration 20

Mealiness 30

Sweetness 30

Bitterness 20

Potatoes Fried.

Purity of color 30

Discoloration, internal 20

Sweetness 30

Bitterness 20

It will be immediately observed that we have given no place in our

score card to flavor, having found it necessary to exclude this item

owing to lack of agreement of the jury. It does not appear, however,

that the omission is as serious as would at first be thought, since a

potato passed as moderately fair according to the standard set, i. e.,

60 points of a possible 100, was not found to have any objectionable

flavor. This we believe amply justifies its rejection.

In a study of the factors governing quality in potatoes, it is of first

importance that the jury be not influenced by extraneous circum-

stances, and that its opinion regarding the absence or presence of

any quality should be consistent. In this respect the jury whose

services we have been fortunate in enlisting has proved more eflicient

than we dared hope it would. Taking the presence or absence of the

quality sweetness, which is readily checked by chemical analysis, it

will be seen from the following table that the jury has in only a few

instances returned a verdict at variance with facts. A variety of

potato containing, for instance, x reducing sugar and adjudged not

sweet should not, ceteris paribus, be returned as sweet if, on another

occasion, it contained x/y reducing sugar. As will be seen however,

the errors of this kind were few, there being none in the case of the

steamed potatoes en robe de chambre, 15 percent in the case of baked

potatoes and about 16 percent in the case of boiled potatoes.

The fact brought to light in these tables, that, apart from the influ-

ence of the process of cooking, sweetness in the potato is not depend-

ent on the amount of reducing sugar present, except in the varieties

considered individually, is somewhat remarkable and will be con-

sidered at some length in the body of this paper.

Methods of Analysis.—The aliquotes used for the various deter-

minations were taken from samples approximately one kilogram in

weight. The potatoes containing the samples were washed, dried, and
ground in a meat chopper into as fine a pulp as possible. A part of

this pulp was used for determinations of acidity and dry matter and
the remainder dried in a steam oven. The determinations of reducing

sugar, starch, total nitrogen and albuminoid nitrogen were all made
from the dried pulp after it had been ground in a mill until it would
entirely pass through a 40-mesh sieve.



8 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY.

Table IV.

—

Degree of Sweetness as Determined by the Jury Contrasted with

the Reducing Sugar Content as Determined by Chemical Analysis.

A. Potatoes steamed en robe de chambre.

Sweet-
Reduc-

Sweet-
Reduc-

Sweet-
Reduc-

Sweet-
Reduc

Variety. ing ing ing ing
ness. Sugar. ness. Sugar. ness. Sugar. ness. Sugar.

Triumph 0.59 I 0.97 0.43 0.22

American Wonder 0.88 0.85 0.65 I 0.05

Rural New Yorker 0.17 1.01 0.24 Trace
0.15 I 1.25 0.16 0.08

0.42 0.86 0.31 0.13

Red Alcohol O.IO I 1.42 0.31 0.15

I 0.43 I 1. 10 0.38 ° 0.37
I 0.53 I 1.22 I 0.4s 0.40

I 0.43 I 1.04 I 0.39 I 0.65

B. Baked potatoes.

0.59 I 0.97 I 0.43 I 0.22

0.88 0.85 I 0.65 0.05

0.17 I 1.01 I 0.24 Trace
I 0.15 I 1.25 I 0.16 I 0.08

I 0.42 0.86 0.31 0.13

Red Alcohol 2 O.IO 2 1.42 0.17 0.15

2 0.43 I 1. 10 I 0.38 0.37

0.53 1.22 I 0.45 I 0.40

0.43 I 1.04 0.39 I 0.65

c. Boiled potatoes.

0.59 I 0.97 0.43 I 0.22

I 0.88 I 0.85 0.65 0.05

0.17 I I.OI 0.24 Trace

Early Ohio 0.15 1.25 0.16 0.08

0.42 2 0.86 0.31 0.13

Red Alcohol I O.IO 1.42 0.17 0.15

I 0.43 I 1. 10 0.38 0.37

I 0.53 2 1.22 0.45 0.40

0.43 I 1.04 0.39 0.65

^ Owing to an oversight we did not make " total sugar " determinations. As,

however, the amount of non-reducing sugar present in potatoes is usually small,

the error arising from the omission is probably negligible.

Dry Matter.—A convenient sample of fresh pulp was dried to a

constant weight in a steam oven.

Acidity.—A sample of fresh pulp weighing about 20 grams was

extracted with cold water for two hours, then filtered through a

fluted filter into a graduated flask of 250 c.c. capacity. The residue

on the filter was then washed repeatedly with cold water until the

volume of the filtrate reached 250 c.c. The solution was then boiled

to destroy the coloring matter with which it is more or less charged,

and to eject the CO2 present. While still hot it was titrated with
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N/io KOH, phenolphthalein being the indicator used, and the acidity

calculated as sulphuric. (It should be noted that the extract, as was

detemiined directly, contained no volatile acids, and no loss was,

therefore, incurred by boiling the solution before titration.)

Reducing Sugar.—A five-gram sample of the dried pulp was ex-

tracted with IOC c.c. water for two hours, 5 c.c. of alumina cream was

then added, and the mixture filtered through a fluted filter into a 250

c.c. graduated flask. The contents of the filter were then washed

with successive portions of cold water until the volume of the filtrate

was made up to 250 c.c. The reducing sugar was precipitated by

Fehling's solution, following the Defren O'Sullivan method.^

Starch.—Starch was determined in the dried sample in a number

of instances by both the diastatic and acid hydrolysis methods. As
both methods gave results that did not differ materially, as will appear

from the following table, the latter was finally used exclusively. The
analytical methods followed were essentially those of the Association

of Official Agricultural Chemists.^ In the case of the diastase method,

however, we did not extract the sample with alcohol and ether to

remove the fats, as the potato contains only a negligible amount of

these substances.

Table V.

—

Showing Relative Amounts of Starch Obtained by Diastatic and

Acid Hydrolysis.

Potatoes received November 17, 1910.

Variety. Diastase. Acid.

17.84

15.27 15.78

14.87 15-35

15.29 15.70

Early Rose 16.01 16.60

17.39 16.19

14.30 14.61

13.73 14.13

Total Nitrogen.—The total nitrogen was determined in a 2.5 gram
sample by Gunning's method. The titrations were made with

sulphuric acid and A/'/i4KOH, cochineal being the indicator

used.

Albuminoid Nitrogen.—The sample for the albuminoid nitrogen

determination was ground to an impalpable powder in a mortar, and

^ Sherman, Organic Analysis.

9 Official Methods of Analysis, U. S. Dept. Agr. Bu. Chem. Bull., 107 (revised),

p. 53 et seq., 1910.

10 Ibid., p. 7.
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the analysis was made using one gram as prescribed by the official

method.

Source of Material.—The potatoes used in our experiments were

all grown on the same field at Spooner, Wisconsin. When we first

outlined our work, following Coudon and Bussard, we thought it a

matter of some importance that the potatoes used should all have

been grown on the same field. This, however, as a little consideration

will show, is not essential, nor even necessary. If soil and climate

are to be among the factors considered, then the potatoes must be

grown in several types of soil under the same climatic regimen, and

in a given or given soils under dissimilar climatic conditions. But if

the factors considered are simply those of environment after harvest,

chemical composition, and structural characteristics, it matters not

whether the potatoes were obtained from one or many sources. When,
therefore, we say that the potatoes used in the experiments about to

be considered were all obtained from the same source, we only wish

to record, not to lay any stress on the fact.

The Relation of Chemical Composition to Quality.

The factors that we will consider in studying the relation of chem-

ical composition of the potato to quality are : water, dry matter, starch,

total nitrogen, albuminoid nitrogen, sugar and acidity. In other

words, most of the constituents that are present in sufficient quantities

to permit ready quantitative determination. As fat and ash occur in

small amount in potatoes (the average for a number of experiments

giving for the former 0.15 percent and for the latter 1.09 percent),

we did not include them in our analyses as we felt that their role in

determining quality would in all probability be small. The value of

a cellulose determination being also somewhat doubtful, we likewise

omitted it from our analyses.

While the substances of which the potato is composed cannot be

considered as independent of one another in their relation to quality,

they nevertheless must all have some definite and individual action,

perhaps neutral, perhaps negative or positive. What the nature of

this action is will be best brought out, we believe, by considering the

several items in our analyses under separate captions.

Water.—The potato contains from a little less to more than 75
percent of its weight of water. We may, therefore, ask what influ-

ence does this varying amount of water have upon its quality.

11 Official Methods of Analysis, U. S. Dept. Agr. Bull. Bu. Chem., 107 (re-

vised), p. 38.

12 Konig, Chemie Nahrungs und Genussmittel, i, p. 713, 1903.
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If we consider mealiness^^ alone, we find that the data of Coudon

and Bussard indicate that as a rule it is greater when the water con-

tent of the potato is relatively low. Thus the range of water content

of non-mealy potatoes varied from 75.63 percent to 81.19 percent, the

mean for twelve varieties being 79.94 percent; for slightly mealy

potatoes the range was 74.41 percent to 80.82 percent, with a mean

for five varieties of 78.30 percent ; for very mealy potatoes the range

was 73.35 percent to 79.94 percent, with a mean for six varieties of

75.86 percent. The results obtained from the data of Harcourt, the

potatoes being grown on different soils and under different climates,

give for mealy potatoes a range of 73.39 percent to 80.48 percent,

the mean for 19 varieties being 77.36 percent; for non-mealy or only

slightly mealy potatoes the range was from 76.16 percent to 81.70

percent, the mean for seven varieties being 79.13 percent. In our

experiments we have obtained the results given in Table VI.

Table VI.

—

Percentage of Water in Potatoes Showing Various Degrees of

Mealiness.

A B C

Variety.
Mealy. Slightly Mealy. Not Mealy.

Water. Water, Increase Water, Increase
Percent. Percent. over A

.

Percent. over A

.

76.83

77-66

77.26

76.64 77.24 0.60 76.72 0.08

78.20 1.56

79.02 76.82 — 2.20

78.34 -0.68

79.22 0.20

Early Ohio 78.72 78.40 -0.32
78.66 — 0.06

79-03 0.31

78.12 77-60 -0.52 77-55 -0.57
78.23 O.II

Red Alcohol 76.76 77.48

76.95

77-15

75-72 75-64 -0.08 76.88 1. 16

76.41 0.699

79-47 0.66

78.81 79-31 0.50

77-74 80.34
79.62

79-76

While the results given in the table do not support in a definite

manner the view that the amount of water in the potato has an influ-

^3 Vide addendum.
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ence on the degree of mealiness of the cooked tuber, they are never-

theless suggestive, it seems to us, when one considers the conditions

under which they were obtained. The results obtained from the data

of Harcourt, and Coudon and Bussard, apply to different varieties of

potatoes while ours refer to changes in the degree of mealiness and

percentage of water in the same varieties, the change having taken

place during storage. We should, therefore, expect differences in

water content to be but slight, especially if other factors besides water

have, as we shall see, an influence on the degree of mealiness.

Besides the direct evidence we have given, it may be adduced from

current kitchen practices that water has some influence on the degree

of mealiness in potatoes. For instance, as soon as boiled potatoes are

cooked and the water drained from the stewpan they are improved

by being set on the back of the stove where, covered by a cloth, they

are allowed to steam a few minutes; in drying, the potatoes become

mealier than they were. Again, potatoes baked en robe de chambre

are opened as soon as cooked if they have not burst of their own
accord, which happens but seldom, to let the vapor out: if this were

not done the potatoes would be soggy. Furthermore it should be

noted that, ceteris paribus, the cortex of the potato is always mealier

than the medulla, which difference corresponds to a well-marked

lower water content, as the following table shows.

Table VII.

—

Percentage of Water in the Cortex and Medulla of Different

Varieties of Potatoes.

Percentage of Water in

Variety. Cortex, Percent. Medulla, Percent.

Burbank 73.98 78.82

77.42 79.02

79.04 80.68

Early Ohio 74-90 78.73

76.77 79.73

77.94 80.83

Early Rose 78-97 83.81

79.73 83.74

McCormick 74.29 7S.8i

Rural New Yorker 79.26 84.16

80.38 85.17

Triumph 75-38 80.48

80.18 83.48

80.48 84.43
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From the above table we find that the maximum difference in

water content between the cortex and medulla in the potatoes exam-

ined was 5.10 percent, the minimum, 1.52 percent, and the mean,

3.52 percent. Calculating from the data of Coudon and Bussard, we

find that the average difference in water content between mealy and

non-mealy potatoes is 4.08 percent and from the data of Harcourt,

1.77 percent. These figures are suggestive, as it is known that the

difference in mealiness between the cortex and medulla in potatoes

shows not infrequently as marked variations as are found between

different varieties.

Dry Matter.—It follows from our study on the effect of different

percentages of water of constitution on the degree of mealiness of

potatoes that the influence of the dry matter as a whole must be the

converse of that of water. There is, therefore, no need for us to

dwell further upon it.

Starch.—Gilmore advanced the view that potatoes containing less

than 17 percent starch, under the criterion of excellence existing in

the United States, could not be considered as being of good quality.

Coudon and Bussard had previously shown, however, that the amount

of starch in potatoes was no guide to their quality as a whole, nor to

their mealiness in particular. Their results are summarized in the

following table.

Table VIII.

—

Relation of Starch to Quality and Mealiness in Potatoes.

Quality of Potatoes.

Percentage Starch.

Max. Min.
Mealiness of Potatoes.

Percentage Starch.

Max. Min.

Excellent

.

Very good
Good
Poor

13- 747
12.790

14- 530
19-327

10.656

15-575

12.337

11.999

Very mealy. . .

Slightly mealy
Not mealy. . . .

19-327

17-454
17.126

13.520

11.999
10.653

It may also be gathered from the data of Harcourt that no relation

exists between percentage of starch and quality, or percentage of

starch and mealiness.

Table IX.

—

Relation of Starch to Quality and Mealiness in Potatoes.

Quality of
Potatoes.
100 Points
= Perfect.

Percentage Starch.
Mealiness.
40= Perfect.

Percentage Starch.

Max. Min. Max. Min.

80-100 20.14 13.02 30-40 20.74 13.02
60-80 20.74 10.38 20-30 18.41 10.38

40-60 17.76 11.54 10-20 15.29 9-57
20-40 13-25 9.57 O-IO 17.65 12.78
0-20 15.90 12.78
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We have in turn confirmed the above results, as shown in Table X.

Table X.

—

Relation of Starch to Quality and Mealiness in Boiled Potatoes,

Variety.
Quality,

loo Points Perfect. Starch. Mealiness.

Early Ohio 90 15.70 Mealy
90 15.35 Mealy
85 17.85 Mealy

Early Rose 80 16.60 Mealy

75 14.13 Slightly

65 14.61 Mealy
Red Alcohol 50 16.19 Slightly mealy

It is, therefore, clear that the percentage of starch has no direct

influence on the quality or degree of mealiness in potatoes.

Total Nitrogen.—The total nitrogen in the potato is lowest in the

cortex, and increases in amount as one approaches the medulla, while

the converse is true in the case of starch. Nevertheless Coudon and

Bussard found that when the ratio.
total nitrogenous matter X 100

starch

was determined it afforded a fairly accurate means of determining

the relative quality of potatoes. The value of this ratio has since

been questioned by Petermann, and, while the potatoes with which

we have worked have not shown quite as wide a variation as desirable

to fully test its value, we believe that enough evidence has been

gathered to show that it is rather questionable.

Table XI.

—

Relation between Quality and the Ratio
Total Nitrogenous Matter

Starch

in Potatoes Boiled after Different Treatments.

All scores are on the basis of 100 points = perfection.

Variety.

In Potatoes

Received.

After
Storage at

15° C. for

28 Days.

After
Storage at

8-11° C. for

34 Days.

After
Storage at
20° C. for

21 Days.

After
Storage at

8-11° C. for

34 Days.

After
Storage at
20° C. for

21 Days.

_o' <u (U 6 6 du

C/} Pi CO Pi CD

Rati
Scor

Rati u
ai

70 12.2 85 12.8 70 12.

1

15 6.0 15 7.5

75 19.2 70 19.6 75 18.3 50 17.8 15 8.9 8.3

90 19-3 60 20.4 75 I9.I 65 18.7 15 10. 15 8.8

Early Ohio 90 18.2 85 19.0 85 17.4 85 I9.I 15 8.3 15 8.8

80 17-3 30 18.5 65 16.3 75 15.9 15 8.5 15 8.3

Red Alcohol 50 18.9 50 19-5 75 18.0 65 16.6 15 9.8 15 9.4

85 17.7 55 18.

1

75 17.8 75 17.5 15 9-3 15 8.2

65 19-3 20 19.5 70 18.2 70 18.7 9.4 15 8.7

75 17.4 25 17.8 75 17.0 75 16.8 15 8.3 15 8.4
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It will be remembered that Condon and Bussard found that the

. total nitrogenous matter X loo
ratio, starch '

potatoes of excellent quality

ranged between 21.2 and 25; for potatoes of good quality between

16.9 and 18.8; for fairly good potatoes between 16.1 and 17; and for

poor potatoes between 84 and 15.8. It will be seen on consulting the

, . , ,
. total nitrogenous matterX 100

above table that m no case does the ratio, :
,

starch

as determined by us, reach as high a value as they found existing in

varieties of superior quality. We find that the ratio varies for

potatoes of excellent quality ' (90-100 points) between 18.2 and

19.3; for potatoes of very good quality (80-90 points) between

12.8 and 19.1 ; for potatoes of good quaHty (70-80 points) between

12. 1 and 19.6; for fair potatoes (60-70 points) between 16.3 and

20.4, and for poor potatoes (50-60 points) between 17.8 and 19.5,

no separation into groups being in any way apparent. The ratio,

total nitrogenous matter X 100, , . r i- ,

^starch
appears to us, therefore, of little or

no value as an indicator of quality.

Albuminoid Nitrogen.—The quantity of albuminoid nitrogen pres-

ent in the potato does not appear to have a direct influence on its

quality, though the ratio, ^^5^ according to Coudon

and Bussard, an inversely proportional relation to mealiness. It will

be remembered that these authors found that the ratio varied between

8.5 and 14.0 in non-mealy potatoes ; between 6.6 and 8.4 in slightly

mealy potatoes; and between 4.3 and 6.6 in very mealy potatoes.

These results were confirmed by Petermann who found that in non-

mealy potatoes the ratio varied between 6.8 and 10.6; in slightly

mealy potatoes between 6.4 and 7.9, and in very mealy potatoes be-

tween 6.2 and 6.5.

In our experiments we have obtained the results shown in Table XII.

It would appear from the data given in the above table that

not much if any reliance can be placed upon the value of the ratio,

albuminoid matter, .

as an indicator 01 mealiness.
starch

Reducing Sugar.—The quality of potatoes is markedly af¥ected by

the presence of reducing sugar, the flavor of the potatoes being prob-

ably affected even before its presence can be ascertained by tasting.

The amount of reducing sugar potatoes may contain before becoming

The presence of non-reducing sugar in sufficient quantity may account for

this aberrant result.
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•Table XII.

—

Relation between Mealiness and the Ratio -
o tarch

Boiled Potatoes.

Variety.

In Potatoes as Received.
ICO = Perfect.

After Storage at 1-5° C. for

28 Days. 100 = Perfect.

Score. Ratio. Score. Ratio.

15 6.2

American Wonder 30 8.6 15 8.8

Rural New Yorker 30 9.4 15 9.6

30 8.3 15 8.6

30 8.7 9.1

Red Alcohol 15 10.2 10.3

Rusty Rose 30 10.

1

10.

Blue Victor 30 9-7
McCormick 15 8.5 8.6

sweet to the taste is variable. For instance, the Red Alcohol are

sweetish when they contain o.i percent/'* the Rural New Yorker only

when they contain i.oi percent. As a rule, however, potatoes are not

sweetish until they contain about 0.5 percent or a higher percent of

sugar, as will appear from the following table.

Table XIII.

—

Percentage of Sugar Present in Boiled Potatoes Classed as

Sweetish.

Variety.

Triumph

American Wonder
Rural New Yorker

Red Alcohol

Sugar, Percent. Variety.

. . . . 0.97 Rusty Rose

.... 0.88 Blue Victor

I.OI McCormick
o.io

Sugar, Percent.

0.43

0.53

1.04

As is well known the sensitiveness of the palate to sugar is de-

creased in the presence of acid. We would, therefore, expect to find

that a sweetish potato, relatively high in sugar, would be more acid

than a sweetish potato relatively low in sugar. We did not find, how-

ever, that any such direct relation existed. In fact when we took the

ratio, gjg^^^^' we found that the ratio was high in the sweetish

potatoes relatively low in sugar and low in the potatoes relatively high

in sugar. The percentage of acid in potatoes is quite low and, possibly

owing to this fact, when the amount of sugar is also small, it is able

to act directly upon the palate, thus increasing its sensitiveness. How-
ever this may be, the results obtained are quite striking, as Table

XIV shows.
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Table XIV.

—

Relation between Sweetness and the Ratio —
^^ugar

—

Potatoes.

Percentage.
Ratio.

Variety, Acid X 100
Reducing Sugar. Acid

(as Sulphuric). Sugar

0.97 0.18 18.5

0.88 0.20 22.7

I.OI 0.23 22.7

Red Alcohol O.IO 0.28 280.0

043 0.27 62.8

0.53 0.25 47.1

1.04 0.25 24.0

There appears to be no relation between the degree of mealiness in

potatoes and the presence of sugar as determined by analysis. The

data presented are, in this respect, quite conclusive.

Table XV.

—

Relation between Sugar Content and Degree of Mealiness in

Boiled Potatoes.

Variety. Mealy Sugar,
Percent.

Slightly Mealy
Sugar, Percent.

Not Mealy Sugar,
Percent.

.22

•43

.97

American Wonder .88 •65 •OS

•85

.17 .24

I.OI

Early Ohio .15 .08

.16

1.25

.42 •13 .86

•17

•31

Red Alcohol .10 1.42

.15

.43 .37 1. 10

•38

.53 .40 •45

1.22

•39 1.04

.43

.65

If, on the other hand, we consider the relation between sweetness

and degree of mealiness we will notice that the agreement is quite

marked. It may be said that a sweetish potato is never mealy.
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Table XVI.

—

Relation between a Sweetish Taste and Degree of Mealiness in

Boiled Potatoes.

Variety. Sweetness. Mealiness.

Triumph Slightly sweet Slightly mealy

American Wonder Slightly sweet Slightly mealy

Rural New Yorker Slightly sweet Slightly mealy

Early Rose Markedly sweet Not mealy

Red Alcohol Slightly sweet Slightly mealy

Rusty Rose Slightly sweet Not mealy

Blue Victor Markedly sweet Not mealy

McCormick Slightly sweet Not mealy

The three exceptions to the rule laid down above, that a sweet

potato is never mealy, are probably accidental. We would point out

that in the case of the American Wonder the percentage of sugar in

the mealy potatoes is given as 0.80 percent, whereas in the slightly

mealy it is 0.85 percent. In the case of the Rusty Rose the mealy

potatoes contained 0.43 percent sugar, the non-mealy i.io percent;

the slightly mealy Blue Victor contained 0.53 percent sugar, the non-

mealy 1.22 percent.

Acid.—The amount of acid present in potatoes has no direct effect

upon their quality, and we have already pointed out its effect when
sugar is present.

Relation of Histological Characters to Quality,

The potato, which is the hypertrophied apical portion of a rhizome,

is mainly composed of parenchymatous tissue, the fibrovascular

system, rather poorly developed, serving as a line of demarcation

between the medullary and cortical tissues. When a thin slice is cut

from a potato, either longitudinally or cross-wise, the cortex will

appear usually much more opaque than the medullary tissues and,

consequently, quite sharply differentiated into an outer and more

dense portion and an inner and less dense portion. The internal

medullary area appears to be more or less branched, and if the sec-

tions are properly taken, the apices of the branches will be found to

end at the buds. The central cylinder itself being a continuation of

the pith, extends from the base to the apex. The outermost tissue

of the mature potato is a cork layer broken at irregular intervals by

lenticels (Fig. i).

Having briefly sketched the structure of the potato and the tissues

of which it is composed, we may ask what relation, if any, does their

relative development have to quality.

The development of the suber varies in the different varieties of
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Fig. I.—Longitudinal section through a potato. C, cortex; Me, external me-

dulla; Mi, internal medulla.

potatoes sometimes to a very marked extent (Fig. 2), though there

does not appear to be any relation between its development and the

quality or degree of mealiness of potatoes.

Table XVII.

—

Relation between the Development of Suher and Quality and

Mealiness in Boiled Potatoes.

Variety. Development of Suber.

In Potatoes
as Received.

After Storage
at i°-50 C.
for 28 Days.

After Storage
at 8°-ioO C.
for 34 Days.

After Storage
at 20° C.

for 21 Days.

Quality.
Mealiness.

Quality. Mealiness. Quality. Mealiness.
Quality. Mealiness.

Blue Victor Marked 65 30 20 70 85 15

Early Ohio Marked 90 30 85 15 85 15 85 15

Early Rose Slight 80 30 30 65 15 75 15

McCormick Marked 75 15 25 75 T5 65 15

Rural New Yorker . Slight 90 30 60 15 75 15 85 15

Rusty Rose Very marked 85 30 55 75 15 85 IS

Triumph Marked 70 15 85 15 70 15

From a study of the above table, we may not only conclude that

the degree of development of the tuber is not in any way correlated

with quality or mealiness, but that is does not even afford a basis upon

which to judge the value of different varieties of potatoes.
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Fig. 2.—Cross section of outer cortical tissue of different varieties of potato.

I, Early Ohio; 2, Early New Yorker; 3,
—— ; 4, Blue Victor; 5, Triumph; 6,

Rusty Rose; 7, Early Rose.

According to Gilmore, a thick and dense cortex indicates potatoes

of a poor quality, the converse being true for those of good quality.
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In the potatoes we have studied, the cortex has always, though less

markedly so in case of the Rural New Yorker, been well differen-

tiated from the medulla; nevertheless we have had variations in the

quality among the different varieties of potatoes, not to mention the

changes within the individual varieties themselves. We therefore

conclude that little or no value can be placed upon this character. A
potato may be good, bad, or indifferent, and the differentiation be-

tween the cortex and the medulla not be indicative at all. We be-

lieve, however, that the less developed and the less differentiated (as

judged by transmitted light) the internal medulla is, the better,

ceteris paribus^ the potato will be.

Effect of Cooking on Quality.

Coudon and Bussard found that all the varieties of potatoes they

experimented with gave, as far as appearances went, excellent fried

potatoes; that for stews and salad purposes the non-mealy varieties

were excellent, and that for mashed potatoes the very mealy varieties

were best adapted. When, however, the potatoes were considered

from the point of view of flavor, the results were rather different,

the non-mealy potatoes being of the finest and the very mealy of the

poorest quality. But this is not surprising when we consider that the

very mealy group of these authors contained potatoes that fell to

pieces on boiling, such potatoes being entirely unfit for serving except

as mashed potatoes.

In our experiments on the effects of methods of cooking on quality,

we boiled, steamed en robe de chambre, and fried the potatoes, the

results we have obtained agreeing, in so far as comparisons are pos-

sible, with those of Coudon and Bussard. For simplicity's sake we
will consider, under separate captions, the various methods of cooking

employed.

Frying.—It would seem that frying is one of the most satisfactory

ways of cooking potatoes. The different varieties more nearly re-

semble one another in quality and their quality is better, ceteris

paribus, than when cooked by any other method. As potatoes before

frying are, according to the best kitchen practice, soaked in iced

water or placed on ice for a few minutes, we tried both methods, and

the results are presented in Table XVIII.

It will have been noticed that the potatoes placed on ice before

being fried do not score as high, with few exceptions, as those that

have been soaked in iced water. The color of the former is somewhat
less pure, which is what would be expected, as oxidation, to which
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the darkening of potatoes is due, would occur more readily in potatoes

sliced and placed on ice than in those sliced and immersed in iced

water.

It will also have been noted that storing the potatoes at 20° C, a

relatively high temperature, for 21 days, improves their quality as a

whole very considerably. At the same time it should not be forgotten

that potatoes from storage at i°-5° C. are also satisfactory in quality,

only two varieties receiving a score of less than 80 points.

Boiling.—The general score received by the boiled potatoes during

the course of our experiments is summarized in Table XIX.

In considering the above table, one will notice that unlike the fried

potatoes, the quality of boiled potatoes is much affected by the tem-

perature at which they are stored. In general terms it may be said

that potatoes of fair or poor quality when received are much im-

proved by being stored at 20° C, but that the converse is true for

potatoes of good quality. On the other hand the quality of all

potatoes is much impaired by storing them at i°-5° C. It should,

however, be noted that the Early Ohio, a potato of very good quailty,

is not much affected by an adverse storage temperature.

Steaming.—It is generally admitted that steamed potatoes are

mealier and of better quahty than boiled potatoes. Experimental

evidence is, however, against this notion. Mealiness, for instance,

is not increased nor decreased by steaming, as the following table

shows.

Table XX.

—

Relative Mealiness of Boiled and Steamed Potatoes, Scored on

the Basis of 30 Points Representing Perfection.

Variety.

In Potatoes as
Received.

After Storage at
iO-5° C. for

28 Days.

After Storage at
80-11° C. for

34 Days.

After Storage
at 20° C. for

21 Days.

Boiled. Steamed.

Boiled.
Steamed. Boiled. Steamed.

Boiled.
Steamed.

2 IS IS IS IS IS

30 15 IS IS
Rural New Yorker 30 15 IS IS IS

Early Ohio 30 15 15 IS IS IS IS IS

Early Rose 30 15 30 IS IS IS IS

Red Alcohol 15 IS IS IS IS IS

Rusty Rose 30 15 IS IS IS IS 15

30 IS

IS IS IS IS IS IS IS

As regards the qualities, discoloration, sweetness, and bitterness,

steamed potatoes do not dififer from boiled potatoes.
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Baking.—Owing to an oversight on the part of the jury the baked

potatoes were not always scored for meahness. We are unable,

therefore, to satisfactorily compare, as regards total score, baked

with boiled or steamed potatoes. As the following data show, how-

ever, we may legitimately assume that baked potatoes are as mealy

as steamed or boiled potatoes, if not slightly more so.

Table XXI.

—

Relative Mealiness of Baked, Boiled, and Steamed Potatoes,

Scored on the Basis of 30 Points Representing Perfection.

Variety.

After Storage at 8°-io° C.for 34 Days. After Storage at i°-5° C. for 28 Days.

Boiled. Steamed. Baked. Boiled. Steamed. Baked.

Triumph IS 15 IS IS

Vmerican Wonder. . . . 15 IS IS IS

Rural New Yorker . . . 15 IS 15 30
Early Ohio 15 IS IS IS IS 30
Early Rose IS IS IS 30 30
Red Alcohol 15 IS IS IS IS

IS IS 30 IS

IS 30
IS IS IS IS IS

If now we compare boiled and baked potatoes as regards the items

discoloration and sweetness we will obtain the results given in

Table XXII.

Table XXII.

—

Relative Effect of Boiling and Baking on Discoloration and

Sweetness of Potatoes, Scored on the Basis of 20 Points Representing

Perfection.

A. Discoloration.

Variety.

Of Potatoes as
Received.

Of Potatoes from
Storage at 1-5°

C. for 28 Days.

Of Potatoes from
Storage at 8-11°

C. for 34 Days.

Of Potatoes from
Storage at 20° C.

for 21 Days.

Boiled. Baked. Boiled. Baked. Boiled. Baked. Boiled. Baked.

20 20 20 10 20 10

10 10 20 10 10 20
Rural New Yorker 10 10 10 10 10 10 10
Early Ohio 10 10 20 20 20 10 20 10

10 10 10 10 10 10 10
Red Alcohol 10 10 10

20 10 20 10 10 10 20 20
20 20 20 20 20

McCormick 10 10 10 10 10 20 20

B. Sweetness.
^

IS IS 30 IS 30 IS

IS 30 IS 30 30 IS 30 30
Rural New Yorker 30 30 IS IS 30 IS 30 30
Early Ohio 30 IS 30 IS 30 IS 30 IS
Early Rose 30 IS 30 30 30 30 30
Red Alcohol 15 30 30 30 30 30

IS 15 IS 30 IS 30 30
IS 15 30 30 IS 30 15

McCormick 30 30 IS IS 30 30 30 IS
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From the above table we may conclude that as regards discoloration

baked and boiled potatoes are equal ; but as regards the item sweet-

ness, it would appear that baked potatoes are slightly sweeter than

boiled potatoes. We may, therefore, formulate the general conclusion

that baked potatoes are of quite as high quality as boiled potatoes.

Mashing.—Before they are mashed, potatoes are either boiled or

steamed, and we have, therefore, thought it would be of some interest

to enquire whether the quality exhibited by boiled potatoes was in

any way changed when the same potatoes were mashed. Steamed

potatoes, as we have shown, do not differ from boiled potatoes and

the results obtained for the one will apply directly to the other.

The various factors that go to the making of quality in mashed and

boiled potatoes are the same, except in the item mealiness for which

we have substituted the one lumpiness, that is, the degree of homo-

geneousness of the mashed product, as for potatoes prepared in this

manner uniformity is a sine qua non.

The results of our experiments have shown that mealiness is not

essential in potatoes prepared for mashing and that the general qual-

ity of the potatoes, at least after they have been in storage, is im-

proved. In Table XXIII we give, en regard^ the qiiality score of

both boiled and mashed potatoes, scored on the basis of lOO points

representing perfection.

Table XXIII.

—

Relative Quality of Boiled and Mashed Potatoes.

Variety.

Of Potatoes
as Received.

Boiled Mashed,

After Storage
at i°-s° C. for

28 iDays.

Boiled. Mashed,

After Storage
at 8°-ii° C. for

34 Days.

Boiled. Mashed.

After Storage
at 20° C. for

21 Days.

Boiled. Mashed

Triumph
American Wonder

.

Rural New Yorker
E^rly Ohio
Early Rose
Red Alcohol
Rusty Rose
Blue Victor

McCormick

75
90
90
80

50
85

65

75

65
80
80

70

45
75

55
80

70

70
60

85

30
50

55
20

25

75

75
65
90
80
60

75
30

35

85

75

75
85

65

75

75
70

75

100
80

90
90
80
80
80

90
80

70

50
65
85

75
65
85

85

85

75
60

70

90
80

70
90
90
90

Salading.—Either boiled or steamed potatoes may be used for

salading and it is generally considered that non-mealy potatoes are

best adapted to this purpose. In scoring the potatoes for salading we
have substituted for the item mealiness that of raggedness, as it is not

only essential that the potatoes be firm but also that the edges of the

slices should not fray.

The varieties of potatoes we have studied have, as a whole, shown
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satisfactory salading quality, at least after they have been in storage.

The score they have received, as well as that of boiled potatoes,

together with the relation to mealiness are given in the following table.

Table XXIV.

—

Relative Quality of Boiled and Salading Potatoes Including the

Relation of the Latter to Mealiness, Scored on the Basis of lOO Points

Representing Perfection in the First Two Cases and 30 Points

in the Last Case.

Variety.

Of Potatoes
as Received.

After Storage
at i°-5° C. for

34 Days.

After Storage
at 8°-ii°C.
for 34 Days.

After Storage
at 20° C. for

21 Days.

Boiled.

Salad.

Meali-
ness.

Boiled.

Salad.

Meali-

ness.
Boiled.

Salad.

Meali-

ness.
Boiled.

Salad.

Meali-

ness.

Triumph 70 85 15 85 90 15 70 85 IS
American Wonder 75 75 30 70 75 15 75 80 15 50 80
Rural New Yorker 90 80 30 60 65 15 75 80 15 65 70 IS
Early Ohio 90 80 30 85 80 15 85 90 15 85 100 IS

80 70 30 30 50 65 70 15 75 90 IS
Red Alcohol so 75 15 50 60 75 80 15 65 80 15

85 75 30 55 85 75 70 15 85 80 15
Blue Victor 65 55 30 20 50 70 90 85 100 IS
McCormick 75 90 15 25 55 75 80 15 85 100 IS

Effect of Methods of Storage on Cooking Qualities

of Potatoes.

An examination of the data presented in the course of the previous

chapters shows quite conclusively that the temperature at which

potatoes are stored has a marked influence upon their culinary qual-

ity. But besides temperature there are several other factors that

come into play during storage, for instance the humidity of the

ambient air and oxygen supply, which play a no less important if a

less apparent role. The question, therefore, of the effect of storage

on the culinary quahty of potatoes has seemed to us deserving of some

consideration as regards the immediate effects of the temperature,

humidity, and oxygen supply of the surrounding air.

Temperature.—It is, of course, well known that the relation be-

tween temperature and vitalistic phenomena is a very important one.

In the present instance, however, we have only to consider its effect

on respiration and transpiration. Both these phenomena rise and fall

with temperature, but in the case of the potato, transpiration does

not appear to be markedly affected by the range of temperature liable

to occur during storage and need not, therefore, be further considered.

The temperature at which potatoes are stored has, on the other hand,

a very marked influence on the rate of respiration of the tubers. Not
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only is the respiratory activity increased or decreased, as the case may
be, but the presence or absence of sugar is very markedly afifected,

and we have already seen the injuriousness of this substance to

quality.

Miiller Thurgau,^^ as long ago as 1882, showed in his studies on the

effect of low temperatures on sugar formation, in which studies he

used the potato, that as respiration decreased with a lowering of the

temperature, sugar appeared more and more abundantly. He showed

also that the old notion, which still persists, that sweetness indicated that

the potatoes have been frozen was incorrect. Potatoes rapidly frozen

never contain any sugar, i. e., sugar formed in excess of that already

present, if any. Miiller Thurgau also showed that the freezing point

of potatoes is below 0° C. At 0° C, however, potatoes may be stored

for a considerable length of time without affecting their vitality, but

sugar forms more rapidly and in larger amount than at slightly higher

temperatures. If, for instance, we take the amount of sugar formed

at 0° C. for our basis of comparison we would find according to his

results that at 3° C. approximately sugar was formed, and that

at 6° C. approximately x/y sugar was produced, and furthermore

that in those varieties that sweeten readily at 0° C. a temperature

above 6° C. would have to be maintained before sugar ceased to

accumulate, but that in the potatoes sweetening less readily a tempera-

ture of 6° C. was sufficiently high for the amounts of sugar formed

and used up in respiration to about counterbalance one another. At
8° C. potatoes rarely contained detectable amounts of sugar and at

10° C. all sugar formed was entirely used up in respiration.

Following the results obtained by Miiller Thurgau, there has been

a tendency amongst certain writers to recommend 8°-io° C. as the

best temperature at which to store potatoes for domestic purposes,

though agronomic writers still recommend temperatures but shghtly

above zero. In our experiments the potatoes were stored at i°-5° C,
8°-ii° C, and at 20° C, and, it will be remembered, those from

storage at i°-5° C. were inferior to those stored at either 8°-ii° C.

or 20° C. It will also be remembered that the potatoes stored at

20° C. were better than those from storage at 8°-ii° C, the sugar

content being lower in the former than in the latter in which it re-

mained about constant, which would be expected if sugar formation

and respiration balanced one another within this range of tempera-

ture. The gain in sugar of some varieties stored at 20° C. should be

accounted, to a certain extent at least, to changes accompanying

i""^ Miiller Thurgau, H., Uebcr Zuckeranhangfung in Pflanzentheilen in Folge

niedercr Tcmperatur, Landw. Jahrb., 11, 1882.
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germination, though it does not appear necessary for sugar to form

in appreciable amounts for germination to take place.

Table XXV.

—

Percentages of Sugar in Potatoes Stored at Different

Temperatures.

Variety.

As Re-
ceived.

From Storage at

i°-5° C.for 28 Days.
From Storage at 8°-
11° C. for 34 Days.

From Storage at 20°

C. for 21 Days,

Percent. Percent.
Percent
Gain. Percent.

Percent
Gain. Percent,

Percent
Gain.

0.59 0.97 0.38 0.43 0.16 0.22 0.37
American Wonder 0.88 0.85 0.03 0.65 0.23 0.05 0.83

Rural New Yorker 0.17 I.OI 0.84 0.24 0.07 trace 0.07

0.15 1.25 1. 10 0.16 O.OI 0.08 0,07

0.42 0.86 0.44 0.31 O.II 0.13 0.29

Red Alcohol O.IO 1.42 1.32 0.17 0.07 0.15 0.05

0.43 1. 10 0.67 0.38 0.05 0.37 0.06

0.53 1.22 0.69 0.45 0.08 0.40 0.13

0.43 1.04 0.61 0.39 0.04 0.6s 0.22

Our experiments fully show the inadvisability of storing potatoes

for culinary purposes below 8°-io° C. If the potatoes contain sugar

when brought into storage they may be placed advantageously for a

fortnight or so at 20° C, but they should not be stored at this tem-

perature for a period exceeding twenty days since germination occur-

ring at this high temperature has a markedly deteriorating effect on

quality. The graphs in Fig. 3 will show the average loss of weight of

several varieties of potatoes when stored at 8°-io° C. and at 20° C.

In this connection we may perhaps remark that the rapidity of loss of

weight is not correlated with thickness of suber (see Fig. 2), nor is

there any relation between loss of weight and quality, as is shown
in Table XXVL

Table XXVI.—Relation between Loss of Weight and Quality of Boiled

Potatoes.

From Storage at 8°-io° C. From Storage at 20° C.
for 34 Days. for 21 Days.

Early Ohio 85 85

Early Rose 65 75
Triumph 85 70

Blue Victor 70 85

Oxygen.—The respiratory activity of plants is governed not only

by temperature but also by the amount of free oxygen present. We
would, therefore, expect that a decrease in the amount of available

oxygen would be accompanied, in the case of the potato, with an

augmentation in the sugar content, irrespective of temperature
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change. We have found this to be the case. Sir Walter Raleigh

potatoes were stored in tubulated bell jars for 90 days. In bell jar

No. I the tubules were stopped with absorbent cotton, thus allowing
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a free diffusion of gases; in bell jar No. 2 8 percent of the air was

renewed daily; and in bell jar No. 3 0.8 percent was renewed daily.

In all three bell jars the atmosphere promptly became saturated with

water vapor. At the close of the experiment, that is, at the end of

90 days, the potatoes in the different bell jars contained

Bell Jar No. 1. Bell Jar No. 2. Bell Jar No. 3.

0.09% reducing sugar 0.22% reducing sugar 0.66% reducing sugar

We, therefore, conclude that reducing the respiration by curtailing

the oxygen supply, at least when the potatoes are intended for culi-

nary purposes, can be qualifiedly recommended: the potatoes when

placed in storage must be very free from sugar.

Humidity of Air.—While storing potatoes in a humid atmosphere

reduces their loss of weight, we have observed that their quality de-

teriorates under these conditions, especially, it seems to us, in the

matter of mealiness. We have observed that potatoes stored under

conditions that favor the development of roots and root hairs, that

is, a moist atmosphere, lose in mealiness, but when the sprouts grow

with little or no root development, that is, in a relatively dry atmos-

phere, the mealiness is not, ceteris paribus, materially affected.

Summary.

1. Mealiness is modified by the water content; potatoes high in

water being, ceteris paribus, less mealy than those relatively low

in water.

2. The percentage of starch in a potato is not indicative of mealiness.

. ^- I r A AT> A
albuminoid nitrogen

3. ihe ratio of London and Bussard,
Starch '

^

appear to be a very reliable indicator of the degree of mealiness of

potatoes.

4. The presence of sugar in a potato is detrimental to its quality.

The percentage, however, that may be tolerated varies with different

varieties.

^, . total nitrogen
. . . r

5. ine ratio,
sidivoh

' criterion of quality.

6. Potatoes are, ceteris paribus, of much better quality when fried

than when cooked by any other method.

7. Potatoes boiled and steamed are equal in quality.

8. Potatoes for culinary purposes should be stored in a dry cellar

at 8°-io° C.

9. Sweetened potatoes will be improved in quality if stored at 20° C.
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Addendum.

The opinion is current that a mealy potato is one in which the cells

have been burst by the swelling of the starch grains during the process

of cooking. Coudon and Bussard pointed out that this was not the

case, mealiness being due to a separation of the cells one from the

other, and not to cellular disintegration. Gilmore, East, and Lang-

worthy, all of whom have quoted Coudon and Bussard, have never-

theless held to the contrary opinion. Gilmore^^ gives an illustration

showing the difference in size of starch grains before and after cook-

ing. But starch, needless to say, either dissolves in hot water or

forms an amorphous mass. East^^ has retained the popular notion

regarding the cause of mealiness. " The paucity of starch," he states

(p. 426), " in the internal medullary layer causes the cells to be only

partially filled with the cooked starch and the cell walls are scarcely

ever ruptured. In the cortical layer, on the other hand, the amount

of starch is such that in the swelling due to cooking, the cells are filled

completely and many of them ruptured, causing the mealy appearance

so much desired by the consumer." Again, he remarks (p. 426),

regarding the poor quality of the European potatoes rich in starch,

" We should conclude that potatoes with a starch content above a

certain limit would easily fall to pieces, or if the cell walls were strong

enough to hold together under such pressure, they must necessarily

be coarse and woody."

Langworthy^^ illustrates the changes that occur in the cells of the

potato on cooking, the cells in the cooked potato being full of starch

as a homogeneous mass or broken down, their contents being scattered

as amorphous aggregates. Heat, he tells us (p. 342), expands the

water present, ruptures the cells, and breaks up the starch, expanding

the granules which, when raw, consist of thickly concentric layers,

to a mass of much less solid structure. The figures given by Lang-

worthy illustrating the changes brought about by cooking are adopted

without acknowledgment either from Snyder^^ or Atwater.^^ Snyder

16 Loc. cit. passim.

17 East, E. M., A Study of the Factors Influencing the Improvement of the

Potato, 111. Agr. Expt. Stat. Bull. 127, 1908.

1^ Langworthy, C. F., The Value of Potatoes as Food, U. S. Dept. Agr. Year-

book, 1900.

1^ Snyder, H,, Losses in Boiling Vegetables: Loss of Nutrients in Boiling

Potatoes, Carrots, and Cabbage, U. S. Dept. Agr., Office of Expt. Stat, Bull.

43, 1897-

Atwater, W. O., Methods and Results of Investigations on the Chemistry

and Economy of Food, U. S. Dept. Agr., Office of Expt. Stat., Bull. 21, p.

88, 1895.
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acknowledges taking the drawings from Atwater, who in turn credits

them to Alaercker,-^ though it is evident that he has improved one of

the figures. Regarding these figures it should be noted that Maercker

(and Atwater) described what is here shown as Fig. 4 (left) (At-

FiG. 4.

—

Left, cells of a raw potato with starch grains in natural condition;

right, cells of potato after being well steamed and mashed.

water's Fig. 2) as a section through the tissues of a raw potato, and

the right-hand illustration in Fig. 4 (Atwater's Fig. 4) as the appear-

ance of potato tissue after it has been cooked and mashed. The
purposes which Snyder's Fig. 3 and Langworthy's Fig. 45c (repro-

duced as the right-hand illustration in Fig. 4) have been made to serve

by these authors are not, therefore, supported by the facts. To con-

clude it may be readily determined by direct experiment that meali-

ness is due to cellular separation and not to cellular disintegration.

21 Maercker, M., Handbuch der Spiritusfabrikation, 4th ed., p. 15 et seq., 1886.
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SOME BRAZILIAN PROBLEMS IN AGRONOMY.

B. H. HUNNICUTT.

EscoLA Agricola de Lavras, Lavras, E. de Minas, Brazil, S. A.

Presented at the special meeting, Columbia, S. C, January, 1913.

So much has been written recently about Brazil and other countries

of South America that one need not go into detail along stereotyped

lines of information. For full data on the general social and political

conditions the recently published book by the Hon. James Bryce^ can

be consulted. His observations seem essentially accurate and they are

stated so clearly that a mental picture of the country and its people

can readily be made.

Brazil may be divided into six large general divisions. The first is

the immense basin of the Amazon River and its tributaries, lying

under the equator and exploited mostly for the rubber produced in

its wild forests. Just to the south of this lies a fairly large semi-arid

region which at present is not productive. The third division may be

called the Central Coast Section, including the states of Pernambuco,

Bahia, and Espirito Santo, and possibly also Rio de Janeiro. This

central section is generally mountainous, especially farther south. The
northern part is given over to the cultivation of cotton and sugar-

cane, and the southern to sugar-cane and coffee. Farther down the

coast is the Southern Coastal Section which is quite temperate in

climate. It includes the states of Santa Catharina, Parana, and Rio

Grande do Sul. Finally there are two interior sections which are

hard to define. The two together include the states of Sao Paulo,

Minas Geraes, and Matto Grosso. The two divisions in this area

may be indicated by putting into one all the land in these three states

which is suitable for the growing of coffee, and into the sixth and

last, the plateau and prairie not suitable for cofifee.

In the vast territory of Brazil are found all conditions of climate

and soil. The climate varies from the tropical Amazon area to the

pleasant temperate climate of the southern area, many of its varia-

tions being determined by altitude. Soils range from the sterile ones

of the semi-arid areas to the exceedingly fertile ones of the tropics.

The altitude ranges from sea level to more than 3,000 feet on the

plateau. There are, of course, mountains in Brazil as high as 10,000

feet in altitude, but the figures given refer to the farming lands.

1 Bryce, James, South America ; Observations and Impressions, 1912.
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Local Conditions.

Lavras is located in the fifth division, or in that part of the central

area of Brazil where coffee is produced. The elevation of the campus

is 2,740 feet, and this is not in the highest portion of the district.

Although the latitude is tropical the altitude makes the climate that

of the temperate zone, or at least much more temperate than tropical.

Lavras, where the writer has been for the past five years, is a town

of some five thousand inhabitants, in the State of Minas Geraes,

which is about the size of the German Empire. This state is noted

for its mineral wealth and its dairy and other cattle products. It

should soon be known the world over for having the largest known
deposit of high grade iron ore. At present it is passing through

what might be known as the pastoral stage in economic development.

The land is hilly, almost mountainous, and seems especially adapted

to the dairy and live stock industries. Lands are cleared and culti-

vated for one or more years and then sown to grass for pasture.

While no figures are at hand it seems safe to say that 90 percent of

the cleared lands are in pasture and only 10 percent are cultivated.

By cultivation is meant the preparation of the soil and the cultivation

of crops thereon. In the past this has been done with the hoe and

that simple instrument is still used entirely on more than 90 percent

of the farms. This state is, therefore, a virgin field for the agrono-

mist so far as the introduction and use of tillage instruments is

concerned.

Status of Agricultural Education.

The history of education in agriculture in Brazil is short. Perhaps

the first school of agriculture that has survived the vicissitudes of

time is that of Sao Paulo, located at Piracicaba. For five years this

has been under the direction of Dr. Clinton D. Smith, formerly

director of the Michigan Experiment Station. It is the only instance

of signal success in this line of which the writer is aware. About
three years ago the Department of Agriculture of the Federal Gov-
ernment was elevated to the dignity of a full ministry with a cabinet

officer at its head. With this came a new impulse for agricultural

work. One of the first undertakings of the new ministry was an

elaborate outline of procedure along educational lines. A number of

different grades of schools were prescribed with a national college of

agriculture, to be located at Rio de Janeiro, at the head, together with

full regulations and curriculum for each type. The school at Lavras

is of the highest of the grades established by this program and is

known as a " theoretical-practical school of agriculture." At least
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one of these is to be established in each state. While it would not

rank with our best colleges of agriculture here in the United States,

it will be far above the rank of agricultural high schools if the pro-

gram is carried out. The whole subject of education in Brazil, how-

ever, is still an infant industry.

Soil Problems.

Some of the most important problems before the agronomist in

Brazil are those related to the soil, although those of culture are of

almost equal importance. There is no soil survey and no more than

a dream of such a thing for years to come. Though accurate data are

lacking it is known that there are widely varying types of soil. The

500-acre farm attached to the school at Lavras has many distinct

types. Just an example will be sufficient to show how difficult the

problems are. Part of this farm was once timbered and is still

fertile with a fair amount of humus and vegetable matter. A hundred

yards away is land that appears never to have had a covering of trees

and that is now too poor to grow crab-grass. In its natural state it

has only a sparse growth of shrubs with an occasional tree and a

thin covering of wire-grass. These poor soils, which are generally of

a reddish hue, though sometimes yellow, are typical of that section

of the state. The very low price for soils of this type shows how
little value they have in the eyes of the Brazilians. To increase the

productiveness of these almost sterile soils is one of the great prob-

lems. Another problem is that of the artificial fertilization of the

soil. Nothing has been done along this line compared to what remains

to be done. The old method of farming was to abandon a piece of

land as soon as it could no longer be cultivated profitably and to clear

another for use. The time is past when that method can be followed

except in the newer sections of the country. The great hope in the

maintenance of fertility is green manuring. Live stock will never

be the help here that it is in the colder regions because the mildness

of the climate permits them to remain out of doors the year round

and little of the manure can be saved.

The determination of plants adapted to certain soils, especially in

the case with the plants now being introduced, is another great prob-

lem. The handling of the land to properly conserve humus is another.

It is said that the long droughts, the hot weather, and the heavy

rains all help to destroy and waste the supply of humus. All three

of these factors are extremely active. There is six months of drought,

six months of heavy rainfall, and several months of hot weather.
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It seems difficult to understand how, with such luxuriance of vege-

tation, there should be so little humus present in the soil, but the

effect of the forces mentioned seems a satisfactory explanation.

Climate.

The weather station of the Federal Government has been only •

recently established on the campus of our school and no definite

figures as to local climatic factors can be given. The mean tempera-

ture probably varies from 30 degrees to 80 or possibly 90 degress

Fahrenheit. The nights are always cool. Frosts and thin ice occur

every year and once recently ice was formed to a thickness of a

quarter of an inch. Bananas and oranges are grown in the same

orchards with apples and peaches. All garden vegetables may be

grown in the open the year round. There is a growing realization

of the important relation which a close study of climatic factors bears

to the general problems in agronomy. One of the greatest problems

in Brazil is the adaptation of crops and that cannot be done without

a thorough knowledge of climatic conditions. The complete under-

standing of rainfall is necessary. No rain falls at all with us during

the cold season.

Special Crops.

The few books on crops and crop production in Brazil are either

compilations or otherwise unreliable. There are little or no experi-

mental data to fall back upon. The problem of production must be

worked out for each crop. The principal crops grown are corn,

coffee, rice, sugar-cane, beans, and pasture grasses. It is very desir-

able to add to this list wheat, oats, potatoes, and alfalfa, besides many
other crops of minor importance. The ease and vigor with which

alfalfa grows in Argentina is proverbial, but in Brazil it is not so.

One must travel many miles to find a good field of alfalfa. The
reason for the general failure of the alfalfa fields is not known. In

one field of 70 acres the alfalfa was already dying on a part which

had been seeded but five years, whereas under ordinary conditions

alfalfa should be growing with increased vigor at that age.

^lany years ago Brazil exported wheat; for some years recently

she has been importing all her wheat and flour. She feels keenly

the embarrassment of this situation, especially as the importations

come from her agricultural rival—the Argentine Republic. The
Department of Agriculture is working hard to reintroduce the grow-

ing wheat in southern Brazil, a region populated mostly by immi-

grants from Europe. Good oats can probably be grown if a rust-

proof variety is used.
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No discussion can be given here of such economic problems as

labor, transportation, credit, and marketing. In conclusion it may
be said that few fields are more attractive than this country of Brazil

for the scientist, naturalist, and the economist. To one who loves to

be among pioneers in the development of a new country, in constant

conflict with primitive conditions, Brazil can be heartily recommended

as a field of action.

IS THERE A MUTUAL STIMULATION OF PLANTS THROUGH
ROOT INFLUENCE?

T. Lyttleton Lyon and James A. Bizzell.

In some of our previous experiments there was an indication that

certain higher plants, during their early stages of growth, may exert

a stimulating influence on the formation of nitrates in soils. During

the first half, or more, of the growing period of the maize plant,

nitrates are often present in excessive quantities in the soil. It would

seem possible that under such circumstances some plants might be

benefited by certain other plants growing with them, at least until the

competition for water or mineral nutrients became too severe.

It was decided to start a number of plants of different kinds in the

greenhouse, placing them far enough apart to prevent interference,

at least while they were young, and after they had obtained a reason-

able size to plant between them seed of a different kind of plant to

see whether the plants first started received any benefit from the

growth of the plants planted later. If the later started plants stimu-

lated nitrate formation at a time when the early started plants were

beginning to depress it the latter might receive some benefit from the

nitrates formed.

To test this an ordinary greenhouse bench was divided into com-

partments eighteen inches square and six inches deep. These were

filled with soil of good quality prepared by rotting timothy sod which

had grown on Dunkirk clay loam soil. About twenty-five or thirty

of the early started plants were grown at equal distances apart in

each square. These will be designated as the primary plants or crop.

Twice the number of plants were started later being arranged one on

either side of each of the primary plants. These will be termed the

secondary plants or crop. In some cases the secondary plants were

planted at the same time as the primary.
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To check the experiments in which soil was used for growing

plants, a series of tests were made with crushed quartz containing

about 30 percent of its weight of nutrient solution. This solution

had a density of 4,500 p.p.m.

Glazed earthenware pots of one half gallon capacity were filled with

the quartz and solution, and from four to twelve plants, depending

on the size of the plants, were grown as a primary crop in each. The

secondary crop consisted of twice as many plants. The moisture

content was maintained by weighing the pots two or three times a

week and adding distilled water in sufficient quantity to make up the

loss. Two or three times in the Hfe of the plants, nutrient solution

was added. It was intended to have an abundant supply of plant

nutrients, especially nitrogen in the form of nitrate. The object in

using the nutrient solutions was to furnish a medium in which the

secondary crop could be of no assistance as a means of supplying

nitrate nitrogen.

In both the soil and crushed quartz the squares or pots planted with

the primary and secondary crops were in each case accompanied by

similar receptacles planted with the primary crop alone, and con-

taining exactly the same number of plants that were present as a

primary crop in the vessels containing the primary and secondary,

or what will be termed the mixed crop. The yields of the plants

growing alone may thus be compared with the yields of the primary

plants in the mixed crops as a measure of the effect of the secondary

on the primary crop.

The plants growing in the mixture were always at a disadvantage

because there were always three times as many plants in the mixed

crop as in the single one. To offset this it was intended to furnish

an abundant supply of nutriment, but in the greenhouse soil this was
probably not fully accomplished. In the nutrient solution some of

the mixed crops possibly lacked nutriment.

The tests in the greenhouse soil, in which the primary and sec-

ondary plants were started at the same time, did not give very satis-

factory results as the secondary crops grew so large that they per-

ceptibly dwarfed the primary ones except in a few cases. This,

however, was anticipated, and such mixtures were used only as

checks. In the quartz cultures the primary and secondary crops

were all planted at the same time, in spite of which the secondary

crops did not suffer much from the competition.

In Table I are given the yields of the primary crops in the mix-

tures as compared with the yields of the same crops in the single

cultures when the latter is taken as 100. In this comparison the same
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number of plants in both the single and mixed cultures is taken. In

some cases the secondary crop grew quite well and in other cases the

growth was slight. The relative yields of the primary crop and

secondary crop in the same squares is stated in the table. The yields

are based on weights of the water-free material.

Table I.

—

Relative Yields of Primary Crops Grown Alone and Primary Crops

in Mixtures on Greenhouse Soil.

Primary Crop. Secondary Crop,

Yield of Pri-

mary Crop
Grown in Mix-
tures when
Primary Crop
Alone Equals

lOO.

Yield of Second-
ary Crop when
Primary Crop

in Mixture
Equals ICO.

r^erioo 01

Growth of
Primary Crop.

Period between
Planting Pri-

mary and
Secondary
Crops.

days. days.

Dandelion Timothy 102 20 166 91
Timothy Mustard 127 13 128 67
Wheat Mustard 93 0.3 146 72
Oats Mustard 132 0.6 142 72
Oats Mustard 98 I 87 46
Oats Maize 133 0.6 107 72
Oats Maize 107 I 93 58
Wheat Maize 97 0.9 93 61

Millet Maize 98 17 63 44
Millet Maize 88 8 84 65
Spring wheat Winter oats 69 2 15T 71

Spring oats Winter oats 92 2 151 70
Peas Lettuce 100 40 67 -37
Timothy Red top 99 15 130 29
Wheat Rye 112 I 84 49

It will be seen from the table given above that in some instances

the yield of the primary crop was as large or larger in the mixture

than when grown alone. As this occurs in nearly one half of the

cases, it appears at first glance that the larger yields are accidental

and not due to any influence exerted by the secondary crop. Taken

by themselves these results could not be said to indicate anything,

although the fact that nearly one half of the tests gave larger yields

of the primary crops when grown in mixtures than when grown

alone is perhaps deserving of attention, especially when in the squares

containing mixtures seventy-five plants were grown in six inches of

soil eighteen inches square.

The cultures in ground quartz emphasize this more strongly, as

may be seen in Table II.

In these tests the primary and secondary crops were planted at the

same time. The growth was more rapid than in the soil. Again in

about one half the tests the primary crop gave larger yields when
grown in the mixture than when grown alone. As any benefit to the
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Table II.

—

Relative Yields of Primary Crops Grown Alone and Primary Crops

in Mixtures in Nutrient Solutionis in Crushed Quartz.

Primiiry Crop. Secondary Crop.

Yield of Primary
Crop Grown in

Mixtures when Pri-

mary Crop Alone
Equals loo.

Yield of Secondary
Crop when Primary
Crop in Mixture

Equals 100.

Period of Growth
of Plants.

days.

Wheat Mustard 132 34 87

Wheat Mustard 126 20 87
Wheat Mustard 106 89 51

Wheat Mustard 108 100 51

Oats Mustard 133 19 87
Oats Mustard 96 73 48
Oats Mustard 98 99 48
Peas Lettuce 87 15 83
Peas Lettuce 76 8 83
Peas Lettuce 86 8 54
Peas Lettuce 91 3 54
Timothy Blue grass 95 50 94
Timothy Blue grass 78 72 94
Timothy Blue grass 84 19 67
Timothy Blue grass 73 26 67
Timothy Red clover 152 38 94
Timothy Red clover 116 44 94
Timothy Red clover 76 180 67
Timothy Red clover 81 146 67
Red clover Timothy 123 26 94
Red clover Timothy 109 44 94
Timothy Daisy 107 36 93
Timothy Daisy 124 47 93
Wheat Red clover 95 20 71

Wheat Red clover 105 27 71
Wheat Red clover 96 4 60
Wheat Red clover 109 5 60
Wheat Timothy 100 5 59
Wheat Timothy III 7 59
Oats Timothy 102 6 59
Oats Timothy 75 II 59

primary crop by a stimulation of nitrate formation, through the

growth of the secondary crop, is precluded by the fact that the entire

supply of nitrogen was in the form of nitrate, the evidence is opposed

to the supposition that any increased growth of the primary crop in

the mixtures grown in soil was due to such a process. An examina-

tion of the data recorded reveal two conditions that influence the

growth of the primary crop in mixtures. These are the length of the

period of growth and the relative growth of the secondary crop. It

will be noticed that for any given mixture a very large growth of the

secondary crop is usually accompanied by a relatively smaller growth

of the primary crop. This holds true only when the yield of the

secondary crop is quite large, and is presumably due to the compe-

tion of the plants for food and water.

The benefit to the primary crop from a longer period of growth
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may have to do either with a slower growth or to harvesting at a

later period of the plant's development.

It was decided to repeat these tests in the field where there would

be a large body of soil from which the plants could obtain nourish-

ment and where the conditions would be more nearly normal than in

the greenhouse. The plants were grown in squares six feet each way
and usually twenty-five primary plants in each square. Whether

grown alone or in a mixture the number of primary and secondary

plants in each square was the same. The plants were not watered

artificially, and as the summer was a very dry one, they suffered

from lack of moisture. Each combination of plants was repeated

on four squares. Two of these were harvested at or near the flower-

ing stage and the other two were allowed to ripen fully. In Table III

the yields are given for only the squares that were harvested before

the plants were mature as, in almost all cases, the mature plants

yielded more in single cultures than in combination. This may have

been due to the severe drought or it may be the natural result under

any conditions. It is, at least, what would have been expected. The
relative yields are based on the oven-dry weights of the plants. In

selecting the plants for this experiment, combinations were used

which the previous experience or observation indicated would give

larger yields of the primary plants when grown in combination than

when grown alone. The field soil used was Dunkirk clay loam.

Table III.

—

Relative Yields of Primary Crops Grown Alone and Primary

Crops Grown in Mixtures on Field Soil.

Primary Crop. Secondary Crop.

Yield of Pri-

mary Crop
Grown in Mix-

tures when
Primary Crop
Alone Equals

lOO.

Yield of Second-
ary Crop when
Primary Crop
in Mixture
Equals 100.

Period of

Growth of Pri-

mary Crop.

Period between
Planting Pri-

mary and Sec-
ondary Crops.

days. days.

Barley- Buckwheat 1 66 37 67 30
Barley Buckwheat 126 79 70 30
Oats Buckwheat 132 35 70 31
Oats Buckwheat 106 55 73 31
Oats Mustard 115 37 70 27
Oats Mustard 102 99 73 25
Barley Mustard 116 38 67 24
Barley Mustard los 39 70 24
Peas Lettuce 40 172 35 -35
Peas Lettuce 58 169 38 -35
Oats Red clover 104 175 40 -28
Oats Red clover 122 143 43 -28
Oats Maize 107 25 68 38
Barley Maize 94 50 70 37
Barley Maize 83 34 70 37
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In the field soil a major proportion of the tests resulted in a larger

yield of the primary crop in the mixtures than when grown alone.

As in the previous tests a particularly heavy yield of a secondary

crop was accompanied by a relatively lighter yield of the correspond-

ing primary crop. This is very noticeable in the combinations of

barley and buckwheat, oats and buckwheat and oats and mustard. It

is not possible to trace any relation between the influence of the sec-

ondary crop and the length of the growing period or the length of

time between planting, as the duplicates do not vary much in these

respects.

There are certain plants used as secondary crops that were particu-

larly successful in promoting a good growth of the primary crop.

These are mustard, buckwheat, maize and red clover. Md.ize and

legumes were found in the nitrate formation experiments to have a

favorable influence on nitrate formation. The other two crops did

not enter into these experiments.

The much more pronounced influence of the secondary crops on

the growth of the primary ones in the field soil than in the nutrient

solutions in crushed quartz leaves some question whether the influ-

ence of the secondary crops on nitrate formation was a factor in the

growth of the primary crops. The result of the experiments with

nutrient solutions opens the question whether there is any other way
in which such an influence could be exerted, if indeed the secondary

crop really does aflfect favorably the growth of the primary one.

There are, it is true, certain combinations of plants in which the

primary crop made a better growth than it did in other combinations,

but in most such cases the primary crop gave a larger yield in the

combination than it did alone, thus indicating a favorable influence on

the part of the secondary crop, and not merely an innocuous one.

Other experimenters have obtained results that indicate a stimu-

lating influence of certain kinds of plants on the growth of other

kinds. Dandeno^ grew oats, barley, buckwheat, wheat and flax in

soil contained in greenhouse pots both with and without underground

shoots of Canada thistle and repeated with a young elm tree. All

crops except buckwheat grew better with the roots of Canada thistle

than alone. All grew more poorly with the elm tree. At twenty-two

days after planting the stimulating effect of the thistle was most
pronounced. He suggested as a cause the excretion of substances

which might stimulate the growth of the other plant or might re-

lease " plant food not otherwise available, or, on the other hand,

might injure the other plant or ''tie up" soluble nutrient material.

1 Dandeno, J. B., Mutual Interaction of Plant Roots, Rept. Mich. Acad. Sci.,

II (1909), pp. 24, 25.
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In Jutland^ it is found that spruce trees make a good growth on

waste areas where mountain pine grow when their roots are in con-

tact, but otherwise not. If the pine is cut down while the spruce is

still young the latter will die or make a sickly growth
;
if, on the other

hand, it is not cut until after several years, the spruce will not only

survive, but appears to grow faster than would have been the case

if the pine had been left standing. They account for this by sup-

posing that the pines utilize atmospheric nitrogen and furnish the

spruce with a supply of nitrogen.

Through what process the stimulation, which one plant often seems

to exert on another, is accomplished, still remains to be ascertained.

It apparently resembles in certain ways the stimulus which certain

plants appear to exert on nitrate formation. Thus the stimulus is

exerted more strongly during the earlier part than during the later

part of the Hfe of the plant. This is indicated by the field experi-

ments already described, in which nearly all of the primary crops

harvested at bloom gave a larger yield in combination than alone,

while similar mixtures allowed to mature gave opposite results. As
a considerable part of the nutrients absorbed by plants have been

taken up by the time of blossoming, the competition of the secondary

crop during the later growth could not have been very severe. It

was also noticed in quartz cultures that the secondary crop stayed

almost stationary during the later growth of the primary crop and

made an excellent growth after the latter had ceased growth entirely.

Like the effect of the plant on nitrate formation there appears to be

a depressing effect during the later stages of growth. Another point

of resemblance is that the influence of certain kinds of plants is more

marked than that of other kinds, and in this respect maize and legumes

were found to be especially active in stimulating both processes.

The natural growth of plants in associations, in which one plant

follows another in succession through a considerable part of the

season may be a utilization of this property of the plant, and thus

the stimulation which plants seem able to exert on certain organic

processes may be another factor in determining plant associations.

Cornell University, Ithaca, N. Y.

2 A Nitrogen Gatherer Among Trees, Norsk. Landmandsblad., 22 (1903),

No. 18, pp. 231-233, Abstract in Expt. Sta. Rec, 15 (1903-4), p. 780.
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FORMATION OF NITRATES IN SOIL AFTER FREEZING
AND THAWING.

It has been suggested by the writers that plants that mature on the

soil have a depressing effect on nitrate formation in that soil for some

time afterwards. If that be the case it seems probable that the

inhibiting effect of the crop may be removed in greater or less degree

by subjecting the soil to certain treatments. The effect of aeration

on formation of nitrates is well known. To what extent freezing

may affect the nitrifying property of a soil is not so well understood,

as few experiments on that subject have been published.

Recently Brown and Smith^ report that in ammonification tests in

peptone solutions and in soil to which infusions of field soil were

added at intervals from October 17 to March i, the ammonifying

power was greater after the soil had become frozen than before.

Similar tests of the nitrifying power of the field soil did not indicate

an increase in the nitrifying power of the frozen soil, but they did

not consider their results on this experiment conclusive.

Four pots of soil that had been in the greenhouse for a year and

that had raised a crop of wheat and a crop of millet in that time were

used for an experiment conducted by the writers. Pots 127 and 128

contained the same kind of soil and had received the same treatment,

and pots 343 and 344 were similar to each other in these respects.

The two first mentioned pots contained Volusia silt loam soil, and the

other two Dunkirk clay loam.

On December 28, 191 1, pots 127 and 343 were placed in a building

where the temperature would correspond closely with that of the

outside air, but where the moisture content of the soil could be con-

trolled. Pots 128 and 344 remained in the greenhouse at a tempera-

ture above 50° F. All of the pots were kept bare of vegetation, and

were maintained at a moisture content of about 25 percent of the dry

weight of the soil. On February 28, pots 127 and 343 were returned

to the greenhouse. During most of the time they were in the outside

building they were frozen, and two or three times they thawed.

They stood in the greenhouse with pots 128 and 344 until March 4

1 Brown and Smith, Bacterial Activities in Frozen Soils, Iowa Expt. Sta.

Research Bull. No. 4, pp. —

.
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when all were brought to the laboratory and nitrates determined.

The results are shown in Table 1.

Table I.

—

Nitrates in Soils Subjected to Freezing and in Similar Soils Remain-

ing Unfrozen.

Pot No. Kind of Soil. Treatment. Nitrates.

p.p.m.
127 Volusia silt loam Frozen 155-2
128 Volusia silt loam Unfrozen III.

7

343 Dunkirk clay loam Frozen 92.3

344 Dunkirk clay loam Unfrozen 69.6

It would appear from this table that freezing produces a condition

of soil favorable for nitrate formation. The well known action of

frost in producing a granular condition of a clay soil may have

operated to some extent to bring this about. To what extent the

more active production of nitrates is due to better aeration produced

by freezing and how much to other effects of the low temperature it

is impossible to say, but the obvious effect was to overcome the depress-

ing influence of the crop previously grown and to permit the more

rapid resumption of nitrate formation.—T. Lyttleton Lyon and
James A. Bizzell, Cornell University, Ithaca, N. Y.

FACTORS IN THE MAINTENANCE OF PERMANENT
FERTILITY OF THE SOIL.

The fact that the fertility of the soil is dependent on the proper

adjustment of several conditions needs to be continually emphasized.

Attention to a single factor, or perhaps two, is very likely to result

in a state of bad adjustment which decreases productiveness. The
scientific investigator needs frequently to be reminded of this fact,

but especially in dealing with farmers is it important to keep before

them the several things essential to a fertile soil and particularly those

practices which tend to keep the soil in good condition.

Not only must all these practices be presented but their relation to

each other and their relative range of influence must be noted. In

order to fix attention on these factors, practices and relations, we
have drawn up the following diagram (Fig. 5) which is designed to

take acount of the soil and the requirement of the crops most com-

monly grown as well as the more convenient lines of farm practice.

The diagram is made up of the general practices available for improv-
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ing the soil put together according to their functional relations and in

the order of their range of influence. They make up a monument
which when the conditions represented by the several courses are

properly adjusted according to the nature of the particular soil, will

insure the upbuilding and permanent maintenance of the productive

1 1 \ 4-4-i.M I

Fig. 5.—A monument to permanent soil fertility.

capacity of the land. For this reason it has been termed a monument
to permanent soil fertility.

First: The foundation is the proper regulation of soil moisture

which involves drainage of much land in humid regions and irrigation

of other soils in both humid and arid regions, and generally the con-

servation of the moisture held in the soil in proper form, by appro-

priate mulching. Without a proper water supply no amount of plant-

food will be available and the physical and biological conditions of

the soil can not be controlled.
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Second: Lime in the form of free lime carbonate constitutes the

second course because of its relation to the reaction of the soil and

the relation of this to the habit of most crops. Especially does it

occupy the second position because of its relation to the micro-life of

the soil and the use of atmospheric nitrogen which determines the

upbuilding of organic material by means of legumes and otherwise.

In addition, on certain soils its physical and other chemical effects

are also of importance.

Third: A reasonable supply of organic matter, especially in the

form of humus, is recognized as generally essential. It measures the

potential supply of nitrogen for non-legumes ; influences the micro-

biological activity; affects the availability of mineral elements and

conditions the physical nature of the soil ; influences the storage and

circulation of moisture, and affects the temperature.

Several lines of practice serve to keep up the supply of organic

matter, including crop residues, stock manures and green manures.

Rotation of crops and inoculation for some legumes contribute to

this end. Whether one or more of these means will be used will

depend on the conditions of the particular farm.

Fourth : Tillage, which manipulates the physical structure of the

soil, forms the fourth course. Deep plowing is emphasized as the

primary basis for most soils. Some land may need subsoiling.

Thorough preparation of the seed-bed is always advisable and mulch-

ing and level culture to conserve moisture, keep down weeds and

maintain a good physical condition of the soil are very generally

essential. Tillage is peculiarly the aerating and sanitary practice in

soil management.

Fifth: Finally, is the last course, plant food in the form of fertili-

zers is given a place with the elements arranged in the order in which

they are most likely to be needed on such a base.

In the light of the average composition of soils, one can not be

certain that added plant food in the form of commercial fertilizer

carrying one or more elements is the thing most needed until he has

attained the best adjustment of his soil with reference to the four

basal courses. When they have been put in shape without good results

he is in a position to use fertilizers with greater certainty of their

need and with the expectation of the largest possible results from

their use.

J'hosphorus is probably the element most commonly deficient.

Sulfur may prove to be a factor in fertility closely identified with

phosphorus but likely to be supplied in many of the common mate-

rials used.
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In a soil well stocked with organic matter in a decaying condition,

nitrogen fertilizers take a secondary place, especially for general

field crops in rotation. A little readily available nitrogen for special

purposes may often be used to advantage as on fall and early spring

grain and vegetable crops.

Potassium, the most abundant of the plant food elements, is, there-

fore, least likely to be deficient. Not only the total supply of the

elements but especially their availability, are matters for considera-

tion. Fertilizers may be used to supply readily available food in the

presence of a large total supply.

In the management and improvement of any particular soil, atten-

tion to and correction of the soil in the order of these five courses or

conditions will insure the maximum results from each. They will

insure the maximum utilization of the natural capacity of the soil

and finally the best possible basis upon which to apply purchased

plant food materials. In other words this diagram represents the

practical combination of treatments for economical and permanent

improvement, in the light of all the available scientific data relative

to fertility of the soil.

—

Elmer O. Fippin, Cornell University,

Ithaca, N. Y.

THE SHAPE OF CORN KERNELS.

The writer was very much interested during his visit to the National

Corn Exposition at Omaha in December, 1909, in studying the shape

of the individual kernels of the prize-winning ears from each of the

several states. He was fortunate enough to secure one or more

kernels from the first-prize ears from each of sixteen different states,

as well as a kernel from the first-prize, second-prize and third-prize

World's Championship ears (Fig. 6).

A close study of these kernels shows them to be strongly rectangu-

lar in shape, that is, relatively deep in comparison to width. The
average depth of the " corn belt " kernels is .57 inch and the width

.30 inch. Those from the states east, west and north of the corn

belt have an average depth of .46 inch and a width of .31 inch.

In a majority of all cases the kernels are almost flat on top and taper

just enough to make them sufficiently wedge-shaped to allow no

space between rows.

Numerous experiments seem to indicate that the size and shape

of the ear is not closely correlated with the yield of shelled corn
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NATiONAL CORN SHOW

1909

World's Championship

2nd prize p^j^^ drd prize

State Chompionahips

Col. Conn,
J|( Iowa

'1/

Kon, M>oh. Minn,
Mont.

f I-

N«to. N, DqK. Tenn.

Fig. 6.—A kernel of corn from each of nineteen prize-winning ears, exhibited

at the National Corn Exposition, Omaha, 1909.

per acre. Since the size and shape of the kernel, however, obviously

have much to do with the bulk and weight of shelled corn from a

given number of ears, it is important that some consideration be

given to this in the selection of seed.
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The usual large yield of dent than of flint corn per acre is not

only due to the larger number of kernels on an ear, but to the larger

size of the kernels. Looking at a cross section of an ear of corn,

we see the cob as constituting a core with a zone of kernels surround-

ing it. The wider this zone of kernels, or in other words the greater

their depth, the greater will be the bulk and weight of shelled corn.

The kernels of flint corn are relatively thick and wide and shallow

as compared with dent. The effect of the shallowness, however, is

somewhat compensated for by the usual greater length of ear.

One of the important things to remember, therefore, in selecting

corn for seed, whether of the flint or dent type is to get kernels with

a good depth, which also means a large germ, and with tops rounded

as little as possible.—F. W. Taylor, Department of Agronomy, New
Hampshire College, Durham, N. H.

A FIRE PROBABLY CAUSED BY SLAKING LIME.

At I A. M. on the morning of February 12, 1913, the west barn

at the Hays Branch Experiment Station, Hays, Kansas, was found to

be burning. The fire was so far advanced and burned so rapidly

that the barn, 26 horses and considerable equipment were totally

destroyed, causing a loss of approximately $10,000.

The barn was a low, L-shaped structure, well built and entirely

enclosed. Feed storage rooms with concrete floors were located at

the ends of the heel. Alleyways ran the length of each wing and con-

nected the feed rooms. The inside construction was entirely of wood.

Less than a half ton of hay was in the bay near the heel of the building.

A door at the end of one wing was opened by the superintendent

of the farm, but the smoke inside was so dense that he could not

enter. There was no sound or sign of life within the building. It

is supposed that the horses were suffocated in their sta/ls by the

smoke. It was later found that only four horses had broken their

halters and moved out of their stalls.

The indications are that the fire originated near the heel and spread

through the litter or the alleyways. The night being cold, the doors

were closed and latched and few windows were open. The barn

foreman made his last round between eight and nine o'clock in the

evening, and the electric current was switched off at ten o'clock.

It is thought that the fire started from the slaking of lime. Dur-

ing an epidemic affecting the horses during the summer of 1912, air
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slaked lime was used in the stalls after each cleaning, and this was

still practiced at the time of the fire. It was customary to purchase

several barrels of lime at a time, to sift out the slaked lime end

allow the large pieces to air slake. The barn had been given a thor-

ough cleaning on the day preceding the fire, and lime had been

sprinkled in each stall as was the custom. During the process of

clearing away the debris after the fire a number of small pieces of

unslaked lime were found, none being over a half ounce in weight.

Some of these were taken out to open ground by the farm foreman

and the process of slaking started by the addition of water. A hand-

ful of hay laid over the lime in one case and some scraps of paper in

another were ignited within a half minute.

This brief review is given in the hope that the lesson learned here

at such terrible cost may be of value to others.

—

Geo. K. Helder and

F. A. KiENE, Jr., Hays Branch Experiment Station, Hays, Kans.

THE TRADE IN REGISTERED SEED.

Registered seed, that is, seed which represents the progeny of

Elite Stock Seed and which has been grown according to the regula-

tions and has passed the inspection of the Canadian Seed Growers'

Association, has been in greater demand during the past spring than

during any other year in the history of this organization. This de-

mand was due primarily to the fact that, owing to the very unfavor-

able season of 1912, the crops produced on many farms were rendered

useless for seeding purposes, thus necessitating the purchasing of

seed by the growers. Where formerly many of these growers would

have been content to purchase ''just seed," the spring of 1913, thanks

to the educational propaganda which has been prosecuted by the

Dominion Seed Branch and the many provincial agencies, found

them anxious to invest only in seed of the purest kind and of the

very best quality and breeding. Unfortunately the supply of regis-

tered seed was inadequate to meet the demand, many purchasers

having to obtain seed from sources not equipped to provide a first

class article in all practical particulars.

The superiority of registered seed over ordinary seed in regard to

such matters as yield, purity, and uniformity of growth and maturity

has everywhere been demonstrated during the past season. In order

to obtain definite information showing how these two classes of seed

compare in regard to the points mentioned, a special letter was sent



BRIEFER ARTICLES. 53

in December, 19 12, to all persons who had purchased registered seed

for seeding during the previous spring. The replies received have

been exceedingly significant and more than confirm our belief in the

utility of the use of registered seed. Registered Banner oats pur-

chased by thirty growers averaged 51 bushels per acre as compared

with 43.5 bushels obtained from ordinary Banner sown on the same

farms. The weight per measured bushel of registered Banner was 41

pounds, while that of the non-registered seed was 35.8 pounds. All

growers commented especially on the superiority of this seed as re-

gards uniformity of growth and maturity. Many also referred to its

remarkable purity. Many special letters were received from those

who had purchased registered seed and who wished to testify more

in detail as to the satisfactory results which had been obtained from

its use. The following extract from one of these letters is significant:

"The Toronto oats (non-registered seed) produced a straw which

was a little shorter and very much weaker, fully one third of the piece

being down when I w^ent to cut it, while practically every bit of

registered oats stood upright, although sown side by side and under

the same conditions. When I went to cut it, I called the attention of

my man to it and I do not care to write the words he used, but one

could see the difference clear across the field."

Steps are being taken by the Association to encourage the organiza-

tion of local seed centers which shall be widely scattered throughout

Canada, so as to avoid a general shortage in supply due to unfavor-

able seasons. Alany farmers at present grow excellent crops which,

with a little extra care, might produce seed of excellent quality and

purity, but the work of growers who operate independently seldom

becomes widely-known or properly recognized. It is the aim of our

Association to work in sufficiently close affiliation with a large number

of our best growers, that it may be in a position to vouch for and to

recommend the product of these growers to purchasers. There is at

present a splendid opportunity for the organization of seed centers,

especially in districts which are relatively free from such noxious

weeds as wild oats and other weeds, the seeds of which are difficult

to separate from the sample. The rapid spread of these pests makes

it more and more difficult to find districts covering any very con-

siderable area which are free from bad weeds and where the grow-

ing of high-class seed grain might be made a profitable business.

This fact makes it highly desirable that as many as possible of our

best districts take up the growing of grain for seeding purposes in

order that the class of seed which passes through the ordinary chan-

nels of trade may be as pure as possible.
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A few of the large seed dealers in Canada have purchased con-

siderable quantities of registered seed and have proven themselves

excellent media for its wide distribution. The policy of the Associa-

tion is to encourage these and all others who desire to handle regis-

tered seed since the greater the quantity that is produced and dis-

tributed the greater is the interest likely to become in the use of

high class seed of all kinds. A number of seed centers have been

organized especially in Ontario and Quebec during the past spring

and the Association confidently hopes to see many more established

during the present year. All buyers of seed would do well to keep

closely in touch with these developments.—L. H. Newman, Ottawa,

Ontario, Canada.

A NEW LINE OF AGRICULTURAL EXTENSION IN IOWA.

A new line of agricultural extension work now being undertaken

by the Iowa State College is " the investigation of local farm prob-

lems to determine and authorize a proper working system of soil

management and farm practice for each farm or locality." Any
farmer who is not satisfied with his present farming methods or who
has local soil management problems which he is unable to solve, may
call on the agricultural extension experts, who will carefully investi-

gate his farm, examine the soil, study his business methods and local

conditions, and from the data thus secured the expert will propose a

practical working plan as regards special treatment of soil in differ-

ent fields, rotation of crops, and other items which should be put into

practice in order to make that particular farming proposition more

profitable and permanent.

This work is not intended to duplicate or interfere with the work

of the county demonstrator but rather to assist such work in its more

difficult phases and also to introduce the work in counties where

advisors have not yet been elected.

There is no question about the value of this kind of service. Often

a farmer is greatly hampered in his farming by a lack of system or

method, or perhaps some simple problem of soil or crop management

which he has not even attempted to solve may be the cause of failure

or of decreasing returns. A little help from one who is experienced

and able to note these errors and propose a practical plan for their

correction may often change failure to success and discouragement

to a happy contentedness which every successful farmer should feel

and possess.
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In the judgment of the writer this direct appHcation of science to

the business and practice of farming by an agricultural extension

service is of far greater importance and of more lasting value than
the platform speaking and publishing of bulletins and circulars which,

up to this time, has constituted the larger part of the service which
these departments have given to the farmers.—A. M. TenEyck, Ex-
tension Department, Iowa State College, Ames, la.

USE OF DEMONSTRATION PLATS IN TEACHING AGRONOMY.

The practical value of theoretical instruction is always emphasized

by laboratory tests and greenhouse and field observations. From a

pedagogical standpoint w^e often underestimate the importance of

demonstration field work. The definite information, cultural value,

and mental discipline incident to study of the field crops and fertilizer

tests are best obtained by seeing, which is believing, what we are

studying.

Probably all will agree that a physical soil test is necessary to

ascertain the available plant food and fertilizer needs of any given

field. Students readily see and appreciate the effects of different

quantities and combinations of plant nutrients in such tests.

What are some of the essential details for success in student demon-

stration plant work? In the first place, our field plats should be well

located with reference to the assembly hall. It is often abvisable for

the student to visit these plats daily, and at times the class adjourns

from the lecture room to the fields. The type of soil, its physiography,

and fertility should be best suited to our field crops. It may be neces-

sary to rebuild the soil.- Proper preparation of the land, as by thor-

ough drainage, deep fall plowing, the application of humus and other

plant food, and the destruction of noxious weeds is very essential.

Good farm machinery, suitable teams and competent farm labor

are indispensable. By failing to secure these, success in our work will

be impossible. College authorities may readily spend $75,000 for

equipment for teaching agricultural chemistry, or $50,000 for teaching

animal husbandry, which equipments are essential, and at the same

time view with awe the expenditure of as much as $10,000 for the

study of field and forage crops and for demonstrating practically

theoretical instruction in plant growth. We should insist that this

equipment be supplied.
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Having thoroughly prepared the land and converted it into at-

tractive field plats, with two foot walks between, we should secure

good seeds of all crops to be studied. All work done on these plats

should illustrate and emphasize class room instruction. Plant life is

studied from germination of the seed to maturity of the plant. Con-

trasting characteristics in different varieties are carefully noted and

those varieties of greatest economic importance are recommended.

By judicious use of the demonstration plats the students plant,

grow, handle, cultivate, draw, study, harvest and become familiar

with the crops under consideration. This information can be secured

in no other way.—^J. C. Robert, Mississippi Agricultural College,

Agricultural College, Miss.
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FOREWORD.

The change in form of publication from an annual volume of pro-

ceedings to a serial journal is the logical result of the growth of the

Society. Four numbers, of about 64 pages each, will be issued for

the year 1913, notwithstanding the delayed appearance of this first

number. There was little opportunity for editorial conference regard-

ing the makeup of the Journal. The* present form and style is ten-

tative and subject to change if sufficient cause develops. Obviously

the way to begin is to begin, and on any given beginning improvement

may be based. Neither apology for the present nor prophecy for the

future need be made.

The Journal should both reflect and guide the expanding activities

of the Society. It is the desire of the board of editors to make it of

the fullest possible value to the members. This desire is expressed in

the plan followed in this number of presenting the matter in three

fairly distinct departments, namely, (i) technical papers of some

length, (2) briefer articles, which afford opportunity for the publica-

tion of useful data too brief for ready publication through regular

channels, and (3) personal and scientific notes and news. Contribu-

tions for all these departments are solicited and suggestions regarding

the Journal will be welcomed.

The third department, ''Agronomic Affairs," is devoted to the

affairs of the Society, of its members, and of the institutions they rep-

resent, in so far as these are of agronomic interest. The cordial sup-

port of the entire membership is requested in order that this space

may be filled with matter of interest and value. There are definite

ways in which each member can share the burden and the resulting

benefit, namely

:

1. By obtaining new members.

2. By giving prompt notice of change in address and reminding his

confreres to do the same.

3. By submitting items of news regarding changes in title or posi-

tion for himself and for other agronomists.

4. By furnishing notes concerning agronomic research and teaching

in institutions with which he is connected.

57
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SPECIAL MEETING OF THE GREAT PLAINS SECTION.

A special summer meeting of the Great Plains section of the Society

will be held at North Platte, Nebraska, on August 19, 20 and 21.

This is a joint meeting with the Great Plains Cooperative Association,

an informal body composed of the representatives of the U. S. De-

partment of Agriculture and the state agricultural experiment stations

who are conducting cooperative agronomic investigations in the Great

Plains area. All members of the American Society of Agronomy
from the states lying wholly or partly in that area are invited and

urged to attend this meeting and to prepare papers for presentation

thereat. The states are as follows : Colorado, Kansas, Montana,

Nebraska, New Mexico, North Dakota, Oklahoma, South Dakota,

Texas and Wyoming. Members from other states who find it con-

venient to attend will be welcomed.

There should be fully fifty men from the experiment stations in the

states named and an equal number of federal investigators. This

means an unrivaled opportunity to meet a group of men engaged in

problems similar to your own. Plan to be present and to bring a

paper for presentation and discussion.

Papers should deal with some phase of agronomic research in the

Great Plains area. The program committee consists of Prof. Alvin

Keyser, chairman, Experiment Station, Fort Collins, Colo., and Prof.

F. T. Shutt, Experiment Farms, Ottawa, Canada. Titles and the

number of minutes required for presentation should be sent to Pro-

fessor Keyser at the earliest possible date.

The third number of the Journal will consist largely of papers

resulting from the North Platte meeting and will go to press imme-

diately after the event. Suitable papers which have been prepared in

shape for the printer will gain almost immediate publication. To
make certain of this, they should be original typewritten copies (not

carbon copies) double or triple-spaced, with wide margins, on firm

paper, the citations of literature and other footnotes complete and con-

secutively numbered. Special care should be given to the arrange-

ment of tabulated matter, to table headings and to the description of

illustrations. Follow the forms used in volumes 3 and 4 of the Pro-

ceedings of this Society. Drawings or photographs intended for

illustrations must accompany the manuscript. Drawings should be

in India ink and photographs should be glossy prints, glossy velox

preferred.
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ANNUAL MEETING OF THE SOCIETY.

The annual meeting will be held in Washington, D. C, on Novem-
ber lo and II, 191 3, just previous to the meeting of the Association

of Agricultural Colleges and Experiment Stations. The official call

of the program committee will appear in the next issue, which follows

this one very shortly. In the meantime members should begin prepa-

ration of papers for presentation at Washington. The fourth number

of the Journal will go to press immediately after the meeting.

Acceptable papers in proper condition for the printer, as described

above in connection with the Great Plains meeting, will be assured of

very prompt publication.

MEMBERSHIP CHANGES, JANUARY-MARCH, 1913.

At no time in the history of the Society has the membership been

growing as rapidly as during the current year. This is the natural

result of the steadily increasing strength and activity of the Society,

plus the interest and enthusiasm awakened by the proposed journal.

Twenty men have applied for and received membership in the first

three months of 191 3, compared with nine in the same period of 1912.

Two members have resigned. The total membership on March 31

was 313. In the next issue of the Journal will be given the names

of those, if any, whose memberships lapsed automatically on April i,

through non-payment of dues for 191 2.

Nev^ Members.

Allyn, Orr M., Experiment Station, Urbana, 111.

Burnett, L. C, Dept. of Agronomy, Iowa State College, Ames, Iowa.

Carroll, J. S., 1212 Empire Building, Atlanta, Ga.

Douglass, T. R., University of Missouri, Columbia, Mo.

DuNLOP, George, Iowa State College, Ames, Iowa.

Garver, Samuel, Dept. of Agronomy, State College, Brookings, S. Dak.

Hegnauer, Leonard, Experiment Station, Urbana, 111,

Hume, A. N., Dept. of Agronomy, State College, Brookings, S. Dak.

HuTTON, J. G., Dept. of Agronomy, State College, Brookings, S. Dak.

KoEBER, James, Experiment Farm, Davis, California.

LeClair, C. a., Agricultural Building, Univ. of Mo., Columbia, Mo.

LoDS, E. A., 1 106 Temple Building, Toronto, Canada.

Loomis, Howard, Dept. Agronomy, State College, Brookings, S. Dak.

Newman, C. L., Coll. of Agriculture, West Raleigh, N. C.

Palm, A. W., Extension Department, State College, Brookings, S. Dak.

Sanderson, H. M., Dept. Agronomy, State College, Brookings, S. Dak.
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Sloan, Samuel L., Dept. Agronomy, State College, Brookings, S. Dak.
Smith, Raymond S., 502^ S. Goodwin Ave., Urbana, 111.

Taff, p. C, Iowa State College, Ames, Iowa.

White, J. W., State College, Pa.

Members Resigned.

M. J. Thompson, G. F. Warren.

Changed Addresses.

Out of a total membership of 296, thirty members reported a change

in position and location during 1912. This was 10 percent of the

membership, and probably is a fair indication of that phase of agro-

nomic activity in America during the past year. During the first

three months of 1913, however, no less than 19 members have an-

nounced changes of position. On the basis of 313 members this shows

a movement of 6 percent of the membership during this quarter. As

a matter of fact most of the changes probably took place in the last

months of 191 2, but were not reported until later. This fact does not

affect the importance of the figures, however. Some part of this

rapidly increasing movement of agronomic workers is due, no doubt,

to a corresponding increase in positions devoted to agronomic teaching

and research. Most probably, however, the greater part of it is caused

by the enormous expansion of extension work in agronomy, especially

in the matter of state, district and county agents. Not nearly all the

movements recorded are to such positions, but usually one such transi-

tion is the immediate cause of several others before equilibrium is

finally restored.

The following is a list of corrected addresses for January to

March inclusive. There are 21 names in this list but in each of two

cases there was a slight change in address without any change in the

position occupied.

BiNFORD, E. E., Beeville Substation, Beeville, Texas.

Bower, H. J., Parsons, Kansas.

Brown, B. E., Bureau of Soils, U. S. Dept. of Agriculture, Washington, D. C.

Brown, J. Stanford, R. F. D., Box 38, Black Hall, Conn.

Crabb, Geo. A., College of Agriculture, Athens, Ga.

Engle, C. C, College of Agriculture, Ithaca, N. Y.

Free, E. E., Monadnock Building, San Francisco, Calif.

Jodidi, Samuel L., B. P. I., U. S. Dept. Agriculture, Washington, D. C.

Laude, Hilmer H., County Supervisor, Palmyra, Mo.
Lill, J. G., Garden City Substation, Garden City, Kans.

McKnigiit, H. L., Bryan, Texas.
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MiXNs, Edward R., Chamber of Commerce, Binghamton, N. Y.

Morgan, G. W., Osborn, Mont.

Napier, J. M., Jordan, S. C.

Nash, C. W., Public Schools, Carrington, N. D.

Newton, Robert, Central Experiment Farm, Ottawa, Canada.

Potter, Harry B., 332 W. Grand Ave., Springfield, Ohio.

Tinsley, J. D., Brownwood, Texas.

Turlington, J. E., Farm Life School, Vanceboro, N. C.

Winters, R. Y., Experiment Station, East Raleigh, N. C.

WooDWORTH, C. M., Box 226, Madison. Wis.

NOTES AND NEWS.

Prof. M. A. Carleton, cerealist of the U. S. Department of Agri-

culture and first president of this Society, has been on furlough since

June 15, 191 2, engaged as manager of the Pennsylvania State Chest-

nut-Blight Commission with headquarters in Philadelphia.

Dr. L. A. Chnton, who was director of the Storrs (Conn.) Agri-

cultural Experiment Station at the time of his election to the presi-

dency of this Society, resigned that position in December last to

become the superintendent of farm management studies in the North

Atlantic and New England states for the Office of Farm Management
of the U. S. Department of Agriculture.

Prof. W. M. Jardine, agronomist of the Kansas Agricultural Col-

lege and Station, was appointed dean of agriculture and acting director

of the station in January.

Prof. Willet M. Hays, Assistant Secretary of Agriculture for the

past eight years, has been seriously ill. He sufifered a nervous break-

down through overwork in connection with a series of volumes he

was preparing for publication, in addition to his active interest in the

progress of vocational education and the duties of secretaryship of

the American Breeders Association. He was under appointment to

organize the rural educational service of Argentina, but probably can

not take up active duties again for some months.

Mr. C. W. Warburton, of the office of cereal investigations, U. S.

Department of Agriculture, is joint author with Prof. A. D. Wilson,

of the Minnesota College of Agriculture, of a work entitled " Field

Crops," published by the Webb Publishing Company of St. Paul,

Minn.

Mr. C. S. Scofield of the office of western irrigation agriculture,

U. S. Department of Agriculture, has taken leave of absence for sev-
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eral months. He is accompanying a wealthy young New York
Hebrew in an agricultural tour of the United States for the purpose

' of showing him the broad phases of American agricultural practice,

especially in relation to crop production.

Prof. R. W. Thatcher, president of this Society in 1912, has re-

signed the directorate of the Washington Experiment Station to be-

come professor of agricultural chemistry at the Minnesota College of

Agriculture and Experiment Station and will enter on his new duties

May I.

Director Charles E. Thorne, of the Ohio Experiment Station, has

been obliged to issue the following statement

:

''A Newspaper Forgery.—A statement has been circulated through

the press of Ohio to the effect that an official of the Ohio Experiment

Station had ' predicted the almost total ruination of the wheat crop of

Ohio as a result of the recent flood.' This statement is an absolute

falsehood, concocted by a representative of a journal notorious for its

irresponsibility. No officer of the Ohio Experiment Station has made
any such prediction.

" As the circulation of such falsehoods is injurious to the Station,

journals which give space to this correction will confer a favor which

will be highly appreciated.

" Chas. E. Thorne,

Director."

The Mississippi Agricultural College issued in March the first num-

ber of an eight-page quarto entitled " The Mississippi Agricultural

Student." It is announced as a quarterly magazine devoted to the

advancement of agricultural education. The papers contained are

illustrated by some excellent half-tones. Director J. C. Robert, of

the experiment station, is editor-in-chief.

The division of agricultural chemistry and soils of the department

of agriculture of the University of Minnesota has just inaugurated a

thorough study of the composition and food value of a native cereal

known commonly as "wild rice" {Zizania aquatica L.). This plant

grows luxuriantly in the swamps of northern Minnesota and is har-

vested chiefly by the Indians and by them prepared for food, using

very crude methods. The product thus prepared is highly prized for

human food and finds very ready sale. The purpose of the investiga-

tions is to make a careful study of the comparative food value of this

native cereal and of methods of preparing it for use in a more cleanly

and sanitary manner than that used by the Indians.
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Mr. M. O. Pence, assistant agronomist of the Delaware Experiment

Station, resigned March 15 to manage his farm in Indiana. His place

has been filled by the appointment of Mr. W. A. Lintner, formerly

instructor in agronomy at the Iowa Agricultural College. Mr. Lintner

is a graduate of the agricultural college of Purdue University, class

of 1911.

The division of agricultural chemistry and soils of the department

of agriculture of the University of Minnesota has recently arranged

for a very extensivee study of the effect of the moisture content of

grain upon its qualities. The grains which are to be investigated will

include wheat, flax, rye, barley and oats, although the first season's

work will be wholly with wheat and flax.

The work is to be carried on in cooperation with the State Railway

and Warehouse Commission, the State Board of Grain Appeals, and

the Great Northern Elevator Company. The Elevator Company will

furnish the storage bins and the grain of varying moisture contents in

lots of 2,000 bushels each. The State Boards will bear all the expense

of installing the necessary equipment and the investigations will be in

direct charge of Mr. C. H. Bailey, the cereal technologist of the ex-

periment station. It is the intention to carry on these investigations

both at Duluth and at Minneapolis until sufiicient data are obtained

to permit definite conclusions upon this important problem in the

handling of grain.

Professor C. F. Shaw, assistant professor of agronomy, who had

charge of the instructional work in soils in the Pennsylvania State

College, resigned the first of the year to accept the chair of soil tech-

nolog>- in the University of California. Professor E. L. Worthen, in

charge of field soil experiments for the North Carolina Department of

Agriculture, was elected assistant professor of agronomy to fill the

vacancy made by Professor Shaw's resignation.

The Pennsylvania State College graduated 98 men in four-year

courses in agriculture in June. Fourteen of these received their de-

grees in the agronomy option.
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COMING EVENTS.

Under this caption it is proposed to keep a standing schedule of

coming meetings of various organizations more or less closely con-

nected with agronomy. Secretaries of such bodies are invited to

furnish information regarding their meetings.

American Society of Agronomy.

Special meeting of Great Plains section at North Platte, Neb.,

August 19, 20, 21. (Joint meeting with the Great Plains Cooperative

Association.)

Annual meeting, Washington, D. C., November lo-ii, 1913. (In

connection with meetings of Assoc. Agric. Coll. and Exp. Stations.)

American Association for the Advancement of Science.

Atlanta, Ga., December 28, 1913-January 3, 1914,

American Association of Agricultural Engineers.

Chicago, 111., December 29-31, 191 3.

American Chemical Society.

Rochester, N. Y., September 9-14, 1913.

American Farm Management Association.

Association of Agricultural Colleges and Experiment
Stations.

Washington, D. C, November 12-14, 1913-

Association of Feed Control Officials.

Washington, D. C, November 17-18, 1913.

Association of Official Agricultural Chemists.

Washington, D. C, November 17-19, 1913.

International Dry Farming Congress and Exposition.

Tulsa, Okla., October 22-November i, 191 3.

National Corn Exposition.

Dallas, Texas, (dates to be announced.)

Society for the Promotion of Agricultural Science.

Washington, D. C, November ii, 1913.
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A DISCUSSION OF CERTAIN METHODS USED IN THE STUDY
OF " THE ASSOCIATIVE GROWTH OF LEGUMES AND

NON-LEGUMES."

T. L. Lyon and J. A. Bizzell,

Department of Soil Technology, Cornell University, Ithaca, N. Y.

In Bulletin 253 of the New Jersey Experiment Station, Dr. J. G.

Lipman takes exception to a statement made by the undersigned in

Bulletin 294 of the Cornell University Experiment Station. The state-

ment to which he objects reads as follows : That a legume may

benefit a non-legume growing with it, by causing the non-legume to

contain a larger quantity of nitrogen or protein, seems never to have

been ascertained."

In his bulletin Dr. Lipman gives a review of a part of the literature

dealing w^ith the growth of legumes with non-legumes, by means of

which he endeavors to prove that this fact has been well known

throughout historic times.

Somewhat less than two years ago Dr. Lipman, in discussing the

same bulletin and the same statement to which reference has just

been made, stated that " the priority of this discovery belongs to the

Xew Jersey Experiment Station." This statement was published by

him in the Scientific American shortly after our bulletin appeared.

The following communications to that paper may explain why Dr.

Lipman has waived his claim to priority in favor of primitive man.
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" Nitrogen in the Soil.i

" To THE Editor of the Scientific American :

" In the issue of your paper dated July ist, there appears on page 9 an article

entitled, * An Important Contribution to the Nitrogen Problem.' This article

refers to a bulletin published by Lyon and Bizzell of Cornell University, and

entitled ' A Heretofore Unnoted Benefit from the Growth of Legumes.' I am
writing to correct an error, since the priority of this discovery belongs to the

New Jersey Experiment Station. A preliminary statement of these experi-

ments is made in the annual report of the Office of Experiment Stations, U. S.

Department of Agriculture, for the year 1909, p. 150, A copy of this report

may be secured from the Director of the Office at Washington.

"A full statement of these experiments was submitted to the Journal of

Agricultural Science, published at Cambridge, England, in the summer of

1909. After much delay this paper was published in the fall of 1910. The
paper in question is abstracted in the Experiment Station Record for April,

191 1, page 423. The enclosed copy of this paper will show you that the

problem was solved in a very exact manner by a method devised at the New
Jersey Experiment Station.

" I should feel indebted to you for calling attention to this fact in the columns

of your paper.

"Jacob G. Lipman, Acting Dir.

" New Brunswick, N. J."

There can be no doubt that when Dr. Lipman thought that he was

the first to publish on this subject he considered it an addition to the

knowledge regarding the association of legumes and non-legumes.

The other two communications were as follows:

" Nitrogen in the S01L.2

" Editor of the Scientific American :

"It has just now come to our notice that in the edition of the Scientific

American published August 19, 191 1, there was a communication from Dr. J.

G, Lipman of the New Jersey Agricultural Experiment Station in which he

claims that the priority of discovery that " a legume may benefit a non-legume

growing with it by causing the latter to contain a larger quantity of nitrogen

than if the non-legume were grown alone" rests with him, or as he expresses

it, with the New Jersey Experiment Station. If his objection is based on the

contention that this fact was announced by him before it was by the under-

signed, his position is untenable, as we published conclusive evidence of this

in the Journal of Industrial and Engineering Chemistry, July, 1910, and also

presented it at the Omaha meeting of the American Society of Agronomy,
December 7-8, 1909. The latest of these was several months previous to the

appearance of the article in the Journal of Agricultural Science, Vol. Ill,

Part III, and the note in the Report of the Office of Experiment Stations for

1909 in which Dr. Lipman claims to have made a similar announcement, both

of which publications appeared in October, 1910.

1 Scientific American, August 19, 1911, p. 167.

2 Scientific American, December 2, 1911, p. 507.
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"Our article on 'Availability of Soil Nitrogen in Relation to the Basicity

of the Soil and to the Growth of Legumes ' contained a detailed description

of our investigation including statements of analysis of the non-legumes grown

with and without legumes. This article was received by the editor of the

Journal of Industrial and Engineering Chemistry on April 21, 1910, and

appeared in July of that year. The articles published by Dr. Lipman in which

he claims to have made a similar announcement were the following :
' A

Methed for the Study of Soil Fertility Problems,' which appeared in the

Journal of Agricultural Science, Vol. Ill, Part III, and was received at the

Cornell University Library on October 12, 1910, and a brief note in the annual

Report of the Office of Experiment Stations for 1909, which publication bears

the date of issue October 10, 1910, on its cover.

" It will be noticed that both of these publications appeared several months

after our article in the July number of the Journal of Industrial and Engi-

neering Chemistry. In neither of Dr. Lipman's publications are any figures

given to show that the fact had been demonstrated that legumes may increase

the nitrogen content of non-legumes growing with them.
" We have a high respect for Dr. Lipman's work, and have no doubt that

he had come to the same conclusion that we had reached as the result of his

own work, but we feel that it was only proper that we should make this

explanation to show that we announced the fact before Dr. Lipman did, and

furthermore published our results in detail. We regret that a public expla-

nation is necessary, but the communication in the August 19 number of this

Journal requires this. It is altogether probable that Dr. Lipman failed to see

our article in the Journal of Industrial and Engineering Chemistry before

he wrote his communication.
" T. L. Lyon.

"J. A. Bizzell."

" Nitrogen in the Soil.^

" To THE Editor of Scientific American :

" I am in receipt of a copy of the letter of Drs. Lyon and Bizzell of Cornell

University.

" Their contention that they were the first to announce the fact that non-

legumes may secure a supply of combined nitrogen from legumes (when the

two are growing together) should be qualified. According to their own
admission, their first article was received by the editor of the Journal of

Industrial and Engineering Chemistry on April 21, 1910, and appeared in July,

1910. The enclosed letter from Professor A. D. Hall, Director of the Roth-

amsted Experiment Station, and editor of the Journal of Agricultural Science,

will show you that my article was received by him in August or early Sep-

tember of 1909. Unfortunately, however, the issue of the number of the

Journal of Agricultural Science, containing my article, was delayed for more
than a year, and the article in question appeared in print, therefore, in 1910,

instead of 1909. In this article of mine, I state distinctly that the non-
legumes, separated by a porous wall from the legumes, were able to obtain

very considerable quantities of combined nitrogen. Furthermore, the photo-

graphs show distinctly the benefit derived from the association. I did not

submit analyses, even though those had been made, since I did not regard it

3 Scientific American, December 9, 1911, p. 539.
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necessary to submit figures in a preliminary publication. Furthermore, the

bulletin published by Drs. Lyon and Bizzell, and entitled ' A Heretofore Un-

noted Benefit from the Growth of Legumes' is dated March, 191 1. In other

words, this was submitted to the printer several months after my article in

the Journal of Agricultural Science appeared in print. According to the

admission of Drs. Lyon and Bizzell, the number of the Journal containing

this article was received at the Cornell University Library in October, 1910.

Hence, they were not justified in designating their bulletin as they did by the

title given above.

" It will be shown by the writer (in his forthcoming bulletin) that the

beneficial effect of legumes or non-legumes was noted and recorded many
years ago; in fact, empirical observations on this subject were recorded more

than one hundred years ago in English books on agriculture. Hence, the

writer does not claim that he was the first to observe this effect. Nor are

Lyon and Bizzell justified in making this claim for themselves. It is the con-

tention of the writer that he was the first to demonstrate in an exact and

scientific way (by properly controlled pot experiments) that diffusion of

nitrogen compounds out of the roots of legumes takes place, and that these

nitrogen compounds may diffuse through sandy soil and through porous

earthenware, and may be absorbed by non-legumes separated from the legumes

in this manner.

Jacob G. Lipman, Director.

New Jersey Agricultural College Experiment Station,

New Brunswick, N. J.

It is quite evident that it was after we had shown that our first

publication on this subject antedated any by Dr. Lipman that he made

any reference to the fact having been previously known.

We admit that we overlooked Dr. Lipman's article in the Journal

of Agricultural Science, otherwise we would have noted it in our

Bulletin 294, and the title would have been changed. The title of his

article, " A Method for the Study of Soil Fertility Problems," was

not of a kind to attract our attention when looking up the subject of

legumes. It is equally evident that Dr. Lipman failed to note our

article in the Journal of Industrial and Engineering Chemistry.

In none of the articles cited by Dr. Lipman in his recent bulletin

to show the antiquity of this knowledge is there an analysis of the

plants to give an indication of the quantity of nitrogen they contained.

Only observations on the growth of non-legumes with legumes are

cited, which observations surely give no definite information on the

nitrogen contained by the non-legumes when grown alone and in asso-

ciation with the legumes.

Dr. Lipman objects to the methods we employed, and states that we
based our conclusions entirely on the nitrogen content of the non-

legumes grown alone and in association with a legume. This is not
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the case, as we devoted a considerable part of the bulletin to a discus-

sion of the rate of nitrate formation in soil on which alfalfa and

timothy had grown, and demonstrated that the growth of the legume

caused the soil to nitrify more rapidly than did the growth of the non-

legume, also that alfalfa did not exhaust the nitrates as low as did

timothy, thus leaving a larger quantity of readily available nitrogen

at the disposal of the timothy plants in the soil on which alfalfa grew

with the timothy. We also showed that on limed soil, on which al-

falfa made a better growth than on unlimed soil, the timothy associated

with the alfalfa had a higher nitrogen content than on unlimed soil,

indicating a more beneficial action of the legumes where the growth

was better.

The method used by Dr. Lipman " to demonstrate in an exact and

scientific way (by properly controlled pot experiments) that diffusion

of nitrogen compounds out of the roots of legumes takes place, and

that these nitrogen compounds may dififuse through sandy soil and

through porous earthenware, and may be absorbed by non-legumes

separated from the legumes in this manner," as stated in his second

letter to the Scientific American, is described in Bulletin 253.

Let us examine the results of the method. The first table giving

the results is on page 23. The yields of dry matter and nitrogen are

given for two oat crops, one grown in a small porous earthenware pot

imbedded in sand or soil contained in a larger pot, the other grown in

a similarly arranged but glazed earthenware pot. In the outside pot

peas w^ere grown. Rye was grown in a similar manner with vetch in

the outside pot. Both experiments were conducted m duplicate. In

one unglazed pot the yield of nitrogen in the oats was 345.4 mgs. ; in

the duplicate 32.2 mgs. In one unglazed pot the rye contained 104.0

mgs. nitrogen ; in the duplicate 27.2 mgs.

It is absurd to call this " a properly controlled pot experiment

"

when the duplicates differ by several hundred percent ; nor can any

proper conclusions be drawn from such an experiment. The author

admits that the moisture in the inside pot was not " controlled " as it

could not be weighed. That, or some other factor, has produced in

three of the four tests an experimental error that is many times

greater than any difference that could be obtained through the influ-

ence of the legume.

The next table giving results with this method is on page 26. In

this experiment clover was grown in both inner and outer pots in one

case, in another barley was grown in the inner pot and clover in the

outer, in a third barley was grown in both the inner and outer pots.
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and in a fourth clover was grown in the inner and barley in the outer.

In all four tests both glazed and unglazed inside jars are used. It is

argued that because the non-legume in the inner unglazed pots yielded

more nitrogen than did the non-legume in the glazed pots the nitro-

genous material from the legume had passed through the unglazed

pots and had been utilized by the non-legume. However, it will be

seen that in those pots in which clover was grown in both the inside

and the outside pots, and barley grown in both these pots the crop in

the unglazed pot yielded more nitrogen in both cases than did the crop

in the glazed pot. The result, therefore, is the same whether the non-

legume and legume be grown together, or whether each be grown

alone.

It may be seen in this table that the yields of nitrogen in the inner

tmglazed pots are always larger than in the inner glazed pots, and that

the yields of nitrogen in the outer unglazed pots are uniformly lower

than they are in the outer glazed pots. This relation obtains whether

legumes or non-legumes are in the outside or inside pots, or whether

the same character of crop is on both sides. It is the only relation

that holds consistently for all the tests in these pots and it fully

demonstrates that the nitrogen absorption of the non-leguminous plants

is more largely influenced by other factors than it is by the growth of

the legume.

The results from both of these ''properly controlled pot experi-

ments " must be wholly discarded on account of their experimental

error. They, therefore, contribute nothing towards a solution of the

question.

Another method devised by Dr. Lipman to investigate this subject

was a metal box divided by a porous stone slab cemented to the bottom

and sides of the box. A mixture of quartz sand and soil was placed

on both sides of the porous stone. In certain iboxes a non-legume was

grown on one side of the slab and nothing on the other side. In other

boxes a non-legume was grown on one side and a legume on the other

side. It was intended to ascertain whether a non-legume grown alone

in one end of a box took up as much nitrogen as a non-legume grown

in the same box with a legume, but in the opposite end. This ex-

periment is described under Series III. Without analyzing the re-

sults it will be enough to say that they were rejected by Dr. Lipman

with the following statement: ''These results are contrary to those

secured in other experiments and can only be explained on the assump-

tion tliat the double cropping affected unfavorably the moisture rela-

tions in so far as the non-legumes were concerned. It is probable
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that in spite of the care observed in maintaining uniform moisture

conditions, the water requirements of the legume left an insufficient

supply for the non-legumes." This disposes of another of the methods

used by Dr. Lipman.

Taking up the other methods used, we find that Dr. Lipman seeded

the mixtures of a legume and a non-legume in the cylinders, boxes and

pots with one half the numiber of non-legumes that were seeded on the

same area when seeded to the non-legume alone. The accuracy of

this method of planting depends on the assumption that the leguminous

plants in the mixture will remove as much combined nitrogen from

the media as do the non-leguminous plants. If the legumes do not

absorb so much combined nitrogen, then the non-legumes in the mix-

ture have a distinct advantage in point of nitrogen supply over the

legumes grown alone. But it is certainly contrary to the commonly-

accepted ideas on the nutrition of legumes to assume that, in the

relative numbers of legumes and non-legumes used in these experi-

ments, the former would remove exactly as much combined nitrogen

from the media as would the non-legumes. The relative numbers of

these plants were, for instance, in the cylinders, 100 oat plants and 30

pea plants in unmixed seedlings, and 50 oat and 15 pea plants in the

mixed seedlings. The 15 pea plants must remove as much combined

nitrogen from the media as 50 oat plants, or otherwise the oat plants

in the mixture have a larger quantity of nitrogen at their disposal.

Under these conditions a greater yield of nitrogen in the non-legumes

with the legumes than in the non-legumes grown alone means nothing.

But if we are to admit the method as justifiable and accept the results

of the tests at their face value we are still at a loss to know how Dr. Lip-

man can interpret them to indicate that the legume causes the non-legume

grown with it to absorb more nitrogen than if grown alone. Twenty-

four tests in all are recorded in the tables on pp. 14, 18, 28, 30, 32, 38,

39, 41, 46 and 47. Let us analyze these in the manner most liberal to Dr.

Lipman's conclusions. Thus add together the yields of nitrogen in

the non-legumes grown in the duplicate vessels with legumes and

compare these with the average yield of the pots growing non-legumes

alone (except in experiments of Series III), also in the field experi-

ments multiply by one and one half the yields of nitrogen in the corn

grown with soy beans to compare with the corn grown alone, and in

the field mixtures of oats and peas multiply the yields of 'nitrogen in

the oats by two to compare with the oats grown alone. Of these,

twelve tests resulted in a larger yield in milligrams of nitrogen in the

non-legumes when grown alone than when grown with a legume. No
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combination of plants, moreover, gave consistent results. Only fifty

percent of the evidence, therefore, is in favor of the conclusion drawn
by Dr. Lipman. Such a discrepancy must entirely eliminate these

results from consideration.

The methods on which Dr. Lipman claims to rely for proof of the

influence of the legume on the nitrogen absorption of the associated

non-legume, are thus seen to yield negative and opposing results in

his experiments. The only consistent evidence of the influence of the

legume on the non-legume that is to be found in the bulletin is the

greater percentage of nitrogen in the non-legume grown with a legume

than when grown alone, and this he uses to support his conclusion,

although it is the data to which he objected in our bulletin. However,

as we have pointed out, we supplemented this by a study of the effect

of the growth of alfalfa as compared with timothy on nitrate forma-

tion in the soil, thus presenting further evidence. We cannot see that

Dr. Lipman has devised any exact and scientific method " to obtain

information on this subject.

A FURTHER DISCUSSION OF CERTAIN METHODS USED IN

THE STUDY OF "THE ASSOCIATIVE GROWTH OF
LEGUMES AND NON-LEGUMES."

J. G. Lipman,

New Jersey Experiment Station, New Brunswick, N, J.

The main theses of the above discussion by Doctors Lyon and Bizzell

center about two points. One of these concerns supposedly conflict-

ing claims as to priority of announcement while the other relates to

the value of the methods employed by me in the study of the associa-

tive growth of legumes and non-legumes.

As to the first of these points. Doctors Lyon and Bizzell still claim

to have been the first to call attention to the " Heretofore Unnoted

Benefit from the Growth of Legumes." In Bulletin No. 294, of

Cornell University, they state : That a legume may benefit a non-

legume growing with it, by causing the non-legume to contain a larger

(juantity of nitrogen or protein, seems never to have been ascer-

tained" (p.' 365). To this they add in the present discussion: ''In

none of the articles cited by Dr. Lipman in his recent bulletin to show
the antiquity of this knowledge, is there an analysis of the ])lants to

give an indication of the quantity of nitrogen they contained. Only
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observations on the growth of non-legumes with legumes are cited,

which observations surely give no definite information on the nitrogen

contained by the non-legumes when grown alone and in association

with the legumes." The writers also go to the trouble of directing

the following accusation against me : There can be no doubt that

when Dr. Lipman thought that he w^as the first to publish on this

subject, he considered it an addition to the knowledge regarding the

association of legumes and non-legumes." And elsewhere they state:

''The following communications to that paper (Scientific American)

may explain why Dr. Lipman has waived his claim to priority in favor

of primitive man."

If I may reiterate them, the facts in the case are as follows:

In the course of my lectures at Cornell, in December, 1906, I had

occasion to discuss the evident benefits accruing to non-legumes when
growing in association with legumes. This subject was considered at

one of the seminars in the presence of Doctors Lyon and Bizzell and

of Professors Stone and Fippin. I pointed out at that time that the

phenomenon under consideration had been repeatedly commented

upon by practical farmers. In the discussion which followed, Pro-

fessor Stone accepted the views expressed by me as coinciding with

his own observations.

Neither at that time, nor at any time subsequently, did I maintain

that I was the first to observe this '' heretofore unnoted benefit." It

was then, as it is now, common knowledge. I do claim, however,

that I was the first to undertake systematic work on legume and non-

legume crop mixtures in the effort to find a correct explanation of

the observed benefits to the non-legumes. I was also the first to send

to a scientific journal a statement as to experiments actually per-

formed, and an interpretation of the data secured in these experi-

ments. The fact that I had submitted this statement to Professor A.

D. Hall, in the summer of 1909, was of course unknown to Doctors

Lyon and Bizzell until after the publication of my letter in the Scien-

tific American. According to their own tacit admission, they did not

have the time or inclination to search the agricultural literature for

data on the associative growth of legumes and non-legumes, when
they were preparing for publication their bulletin dated March 11,

191 1. Ordinarily, one may be forgiven for lack of familiarity with

the published work of other investigators, except when he employs

such sweeping titles as " Heretofore Unnoted."

The further claim of Doctors Lyon and Bizzell that mere observa-

tions on mixtures of legumes and non-legumes " surely give no

definite information on the nitrogen contained by the non-legumes
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when grown alone and in association with the legumes," cannot be

conceded. Every farmer and student of agriculture knows that a

deep green color and vigorous growth are certain indications that

the crop has at its disposal an abundant supply of available nitrogen

compounds. On the contrary, a light green color and retarded growth

are usually indications that the crop is not obtaining an ample supply

of combined nitrogen. Some years ago, the writer observed an area

of oats and an adjoining area of oats and Canada field peas. The
soil conditions, the data of planting, and the subsequent treatment

were the same
;
nevertheless, the oats in the mixed crop had a deeper

color and more vigorous growth than those unmixed with the peas.

Analyses merely confirmed the differences apparent to the eye. Like

observations were made by others at different times. Without un-

necessarily prolonging the discussion, I should like to refer again to

the observations of La Flize^ made in the years 1887-1892. He con-

cludes that his experiments not only confirm the earlier observations

on the fixation of nitrogen by legumes, but they prove something else.

To use his own word (p. 177) : C'est que les cereales semees avec

les legumineuses, vivant en symbiose avec elles, s'emparent de Tazote

fixe par les bacteries et que cette nitrification du sol est assez puissante

pour donner, conj ointment avec elles, une recolte moyenne de grains

sans addition d'azote etranger."

Non-legumes grown in association with legumes may have, thereby,

an increased amount of combined nitrogen placed at their disposal,

and may contain an absolutely greater, though not necessarily a rela-

tively greater amount of nitrogen. Conversely, non-legumes in crop

mixtures may contain a higher percentage of nitrogen than the corre-

sponding non-legumes grown alone, without having benefited from

the association with the legume. This fact is clearly indicated by the

results secured by me in the growing of mixtures of corn and soy

beans. For this reason, determinations of the percentage of nitrogen

in the dry matter of non-legumes grown alone, as well as of those

grown in association with legumes, are not adequate for answering

the question in a clear and definite way. Determinations of the

relative amount of nitrogen in the non-legumes must be accompanied

by determinations of the absolute amounts of nitrogen contained in

them. Moreover, hasty generalizations should be guarded against,

since not all legume and non-legume mixtures behave in a like manner.

We should hardly be justified in assuming at all times ''that the

nitrogen content of the non-legumes growing with legumes is greater

than when tlic non-1cgume grows alone.

^ Experiences siir Legumineuses, Ann. Science Agronomique, 1892, i : 174-178.

2 Cornell Bull. 294, p. 368.
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Doctors Lyon and Bizzell state that they had devoted a consider-

able part of the bulletin to a discussion of the rate of nitrate forma-

tion in soil on which alfalfa and timothy had grown, and demon-

strated that the growth of the legume caused the soil to nitrify more

rapidly than did the growth of the non-legume, also that alfalfa did

not exhaust the nitrates as low as did timothy, thus leaving a larger

quantity of readily available nitrogen at the disposal of the timothy

plants in the soil on which alfalfa grew with the timothy."

The alfalfa and timothy fields from which samples for nitrate

determinations w^ere drawn were nearly five years old. Naturally,

the soil under alfalfa had accumulated a larger quantity of nitrogen

than was present under the timothy. For this reason, the greater

quantity of nitrifiable material gave rise under the alfalfa to a greater

amount of nitrates. That land under alfalfa does not always contain

a greater quantity of nitrate nitrogen than land under a non-legume

is made clear by the investigations of Stewart and Greaves.^ Surely

these nitrate determinations of Doctors Lyon and Bizzell could hardly

warrant the assumption that similar relations exist under legume and

non-legume crop mixtures, especially when these mixtures are grown

for only one season. It should also be pointed out that while the

greater nitrogen content of the timothy on the limed land may have

been due to the better growth of the alfalfa, positive proof is not

supplied here, for the lime had no doubt stimulated the decomposition

of organic matter in the soil and had increased thereby the quantity

of nitrates at the disposal of the timothy.

Doctors Lyon and Bizzell state,* likewise, that : It appears from

the results here tabulated, that the alfalfa soil has both when limed

and when not limed, a capacity for converting ammonia into nitric

acid more quickly than does the timothy soil." This conclusion may
be correct, but is hardly w^arranted by the data presented by the

writers. The fact that the alfalfa soil was richer in nitrifiable nitro-

gen than the timothy soil should be sufficient to account for the greater

amount of nitrate accumulated in ten days even in the presence of

ammonium sulphate.

Doctors Lyon and Bizzell came to the conclusion that the results

of my pot experiments " must be wholly discarded on account of

their experimental error," and that they " contribute nothing towards

a solution of the question." Let us see whether this conclusion is

justifiable.

On page 23, of Bulletin 253, of the New Jersey Station, analyses

' Utah Experiment Station Bulletin 106.

4 Cornell Bulletin 294. p. 371.
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are given of oats and of rye, grown in the same pots with peas and

vetch, respectively, but separated from these by a wall of either

unglazed or glazed earthenware. In discussing these results, Drs.

Lyon and Bizzell point out, in the first place, that there is very

unsatisfactory agreement between the duplicate pots. This is unde-

niably true, and is due, on the one hand, to the difficulty of securing

porous earthenware through which soluble salts will diffuse rapidly,

and, on the other hand, to the uneven growth of the legumes in the

outer pots. A large number of tests carried out in our laboratory

with sodium chloride showed that diffusion through unglazed porce-

lain is not as rapid as might be expected, and that individual pots

differ in this respect from one another in a very marked degree. It

should be added here, that the legumes grown in the outer pots were

not in all cases thoroughly inoculated. The fact that pure quartz

sand and mineral salts only were employed will help to account for

the uneven inoculation.

However, in spite of the defects noted here, the method employed

by me demonstrated its adequacy for the purpose for which it was

devised ! This fact is well brought out in the yields of pots 3 and 4

(p. 23). In pot 3, the yield of dry matter in the oats was 20.5 gms.,

and the yield of nitrogen 346.4 gms. In the duplicate pot 4, the yield

of dry matter was only 7 gms., and of nitrogen 32.2 mgs. Now, if

Drs. Lyon and Bizzell's argument is sound, we should expect that the

peas growing in the outer pots should show the reverse relations.

That this is not so, is shown by the fact that in outer pot 3, the peas

contained 42.5 gms. of dry matter and 939.25 mgs. of nitrogen, as

compared with only 22.5 gms. of dry matter and 360.00 mgs. of nitro-

gen in the peas in outer pot 4. It is evident, therefore, that even

though the crops were separated by a porous wall, the increased

growth of the peas in outer pot 3 did not reduce the growth of the

oats in the inner pot 3. Hence, the differences were not due to simple

moisture relations as is surmized by Drs. Lyon and Bizzell. The crux

of the whole matter is, that there was a large addition to the nitrogen

content of nearly all of the outer pots, and that this nitrogen, fixed

by the bacteria in the roots of the legumes, became available in part

to the non-legumes in some of the inner pots into which the combined

nitrogen diffused rai)idly enough. In spite of the lack of agreement

in the duplicates, the method devised by me ])roved capable of demon-

strating convincingly that some of the nitrogen fixed by the legumes

was made available to the non-legumes associated with them, not

because the legumes failed to utilize thoroughly the nitrates derived

from the soil itself Cm the (|uartz sand no appreciable amount of
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nitrate conld be furnished in this manner from the original material),

but because they actually gave up some of the nitrogen derived by

them from atmospheric sources, to the non-legumes associated with

them. Drs. Lyon and Bizzell are not just in saying ''nor can any

proper conclusions be drawn from such an experiment," and I regret

that I cannot extend to them the courtesy of accepting their conclu-

sion as valid.

Also, in the case of the cylinder experiments described in Bulletin

253 of the New Jersey Station, Drs. Lyon and Bizzell failed to reach

a true understanding of the method employed. They failed, likewise,

to interpret correctly the data secured in these experiments. -Their

failure to understand the method in question has led them to make
the following statement :

" The accuracy of this method of planting

depends on the assumption that the leguminous plants in the mixture

will remove as much combined nitrogen from the media as do the

non-leguminous plants. If the legumes do not absorb so much com-

bined nitrogen, then the non-legumes in the mixture have a distinct

advantage in point of nitrogen supply over the legumes grown alone.

But it is certainly contrary to the commonly accepted ideas on the

nutrition of legumes to assume that, in the relative numbers of

legumes and non-legumes used in these experiments, the former would

remove as much combined nitrogen from the media as would the non-

legumes."

Drs. Lyon and Bizzell do not make clear their understanding of

" the commonly accepted ideas on the nutrition of legumes." If they

mean by this statement that legumes do not utilize nitrates as readily

as do non-legumes, they are evidently in error. It is well known that

in rich garden soil, alfalfa and other legumes may be made to grow

luxuriantly without developing nodules on their roots. The practice

of using small quantities of nitrate on newly seeded alfalfa fields is

based on the recognition that the plants must and do depend on the

soil nitrates entirely until inoculation is well established. The inves-

tigations of Stewart and Greaves, already cited here, show, as do

many others, that nitrates are readily used by legumes even after the

plants have become thoroughly inoculated.

But one need not go far afield for facts to prove the weakness of

the argument advanced by Drs. Lyon and Bizzell ; such facts are sup-

plied in the table on page 14 of Bulletin 253. It is shown in this table

that the oats in cylinders J a and ib contained, on the average, 792.5

mgs. of nitrogen. This was the maximum amount that could be ob-

tained by the plants from the nitrogen-poor soil, under the conditions

of the experiment. The peas in cylinders ic and 2a contained, on
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the average, 1,813.5 mgs. of nitrogen. Of this amount, 792.5 mgs.

were derived from the soil and 1,021 mgs. from the air. In cyhnders

2b and 2c, 'the mixed crop consisted in each case of 50 oats and 15

peas. The plants of the latter weighed, on the average, 2.97 gms.

;

whereas in cylinders ic and 2a, where 30 pea plants were grown alone

in each case, the average weight per plant (dry matter) was only 2.45

gms. It is evident, therefore, that the pea plants in the mixtures

(cylinders 2b and 2c) were more vigorous than those in the unmixed

growths (cylinders la and 2a), and must have taken up from the soil

at least as much nitrogen as was taken up by the same number of

plants in cylinders ic and 2a. But since 30 pea plants had removed

from the soil 792.5 mgs. of nitrogen, it follows that 15 plants should

have removed at least 396.25 mgs. of nitrogen, and should have left

for the 50 oats plants an equal amount. It is shown, however, that

the 50 oats plants in cylinders 2b and 2c contained 565 mgs. and 669

mgs., respectively; or, on the average, 617 mgs. Hence, it must be

concluded that, thanks to the presence of the peas, the oats must have

found some other source of nitrogen. It is not unlikely, moreover,

that because of the greater vigor of the individual pea plants in the

mixtures, the actual amount removed by them from the soil was really

greater than is indicated by the figures given above.

The data at hand may be interpreted in still another way. Of the

1,813.5 mgs. of nitrogen in the 30 pea plants of cylinders ic and 2a,

1,021 mgs., or about 56 percent was derived from the air. Assuming

that the peas in the mixed growth derived a similar proportion of their

nitrogen from the air, we find that the 15 pea plants in cylinders 2b

and 2c should have contained, on the average, 618.8 mgs. of atmos-

pheric nitrogen and 486.2 mgs. of soil-nitrogen. Subtracting the 486.2

mgs. of soil-nitrogen from the total available, viz., 792.5 mgs., we have

left for the oats 306.3 mgs. Actually, however, the latter contained

617 mgs. of nitrogen (average of cylinders 2b and 2c).

The conclusions reached in the above paragraphs are strengthened

by the results secured from cylinders 3^-4^. The same crops and

combinations were grown in these cylinders, and the general treatment

was modified merely by the addition of 10 gms. of sodium nitrate to

each cylinder. As a result of the addition of nitrate, the growth

of the oats was modified profoundly, while the yield of peas was

changed but little. The 100 oats plants in each of cylinders 3a and

3& contained 1,792 mgs. of nitrogen. Of this amount about 792 mgs.

were derived from the soil and 1,000 mgs. from the 10 gms. of

nitrate. The latter was utilized, therefore, to the extent of 64.5
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percent. The 30 pea plants in each of the cyHnders 3a and 4a con-

tained '2,220.5 mgs. of nitrogen. Of this amount, 1,792 mgs. was

derived from the soil and nitrate, and only about 428 mgs., or 19 per-

cent from the atmosphere. Since our own observations and those of

others demonstrate that large quantities of nitrate nitrogen may be

taken up by legumes, it follows that the method as employed by me, as

well as my interpretation of the data obtained are not at all contrary

to the commonly accepted ideas on the nutrition of legumes."

Doctors Lyon and Bizzell state that :
" Twenty- four tests in all arc

recorded in the tables on pp. 14, 18, 28, 30, 32, 38, 39, 41, 46 and 47. . . .

Of these, twelve tests resulted in a larger yield in milligrams of nitro-

gen in the non-legumes when grown alone than w^hen grown with a

legume. Xo combination of plants, moreover, gave consistent results.

Only fifty percent of the evidence, therefore, is in favor of the con-

clusion drawn by Dr. Lipman. Such a discrepancy must entirely

eliminate these results from consideration."

I am at a loss to account for the above paragraph. Surely, Doctors

Lyons and Bizzell could not be guilty of deliberately attempting to

distort the facts in order to prove their case. I must take it, there-

fore, that they did not make a sufficiently careful study of the data

submitted by me. On page 48 of Bulletin 253, I state that :
" In the

associative growth of legumes and non-legumes, the development of

the latter may be depressed rather than enhanced when factors other

than the supply of combined nitrogen limit production." Such other

factors appeared in a number of my experiments, and I took pains to

show that because of these other factors the non-legume may be in-

jured rather than helped by the presence of the legume. I have tried

to show, further, that because of the various factors that affect the

mixed growths of legumes and non-legumes, the mere determination

of the proportion of nitrogen in the non-legume is entirely inadequate

for demonstrating any possible benefit to the non-legume. Notwith-

standing these very definite statements on my part. Doctors Lyon and

Bizzell attempt to average all of the data reported by me, and to make
it appear that all of them had been submitted by me to prove that

benefit to non-legumes always results from associative growth with

legumes. A less superficial reading of my bulletin will no doubt con-

vince them that their judgment of my contribution to the subject will

bear revision.
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A REPLY TO DR. J. G. LIPMAN.

T. L. Lyon and J. A. Bizzell,

Department of Soil Technology, Cornell University, Ithaca, N. Y.

The phase of this discussion which Dr. Lipman has first taken up in

the communication printed above is that of originality in initiation of

the investigation.

In Bulletin 253 of the New Jersey Experiment Station, page 8, and

also in his article printed above, Dr. Lipman states that he discussed

this subject at Cornell University in the autumn of 1906 in the pres-

ence of the writers, which may be taken to intimate that we took ad-

vantage of his ideas. If we did so there were only two ways in which

we could have secured help from his suggestions: (i) by having our

attention called to the possibility of the investigation; (2) by utilizing

his methods for its solution.

It was previous to 1906 that a study of this subject was undertaken

at Cornell University. Professor John L. Stone began, as early as

1904, to make careful observations on the occasional better growth of

non-legumes when grown with legumes than when grown alone. That

he was actively engaged in a study of this subject is evidenced by the

following letter

:

" Ithaca, N. Y., July g, 1904.

" HuBBs Bros.,

North Manlius, N. Y.

''Dear Sir: Since coming from your place I have thought considerably

about the evident effect of the peas upon the oats growing in your fields. I

wish you would make a more careful examination than we did while there,

to determine whether the peas near the house are actually much better stocked

with nodules than those further away to the east. It is contrary to our expec-

tation that the peas should by any manner of means supply the oats with any

nitrogen at this time, but the growth of the crop certainly does indicate that

it does. I was talking the matter over with Professor Cavanaugh and we

may conclude to ask for samples of the soil from each end of the field to

see if one is more abundantly supplied with plant food than the other.

" Very truly yours,

" (Signed) J. L. Stone."

From that time on the subject was frequently discussed at this

experiment station, and moreover, we not only did not get the inspira-

tion for the investigation from Dr. Lipman's lecture, but the subject

was first brought to Dr. Lipman's attention by Professor Stone some
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time prior to 1906. Professor Stone states that when he first sug-

gested to Dr. Lipman that legumes may have an influence on the

growth of non-legumes growing with them, the latter thought that this

could not be the case. Those persons who attended Dr. Lipman's

lectures at the Graduate School at Urbana in 1906 will doubtless re-

member that the subject was there discussed by Professor Stone.

The frequent discussions of the subject that took place at this sta-

tion between 1904 and the date of our publication, naturally made us

familiar with the fact that observations had been made which showed

that legumes may have a beneficial efifect on the growth of non-

legumes growing with them. We, therefore, confined our claim to

priority to the possible efifect of the legume on the nitrogen content of

the non-legume. Dr. Lipman has failed to furnish, either in Bulletin

253 of the New Jersey Station or in the communication printed above,

any proof that this fact was published previous to the statement by us.

The influence of the legume on the growth and yield of the non-

legume is a broader phase of the subject, which we did not attempt to

cover.

So far as the utilization of Dr. Lipman's methods by us is con-

cerned, it is very evident from the previous discussion that our

methods were entirely dissimilar.

Dr. Lipman now says that he did not claim priority of discovery,

but only of having been the first to undertake systematic work on

legume and non-legume crop mixtures. Does his statement in the

Scientific American before quoted substantiate this ? He says I am
writing to correct an error, since the priority of this discovery belongs

to the Xew Jersey Experiment Station."

Dr. Lipman has devoted a part of his reply to an attempt to sup-

port his methods of experimentation, to the errors in which we called

attention in our first reply. He states that if our criticism of his

results given on page 23 of his bulletin holds good (see page — of

this journal) the peas growing in the outer cylinders of pots 3 and 5

should have the opposite relation from that of the oats in the inner

cylinders of the same pots. It happens that this is not the case, but

it is the case in pots 7 and 8, which are designed for the same purpose

as pots 3 and 4. Our criticism, however, does not depend on this, but

is based on the fact that the duplicate pots vary in yield by several

hundred percent.

In discussing our criticism of his cylinder experiments Dr. Lipman

says: "It is shown in this table that the oats in cylinders la and lb

contained, on the average, 792.5 mgs. of nitrogen. This was the max-
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imum amount that could be obtained by the plants from the nitrogen-

poor soil, under the conditions of the experiment. The peas in

cylinders ic and 2a contained, on the average, 1,813.5 mgs. of nitro-

gen. Of this amount, 792.5 mgs. were derived from the soil and

1,021 mgs. from the air." He assumes that because 100 oat plants

obtained 792.5 mgs. of nitrogen from the soil when grown alone and

that 30 pea plants took up 1,813.5 mgs. of nitrogen when grown alone,

that, therefore, the difference between these quantities, or 1,021 mgs.

of nitrogen, were taken from the air by the peas. In other words,

that the 30 pea plants could obtain from the soil exactly as much nitro-

gen as could 100 oat plants. How such an assumption is justified we

are unable to understand, since it is a well known fact that even non-

legumes differ widely in the quantities of nitrogen which they can

obtain from a given soil.

Dr. Lipman complains that we were unfair in our statement that

"Twenty-four tests in all are recorded in the tables on pp. 14, 18, 28,

30, 32, 38, 39, 41, 46, and 47. Of these, twelve tests resulted in a

larger yield in milligrams of nitrogen in the non-legumes when grown

alone than when grown with a legume." He holds that we did not

consider that he used some of these tests as evidence that certain

factors interfere with and negative the benefits to the non-legume

from association with legumes. None of his methods were designed

for the purpose of measuring these factors. All were directed

towards obtaining the effect of the legume on the non-legume. When
the result expected was not obtained it was attributed to intervening

factors. Of course these factors must have intervened, but there was

no attempt to determine or measure them. The tests were all aimed

at one point; if they hit the object was gained, if they missed it was

not considered contrary evidence, but was charged to uncontrolled

factors.
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A STUDY OF STATISTICAL METHODS WITH BARLEY.^

W. O. WlIITCOMB,

Department of Plant Breeding, Cornell University, Ithaca, N. Y.

During the past few years the statistical method for the study of

variation in plants has made some marked advancements. In keep-

ing with this new and shorter methods are receiving considerable

attention. At the present time much work is being done in studying

the variability and correlation of various characters in cereals. In

some of these investigations the average of the entire plant is used as

the unit, while in others the studies are made on single culms. The

question arises as to w^hether the results obtained in these two ways

are of equal value and are comparable. It is w^ith this question that

this paper deals. The various constants presented are used merely

to show the relation between the average of the entire plant and of a

single culm.

The only work which has been published on this subject is that by

C. E. Leighty.^ By using the average of the plant and a single culm

from each of the same plants, he compared the biometrical constants

of five characters in three hundred plants of pure line Early Cham-

pion oats. His results are very interesting and tend to prove that

so far as oats are concerned, data obtained by using the culm are com-

parable with that of the average for the plant. The characters

studied were average yield per culm in decigrams, average height per

culm in centimeters, average number of kernels per culm, average

number of spikelets per culm, and average weight per kernel in deci-

milligrams. He computed the mean, the standard deviation, and

the coefficient of variability for these characters, both for the average

per plant and for a single culm from each plant. By using the average

of these constants for these five characters, as determined by Leighty,

we have the data as provided in Table I.

1 Paper No. 36, Department of Plant Breeding, Cornell University, Ithaca,

New York. The writer desires to acknowledge the inspiration and sugges-

tions, which led to the preparation of this paper, received from Dr. H. H.

Love, of the Department of Plant Breeding of Cornell University.

2 Leighty, C. E. Studies in Variation and Correlation of Oats, Avena sativa.

Thesis for degree of Ph.D., 1912, Cornell University.
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Table J.—Comparison of constants for average of plant and for single

culm in oats.

Average of Plant. Single Culm.

Mean 33.475 ± .321 34-679 ± .280

Standard deviation 8.246=^.227 12. 199 ±.198

Coefficient of variability 25.910 ± .782 37.152 ± .716

As has been pointed out by Leighty, it is apparent when we study

these data, that the constants obtained in the two ways are uniform

throughout. As might be expected, those from the single culm are

higher than those from the average of the plant.

The same is true to a certain extent in the case of the correlation

coefficients obtained in the two ways. An average of six correlation

tables, using the above characters, gives a correlation coefficient of

.634 ± .020 for the average of the plant and .689 ±: .011 for a single

culm of these same plants. A further consideration of these results

by Leighty with oats will be taken up as comparisons are made with

the work reported in this paper.

The study here presented was made with three hundred plants each

of New Zealand and Berkeley varieties of barley. These varieties

are both two-rowed hulled barley which was grown for several years

at the Montana Experiment Station in variety plots. In 1911 selec-

tions were made from these varieties and thirty plants were chosen

from each variety and the seed from these selected plants used to

produce the crop on which these data are given. Thus we have each

of these two varieties consisting of thirty pure lines and not one pure

line as was the case with Leighty's work.

Table II.

—

Distribution of number of culms per plant with two varieties

of barley.

New Zealand. Berkeley.

FV

I

I

II

10

44
58
80

63
20

9
2

I

300

I

2

33
40

220

348
560

504
180

90
22

12

2,012

I

2

16

42

105

75

37
12

8

2

o

o

300

I

4
48
168

525
450
259
96
72

20

o

o

1.643
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This crop was grown at Williston, N. D., in 19 12 without irrigation.

The plants were grown three inches apart in rows one foot apart.

The soil at this place is a dark, sandy loam, and the plot used in this

work had produced a cultivated crop of nursery grains the previous

year. As the result of these cultural methods and the climate, the

plants tillered well and each produced several culms. The distribu-

tion of number of culms per plant is shown in Table II.

New Zealand—number culms used 2,012

Number culms per plant 6.707

Berkeley—number culms used 1,643

Number culms per plant 5-477

A glance at the above table shows what a saving of time and labor

may be accomplished by using a single culm instead of an average of

the plant. The difiference is much greater in this respect with these

varieties of barley than Leighty found with oats. Three hundred

plants of the New Zealand barley produced 2,012 culms and the same

number of plants of the Berkeley gave 1,643 culms, while Leighty

found that 300 oat plants yielded only 862 culms.

Care was taken in this work always to select the longest culm as

the single representative of the plant, as it is probable that this is the

main culm and all the others are tillers. This differs from much of

the previous work which has been done with the use of single culms.

In most cases the culms have been taken at random either in the field

or sheaf.

Table III.

—

Comparison of the constants of characters in New Zealand barley,

using the average of the plant and the main culm of the same plant.

Mean. Standard Deviation. Coefficient of Variability.

Plant. Culm. Plant. ' Culm. Plant. Culm.

Average Yield per Culm in Milligrams.

851.150 1193-350 152.750 192.900 17.946i.510

67.686

22.027

26.980

16.164^.457

7.343 =^.202

9.851 ±.271

±5.948 =^7.512! ±4.2061 ±5-3I2|

Average Height of Culm in Centimeters.

77.106 I 6.066
I

5.662
I

8.962^.247
.236! ± .22i| ± •167I

=t -1561
i Average Number of Kernels per Culm.

26.393
I

2.361
I

2.600
I

10.719^.295
.092 ± .ioi| ± -0651 ± -O?!!

I

Average Number of Spikelets per Culm.
!

30.503
I

2.189
I 2.343

I

8.113^.223! 7.681 ±.212
± .085 ± .0911 ± .o6o| ± -0651

I

Average Weight per Kernel in Deci-Milligrams.
|

384.155 i 450.300
I

42.810
I

47.760 |ii.i44±.3ii io.6o6±292
±1.667' ±i.86o| ±1.179! ±1.3151

General Average of all constants.

270.400 1355.530
I

41-235
I
50.253

I

11.377 ±.317. 10.329

±i.6o6i ±1.9571 =^i.i35l =^1.384! '

.287
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Table III shows the constants of the five characters studied and

the average of these constants both for the average of the plant and

for the main culm of the same plants

.

A study of Table III reveals the fact that the mean is higher for

the single culm than it is for the plant and that this difference is quite

uniform. The standard deviation is higher for the single culm than

it is for the plant for four out of the five characters. This difference

is also quite uniform. The other character, that of the height of

culm, gives a standard deviation which differs in the opposite direc-

tion, thus indicating that the main culms of this population do not

vary as much in height as do the average height of the plants. The

coefficient of variability is quite uniformly greater for all characters

studied for the average of the plant than it is for the main culm of

these plants. This indicates that, taken as a whole, the characters of

the average of the plants for this population are more variable than

they are for the main culms of these plants. The average of the con-

stants for the various characters which are given in the above table

are of value to show the relation which exists between the entire

plant and the main culm in respect to these constants as a whole.

Table IV.

—

Comparison of the constants of characters in Berkeley barley, using

the average of the plant and the main culm of the same plant.

Mean. Standard Deviation.

Plant.

915.850

72.761

5.664

± .225

20.197 ± .090

24.947 .061

452.700^1.568

297.291 =1= 1.522

Culm. Plant. Culm.

Coefficient of Variability.

Plant.

Average Yield per Culm in Milligrams.

1074.920 1145.450 |i62.i8o 115.881=^.448

±6.315! ±4-005! ±4.466!
Average Height per Culm in Centimeters.

79.870
I

5.790
I

5.817
I

7.958 ±.219
± .2271 ± .159! ± .160!

Average Number of Kernels per Culm.
21.807

1

2.327
[

2.593
I

11.522 ±.321
± .ioi| ± .064I ± .071!

Average Number of Spikelets per Culm.
26.063

I

1-555
i

1-919
!

6.233 ±.171
± .0751 ± .042I ± .053!

Average Weight per Kernel in Deci-Milligrams.

491.440
I

40.260
I

34-320
I

8.893 ±.245
±1.3361 ±1.109! ± .945!

General average of all constants.

338.820
I

39.076
I

41.366
I

10.097 ±.281
±i.6ii| ±1.076! ±1.139!

Culm.

15.088 ±.425

7.283 ±.200

II. 891 ±.332

7.363 ±.203

6.984 ±.192

9.722 ±.270

The comparison of the constants in Table IV for the characters

under consideration of the average for the plant and the main culm

differs somewhat from the same comparison with the New Zealand

barley. In this table we find practically the same uniform difference
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in the means of the characters as exists in Table III. With the

standard deviations the differences are not uniform for the Berkeley

barley, but the discrepancy lies in a different character from that

found in the New Zealand barley. In the average v^^eight per kernel

we find a diflference in the standard deviation of 5.940 in the opposite

direction. With the present data at hand it is not possible to account

for this discrepancy. As to the coefficient of variability of the

various characters of the Berkeley barley, there exists less uniformity

than in the New Zealand barley. Three of the coefficients of varia-

bility are larger with the plant than they are with the main culm,

while the other two are just the reverse. However, the general values

of all these constants are so close for the average of the plant and

the main culm, that the comparison of the two methods as to deter-

minations of constants is fairly satisfactory.

In comparing the resulting constants in the study of these two

methods with barley, with those constants obtained by Leighty in a

like study with oats, the most noticeable feature is that of the marked

difference in the coefficient of variability. He found the average co-

efficient of variability for the five characters studied to be 25.912 zt

.782 for the average of the plant and 37.132 ±: .716 for the single

culm, or a difference of 11.220 in favor of the single culm. In this

study with barley one variety gives an average coefficient of variability

of 11.377 ± .317 for the average of the plant and 10.329 ± .287 for

the main culm, or a difiference of only 1.048 in favor of the average

for the plant. The other variety yields 10.097 dz .281 and 9.722 ±.270

as correlation coefficients, or a difference in favor of the average for

the plant of .375.

Table \'.

—

Comparison of correlation coefficients in New Zealand barley, using

the average of the plant and the main culm of the same plant.

Average of Plant Main Culm.

Yield per Culm and Height of Culm.

.511 ±.029 .394 ±033
Yield per Culm and Number of Kernels per Culm.

.836 ± .012 .828 ± .012

Yield per Culm and Number of Spikelets per Culm.

.965 ± .020 .732 ± .018

Yield per Culm and Average Weight per Kernel.

.790 ±.015 .727 ± .018

Average Weight per Kernel and Height of Culm.

.221 ± .037 .367 ± .034

Average Weight per Kernel and Number of Kernels per Culm.

.365 ± .034 470 ± .030

General Average of All Correlation Coefficients.

.570 ± .025 .586 ± .024
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Let us now make a comparison of the two methods of determining

the correlation coefficients of these same characters for these two

varieties of barley. Six correlations have been made in each case so

that there are twelve correlations for each variety, or twenty-four in

all.

The data presented in Table V do not show any uniform difference

in the correlation coefficients obtained in the two ways indicated. The
important point to notice is that the two methods give coefficients of

correlation which are nearly of equal value except in the case of the

yield per culm and the height of culm. The average of all coefficients

is very close for the two methods.

Table VI.

—

Comparison of correlation coefficients in Berkeley barley, using the

average of the plant and the main culm of the same plant.

Average of Plant. Main Culm.

Yield per Culm and Height of Culm.

.654 ± .022 .529 ± .028

Yield per Culm and Number of Kernels per Culm.

.864 ± .010 .910 ± .007

Yield per Culm and Number of Spikelets per Culm.

.521 ± .028 .638 ± .023

Yield per Culm and Average Weight per Kernel.

.753 ± .017 .662 ± .022

Average Weight per Kernel and Height of Culm.

.384 ±.033 .128 ±.038
Average Weight per Kernel and Number of Kernels per Culm.

.378 ±.033 .351 ±.034
General Average of All Correlation Coefficients.

.592 ± .024 .536 ± .025

The determination of the correlation coefficients with Berkeley

barley, as indicated in Table VI, corresponds quite closely with those

of the New Zealand barley in Table V, except that there is a discrep-

ancy in the correlation of the average weight per kernel and height of

culm. With the exception of this one difiference the correlation

coefficients of this variety are very uniform when determined by the

two methods under consideration.

The correlation coefficients determined by the two methods with

barley are not as uniform as those which Leighty obtained with oats.

This can doubtless be explained by the fact that the barley which is

used in this work consists of thirty pure lines in each variety, while

the oats with which Leighty worked were all of one pure line. The

great difference in the number of culms per plant is also an important

factor in making this comparison. The greatest discrepancy with
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the correlation coefficients which Leighty obtained was in the correla-

tion of average weight per kernel and number of kernels per culm,

in which case the average of the plant gave .250 zb .036 and the

single culm .380 ± .020, or a difference of .130. However, the vari-

ous constants and correlation coefficients, as determined with these

two varieties of barley by the two methods outlined, are of sufficient

uniformity to indicate that this short method may be used and that

constants determined by the two methods are comparable.

The distribution of the individuals in the various correlations which

have been cited in this study with barley is given in Tables VII to

XXX, which are appended. It will be noticed that there is very little

dift'erence in the distribution by the two methods, except that the dis-

tribution by using the main culm is more uniform as a whole than

that by use of the average of the plant. Just the opposite finding

as to distribution is reported by Leighty in his study with oats.

Table VII.

—

Xew Zealand barley—correlation of yield per culm and height

per culm for average of plant. (r= .511 ± .029.)

Average height of culms in centimeters

00 00 •0 00 <N

10 10 IT) 00
1

00
Totals1

<N
1 1

00
1

so
1

00
1

(N NO 00
10 10 10 NO r- 00

400- 450 I I 2

450- 500 I I 2

500- 550 I I 2 I 5

550- 600 I I I I I 2 I 8

600- 650 I I I 3 2 8

650- 700 3 4 3 3 2 2 4 6 27

700- 750 I I I 3 3 I 2 5 2 19

750- 800 I I 2 5 2 7 5 5 4 4 I 37
800- 850 I 3 4 5 7 3 7 4 3 2 39
850- 900 I 2 3 6 3 1

1

7 5 3 4 I 46
900- 950 I I 3 4 3 3 9 3 2 2 31

950-1000 2 2 3 4 4 2 3 I I 22

IOOO-I050 3 2 2 4 2 7 6 I 27

I050-IIOO I 3 2 I I 3 2 I 14

IIOO-II50 I I I I I 5

1 1 50-1 200 I I I I I I 6

I2OO-I25O I I

I25O-I3OO
I3OO-I35O I I

Totals 2 2 6 10 15 20 36 27 41 43 36 19 20 12 8 2 300

Summary.

The results obtained by the study of these two methods with barley

may be summarized as follows

:

I. The material used in this study consists of two varieties of

barley known as Xew Zealand and Berkeley, respectively. Each

variety consists of thirty pure lines of ten plants each, or three hun-

dred plants in all.
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2. A comparison of the constants for the five characters when de-

termined by using the average for the entire plant as one method and

the main culm of the same plant as the other method, indicate the

following

:

(a) The means and standard deviations are quite uniform and are

larger in most cases when determined with the main culm.

(b) The coefficients of variability are slightly larger when deter-

mined by the use of the whole plant.

(c) The correlation coefficients are not uniformly different when
determined by the two methods, and are of approximately equal value,

with some exceptions, when determined by either method.

3. The general conclusion based on this study is as follows : Within

certain limits, the biometrical constants as determined by using the

main culm of barley plants are of equal value and are comparable with

those obtained by using the entire plant as the unit.

Table VIII.

—

New Zealand barley—correlation of yield per culm and number

of kernels per culm, for average of plant, (r = .836 ± .012.)

Average number kernels per culm.

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Totals

400- 450 I I 2

450- 500 I I 2

500- 550 3 I I

1550- 600 I I I 3 2

600- 650 3 3 2 • 8

650- 700 4 9 8 5 I 27

700- 750 I 4 7 5 I I 19

750- 800 I 3 2 9 10 7 4 I 37
800- 850 5 I 10 9 8 5 I 39
850- 900 I 6 7 14 II 7 46
900- 950 I II II 6 2 31

950-1000 2 I 5 10 4 22

1000-1050 3 I 8 12 2 I 27
> 1050-1100 I 3 5 4 I 14
1100-1150 4 I 5

1 150-1200 I I 2 I I 6

1200-1250 I I

1250-1300
1300-1350 I I

Totals I 2 2 I 10 30 31 45 51 41 42 25 13 5 I 300
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Table IX.

—

New Zealand barley—correlation of yield per culm and number of

spikelets per cuhn, for average of plant. (r= .695 ± .020.)

Average number spikelets per culm.

20 21 22 23 24 25 26 27 28 29 30 31 32 33 Totals

400— 450 I I 2

450— 500 I I 2

500— 550 2 1 c:

550— 600 I 2 -3

J 2 8

600— 650 2 -2 2 I 8

650— 700 2 A 8 8 -2 I I 27

700— 750 •2 8 cJ A ID

750— 800 I 3 4 6 10 8 A
•4- I

1

800- 850 I 2 5 8 3 13 6 I 39
850- 900 I I 9 7 9 10 8 I 46
900- 950 I 5 5 14 5 I 31
950-1000 I 2 I I 6 7 4 22

IOOO-I050 I 2 2 4 6 1

1

I 27
I050-IIOO I 3 7 3 14
IIOO-II50 3 2 5

1 150-1200 I I I 2 I 6

I200-I250 I I

I250-I300
I300-I350 I I

Totals 2 I 3 II 21 37 54 37 56 39 29 8 I I 300

Table X.

—

Xew Zealand barley—correlation of yield per culm and average

weight per kernel, for average of plant, (r= .790 ± .015,)

Average weight per kernel in deci-milligrams.

240 255 270 285 300 315 330 345 360 375 390 405 420 435 450 465 Totals
255 270 285 300 315 330 345 360 375 390 405 420 435 450 465 480

400- 450 I I 2

450- 500 I I 2

500- 550 I I 2 I 5
550- 600 I 3 I I I I 8

600- 650 I 5 I I 8

650- 700 5 6 8 8 27
700- 750 2 3 6 2 3 2 I 19
750- 800 5 8 6 7 6 2 I I I 37
800- 850 I 10 8 8 6 51 39
850- 900 I 7 II 10 9 5 2 I 46
900- 950 I 5 8 14 2 I 31
950-1000 I 24761 I 22

I 000-1050 I 5 10 6 2 I 2 27
1050-1100 2335 I 14
II 00-11 50 I I 3 5
1 150-1200 I 112 I 6

I200-I250 I I

I250-I300

1 300-1350 I I

Totals 2 2 3 5 9 12 19 30 35 36 41 48 30 19 4 5 300
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Table XI.

—

New Zealand barley—correlation of average weight per kernel

and height of culm, for average of plant. (r= .221 ± .037.)

Average height of culm in centimeters.

a;

>

48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 Totals

I 2

2

270—285 3
285-300 I 3 I 5
300-315 I I I I I 2 I I 9
315-330 2 I I 2 3 3 12

330-345 I I 2 I 2 I 5 3 3 19
345-360 I I 2 2 4 7 2 5 2 2 2 30
360-375 2 2 I 3 8 3 4 3 2 I 5 I 35
375-390 I I 2 I 3 3 3 5 8 6 I I I 36
390-405 I 2 2 2 5 3 4 5 8 I 2 4 I I 41
405-420 I 2 2 4 2 10 5 6 3 4 6 2 I 48
420-435 I 4 2 I 3 3 2 3 3 6 I I 30
435-450 I I 4 I 4 3 2 I 2 19
450-465 I I I I 4
465-480 2 I I I 5

Totals 2 2 I 6 10 15 20 36 27 41 43 36 19 20 12 8 2 300

Table XII.

—

New Zealand barley—correlation of average weight per kernel

and number of kernels per culm, for average of plant. (r = .365 ± .034.)

Average number kernels per culm.

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Totals

I I 2

I I 2

I 2 3
2 2 I 5

I 2 3 I I I 9
I I 2 4 3 12

I 5 6 3 3 I 19
I 6 2 3 6 6 6 30

4 5 6 7 3 6 3 I 35
2 4 8 3 10 4 3 I 36
I 5 6 9 7 5 4 3 I 41

2 I 5 13 7 7 8 3 I I 48

I 4 5 2 2 4 6 4 I I 30
I I 2 I 2 4 3 4 I 19

I I I I 4
I I 2 I 5

2 2 I 10 30 31 45 51 41 42 25 13 5 I 300

240-255
255-270
270-285
285-300
300-315

^ 315-330

S 330-345
2 345-360

^ 360-375

I 375-390
390-405
405-420
420-435
435-450
450-465
465-480

Totals
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Table XIII.

—

New Zealand barley—correlation of yield per culm and height

of culm, for main culm, (r= .394 ± .033.)

Average height of culm in centimeters.

58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92
1 otals

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94

550— 600 I I 2

600— 650 I 2 3
650— 700 I I

700— 750 I I I 3
750— 800 I I 2 4
800- 850 I I 3 5

850— 900 2 I I I I I 2 9
900— 950 I I 2

950—1000 I I I I I I I 2 3 2 14
1000—1050 I I 2 3 3 2 2 I 15

I 050—1 100 I I 3 I I 4 4 4 I 2 22

1 100— 1 150 2 I I 5 4 4 6 2 25

1 150-1200 I I 4 6 I 10 5 9 4 41

1200-1250 I 2 2 3 4 7 4 5 3 31

I250-I300 2 I 3 2 7 2 6 3 I 2 29
I300-I350 2 I 2 2 3 7 4 9 5 35
I350-I400 I 2 5 2 2 3 2 3 I I 22

I400-I450 I 4 2 5 I 2 I 16

I450-I500 2 4 I I I 3 12

I500-I550 2 I I I I 6

I550-I600 I I

I600-I650 I I 2

Totals 14385 16 18 35 35 46 47 29 30 16 4 2 I 300

Table XIV.—.V^w Zealand barley—correlation of yield per culm and number

of kernels per culm, for main culm, (r = .828 ± .012.)

Average number kernels per culm.

1 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 Totals

550- 600 I I 2

600- 650 I I I 3
650- 700 I I

700- 750 I I I 3

750- 800 2 I I 4
800- 850 I I I 2 5

850- 900 2 2 3 I I 9
900- 950 I I 2

950-1000 I I I 3 3 3 2 14

IOOO-I050 2 2 2 2 2 5 15

I050-IIOO I 2 7 7 I 3 I 22

I I 00-11 50 I 2 I 3 10 3 5 25
1 150-1200 6 6 12 12 4 I 41
I200-I250 I I I 3 10 8 6 I 31
I250-I300 I 5 9 10 4 29
I300-I350 2 10 1462 I 35
I350-I400 4 872 I 22

I400-I450 3 n I I 16

I450-I500 I 2 5 I 2 I 12

I500-I550 2 I 3 6

1 550-1600 I I

I600-I650 I I 2

Totals 2 3 3 6 12 1

1

26 27 50 51 53 38 7 8 I I I 300
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Table XV.

—

New Zealand barley—correlation of yield per culm and number

of spikelets per culm, for main culm. (r=.732 ± .018.)

Average number of spikelets per culm.

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 Totals

550
600

650
700-

750-

800-

850-

900-

950-

1000-

1050-

iioo-

1150-

1200-

1250-

1300-

1350-

1400-

1450-

1500-

1550-

1600-

- 600
- 650
- 700
- 750
- 800
- 850
- 900
- 950
-1000

-1050

-IIOO

-II50

-1200

-1250

-1300

-1350

-1400

-1450

-1500

-1550

-1600

-1650

II 10

10 5

Totals 7 12 24 33 44 53 64 32 14 4

Table XVI.

—

New Zealand barley—correlation of yield per culm and average

weight per kernel, for main culm, (r= .727 ± .018.)

Average weight per kernel in deci-milligrams.

240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560
260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 Totals

550- 600 I I 2

600- 650 I II 3
650- 700 I I

700- 750 2 I 3
750- 800 2 2 4
800- 850 3 I I 5

850- 900 I I 4 3 9
900- 950 I I 2

950-1000 I 3 4 3 I I I 14

IOOO-I050 4 3 2 2 2 2 15

I050-IIOO 3 2 10 3 2 2 22

IIOO-II50 I 5 8 8 2 I 25

II 50-1200 4 12 14 5 6 41

I200-I250 4 10 10 5 I I 31

I250-I300 4 5 14 5 I 29
I300-I350 I 6 14 12 2 35
I350-I400 I 2 6 9 4 22

1400-1450 2 II 3 16

I450-I500 3 I 5 2 I 12

I500-I550 3 3 6

1 550-1600 I I

I600-I650 I I 2

Totals I 2 I 4 9 10 18 17 43 50 59 58 21 5 2 300
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Table XVII.

—

New Zealand barley—correlation of average weight per kernel

and height of culm, for main culm, (r = .367 ± .034.)

Average height of cuhn in centimeters.

58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92
1 oca60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94

240-260 I I

260-280

^ 280-300 I I 2
•S 300-320 I I

Ij 320-340 I I I I 4
£ 340-360 I 2 I 3 I 9
^ 1 360-380 I I 2 2 I 3 10

u a 380-400 I I 3 I 2 2 I 3 2 I I 18

D, M 400-420 I 2 3 2 4 2 3 17
4j = 420-440 2 I I 5 2 6 2 7 8 5 3 I 43

E 440-460 I I 3 8 5 12 5 6 7 2 50
| 460-480 III 4 8 3 10 1

1

6 5 8 I 59
480-500 I 3 2 5 10 6 7 6 10 5 3 58

^ 500-520 2 3 4 3 5 2 I I 21

S 520-540 I I I 2 5
> 540-560
^ 560-580 I I 2

Totals I 4 3 8 5 16 18 35 35 46 47 29 30 16 4 2 I 300

Table XVIII.—New Zealand barley—correlation of average weight per kernel

and number of kernels per culm, for main cuhn. (r= .470 ± .030.)

Average number of kernels per culm.

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 Totals

240-260 I I

260-280
280-300 I I 2

300-320 I I

320-340 I I I I 4
340-360 I I I 2 2 I I 9
360-380 2 I 3 I 2 I 10

380-400 I 2 I I 3 5 2 2 I 18

400-420 3 2 2 3 6 I 17

420-440 I I 5 8 6 1

1

5 5 I 43
440-460 2 4 3 16 9 8 4 4 50
460-480 I 2 2 I 4 9 10 17 8 I 3 I 59
480-500 2 I 2 7 4 6 10 10 12 I 3 58
500-520 I I I 2 4 3 7 I I 21

520-540 I 2 I I 5

540-560
560-580 I I 2

Totals 2 3 3 6 12 II 26 27 50 51 53 38 7 8 I I I 300
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Table XIX.

—

Berkeley barley—correlation of yield per culm and height of

culm, for average of plant, (r= .654 ± .022.)

Average height of culm in centimeters.

46 48 51 54 57 60 63 66 69 72 75 78 81 84 87

48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 Totals

200- 250 I I 2

250- 300
300- 350
350- 400 I I

400- 450
450- 500 I I 2

500- 550 I I

550- 600 I I 2 I 5
600- 650 I I I 3
650- 700 I 2 2 3 3 II

700- 750 4 3 I I 9
750- 800 3 4 I 2 3 I I IS
800- 850 5 9 4 5 3 I 27
850- 900 I 9 12 5 3 2 I 33
900- 950 8 15 12 12 3 I I 52

950-1000 I 7 17 17 9 8 59
1000-1050 13 9 10 5 4 41
1050-IIOO I 7 5 5 4 22

IIOO-II50 I I I 2 4 9
II50-1200 I I 2 4 8

Totals I I I 2 14 16 41 70 60 45 30 18 I 300

Table XX.

—

Berkeley barley—correlation of yield per culm and number of

kernels per culm, for average of plant. (r= .864 ± .010.)

Average number kernels per culm.

7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Tota

200- 250 2 2

a

250- 300
300- 350

u 350- 400 I I

400- 450

in

mil 450- 500 I I 2

500- 550 I I

550- 600 I I I I I 5

S 600- 650 2 I 3
650- 700 I I I 3 I 3 I II

per
700- 750 2 4 II I 9
750- 800 I 6 4 3 I 15

800- 850 I 7 9 7 I I I 27

850- 900 I 3 13 10 6 33

<v
bO
a

900- 950 10 24 14 3 I 52

950-1000 3 21 24 10 I 59
1000-1050 I 3 17 12 8 41

1050-
1 100-

1150-

IIOO
II50
1200

I 9

3
I

10

I

2

I

4
3

I

2

I 22

9
8

Totals 200 1 3 2 2 4 10 22 44 70 63 41 24 8 3 I 300
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Table XXI.

—

Berkeley barley—correlation of yield per culm and number of

spikelets per culm, for average of plant, {r — .521 ± .028.)

Average number spikelets per culm.

18 19 20 21 22 23 24 25 26 27 28 29 30 Totals

200— 250 I I 2

250- 300
300- 350
350- 400 I I

400- 450
450- 500 I I 2

500- 550 I I

550- 600 I I 2 I 5
600- 650 I I I 3
650- 700 I I I 2 2 4 II

700- 750 2 3 2 I I 9
750- 800 I 4 2 5 2 I 15
800- 850 I 2 5 9 5 4 I 27
850- 900 7 12 10 4 33
900- 950 4 17 20 9 2 52
950-1000 2 10 28 18 I 59
IOOO-I050 10 22 9 41
1050-IIOO I II 7 2 I 22

IIOO- II50 3 3 3 9
II50-1200 I 2 4 I 8

Totals I 2 3 4 10 24 58 81 79 26 10 I I 300

Table XXII.

—

Berkeley barley—correlation of yield per culm and average

weight per kernel, for average of plant, = .753 ± .017.)

Average weight per kernel in deci-miiligrams.

250 270 290 310 330 350 370 390 410 430 450 470 490 510
Totals270 290 310 330 350 370 390 410 430 450 470 490 510 530

200- 250 I I 2

250- 300
300- 350
350- 400 I I

400- 450
450- 500 I I 2

500- 550 I I

550- 600 I I I I I 5
600- 650 I 2 3
650- 700 I I 2 I 2 I 2 I. II

700- 750 I I 2 4 I 9
750- 800 2 3 7 I 2 15
800- 850 I 6 3 1

1

5 I 27
850- 900 5 9 13 4 I I 33
900- 950 3 9 26 12 2 52

950- [OOO I 8 19 21 10 59
IOOO-I050 5 10 15 8 3 41

1050- IIOO I 9 9 3 22

I IOO-II50 4 2 2 I 9
1 1

50- [200 I 4 I 2 8

Totals I o o 4 4 9 5 15 23 46 87 72 27 7 300
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Table XXIII.

—

Berkeley barley—correlation of average weight per kernel and

height of culm, for average of plant. (r = .384 ± .033.)

Average height of culm in centimeters.

45 48 51 54 57 60 63 66 69 72 75 78 81 84 87

48 51 54 57 60 63 66 69 72 75 78 81 84 87 90 Totals

250-270 I I

279-290
290-310
310-330 I 2 I 4
330-350 I 2 I 4
350-370 I I 2 I 2 I I 9
370-390 2 I 2 5
390-410 2 4 2 2 2 2 I 15

410-430 I 5 I 2 2 8 2 I I 23

430-450 6 9 10 4 10 6 I 46
450-470 I 2 13 16 22 14 9 9 I 87
470-490 2 9 23 14 9 9 6 72

490-510 I 10 7 7 2 27

510-530 3 3 I 7

Totals I I I 2 14 16 41 70 60 45 30 18 I 300

Table XXIV.

—

Berkeley barley—correlation of average weight per kernel

and number of kernels per culm, for average of plant. (r = ,378± .033.)

Average number kernels per culm.

7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Totals

250-270 I I

270-290
290-310
310-330 I I I I 4
330-350 I I I I 4
350-370 I I 2 2 2 I 9
370-390 I 2 I I 5

390-410 3 3 I 6 I I 15

410-430 I 2 5 2 4 6 2 I 23

430-450 I I I 4 9 6 10 9 5 46
450-470 5 12 25 19 9 II 4 2 87

470-490 I I I I 2 10 15 20 11 5 4 I 72

490-510 5 10 6 5 I 27
510-530 I I I I 2 I 7

Totals 20000 I 3 2 2 4 10 22 44 70 63 41 24 8 3 I 300
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Table XXV.

—

Berkeley barley—correlation of yield per culm and height of

culm, for main culm, (r = .529 ± .028,)

Average height of culm in centimeters.

56 59 62 65 68 71 lA1 1 77 80 8^ 86 80 02y^ Q< q8

59 62 68 71 77 80 8^ 86 80 Q2y^ O? 98 lOI

360- 420 I

420- 480 I

480- 540 I

540- 600 I

600- 660 2

660- 720 2 2

720- 780 I I

780- 840 1 2 2 I I

840- 900 7 I

900- 960 8 8 6 2 3
960-1020 6 8 6 II 5 I

I020-I080 7 12 14 II 7 3 I

I080-II40 5 4 II 8 9 6
I 140-1200 2 4 7 11 10 7 I

I200-I260 I 8 5 6 9 6 2

I260-I320 2 I 4 3 I

I320-I380 I 4 2 I

I 3 80-1 440 3 I I I

1440-1500 I

Totals 2 I 2 8 42 54 53 55 42 31 8 I I

Totals

Table XX\T.—Berkeley barley—correlation of yield per culm and number of

kernels per culm, for main culm, (r = .910 ± .007.)

Average number of kernels per culm.

10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Tota

360- 420 I I

c
420- 480 I I

j5
480- 540 I I

_5j 540- 600 I I

600- 660 I I 2

660- 720 2 I I 5

720- 780 I I I 3
780- 840 2 2 I 2 7

840- 900 3 2 I 3 9
900- 960 6 8 II 2 27
960-1020 3 17 12 5 I 38
1020-1080 8 27 13 6 2 56
1080-1140 4 26 12 2 44
1140-1200 3 20 15 3 I 42
1 200-1 260 I 6 18 10 2 37
1260-1320 1262 II

1320-1380 I 15 I 8

< I 3 80- I 440
1440-1500

4 2

I

6

I

Totals I 004 2 3 8 10 14 40 44 50 46 40 20 14 3 I 300
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Table XXVII.

—

Berkeley barley—correlation of yield per culm and number

of spikelets per culm, for main culm, (r = .638 ± .023.)

Average number spikelets per culm.

20 21 22 23 24 25 26 27 28 29 30 31 Totals

360- 420 I I

420— 480 I
•

I

480— KAO

540— 600
600— 660 J 2

660- 720 I I I I I c

720- 780 2 I

780- 840 I I I 2 I I 7

840- 900 I I 2 I 2 I I 9
900- 960 3 I 8 5 6 2 I I 27
960-1020 4 7 15 9 I I I 38
I020-I080 4 9 16 19 3 4 I 56
I080-II40 I 14 9 16 3 I 44
I 140-1200 5 13 13 II 42
I200-I260 I 5 13 12 5 I 37
I260-I320 I 2 3 2 2 I II

I320-I380 2 3 3 8

I380-I440 I I 4 6

I440-I500 I I

Totals I 4 6 12 33 58 66 54 41 10 12 3 300

Table XXVIII.

—

Berkeley barley—correlation of yield per culm and average

weight per kernel, for main culm, (r = .662 ± .022.)

Average weight per kernel in deci-milligrams.

300 320 340 360 380 400 420 440 460 480 500 520 540 560
320 340 360 380 400 420 440 460 480 500 520 540 560 580 Totals

360- 420 I I

420- 480 I I

480- 540 I I

540- 600 I I

600- 660 I I 2

660- 720 I I I 2 5
720- 780 I 2 3
780- 840 2 I I 2 I 7

840- 900 I 3 I 2 I I 9
900- 960 2 3 9 7 3 3 27
960-1020 6 10 16 6 38
1020-1080 2 5 8 20 16 5 56
1080-1140 5 16 20 3 44
1 140-1200 2 4 19 14 3 42
1200-1260 I 8 17 9 2 37
1260-1320 I 7 III II

1320-1380 5 2 I 8

1380-1440 2 I 3 6

1440-1500 I I

Totals I I 3 I 5 8 19 40 91 94 28 7 2 300
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Table XXIX.

—

Berkeley barley—correlation of average weight per kernel and

Jieight of culm for main culm, (r = .128 ± .038.)

Average height of cuhii in centimeters.

56 59 62 65 68 71 74 77 80 83 86 89 02 0^ 08

59 62 65 68 71 74 77 80 83 86 89 02 V J 98 lOI Totals

300-320 I I

320-340 I I

340-360 I I I 3
360-380
380-400 I I

400-420 I I I I I 5
420-440 I 3 2 2 8

440-460 I 5 4 3 3 I 2 19
460-480 7 9 10 7 5 2 40
480-500 I 2 10 II 17 23 15 9 3 91
500-520 3 9 16 13 14 17 16 5 I 94
520-540 5 8 6 5 3 I 28

540-560 4 I 2 7
560-580 I I 2

Totals 2 I 2 8 42 54 53 55 42 31 8 I I 300

Table XXX.

—

Berkeley barley—correlation of average weight per kernel and

number kernels per culm, for main culm, (r= .351 ± .034.)

Average number of kernels per culm.

10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
j

Totals

300-320 I I

320-340 I I

340-360 I I I 3
360-380
380-400 I I

400-420 I 2 I I 5

420-440 I I I I 2 2 8

440-460 I I I 5 3 3 5 19

460-480 I I I I 8 9 7 5331 40
480-500 I 2 I 8 13 14 15 14 14 7 2 91

500-520 2 I I 3 2 7 14 19 14 14 9 5 3 94
520-540 I 3 5 3 3 6412 28

540-560 I 3 3 7

560-580 I I 2

Totals 10004 2 3 8 10 14 40 44 50 46 40 20 14 3 I 300
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ON OSMOSIS IN SOILS: THE EFFICIENCY OF THE SOIL
CONSTITUENTS AS SEMI-PERMEABLE MEMBRANES.^

In work previously described,- it was shown that:— (i) the soil

acts as a semi-permeable membrane; (2) the efficiency of the soil as

a semi-permeable membrane increases with the depth of the soil

column; (3) water moves through the soil towards a solution and

develops a certain osmotic pressure; (4) the osmotic pressure devel-

oped increases with the temperature.

The object of the following experiments was to compare the effi-

ciencies of the dififerent soil constituents as semi-permeable membranes.

The Soil.

The soil constituents used are shown in Table I. They were ob-

tained from different soils from the Alacdonald College farm, by the

Table I.

—

The Soil Constituents Used in These Experiments.

usual operations employed in the mechanical analysis of soils. The

sands were obtained from a sandy loam and the silt from a clay loam.

It will be noticed that there are two clays, which we have called

" clay " and fine clay " respectively. The origin of these clays is as

follows. We obtained the " clay " from a clay subsoil, the " fine clay
"

from a clay loam. We noticed that the "fine clay" was much finer

than the " clay " and decided to make a separate experiment with it.

1 Read before the Royal Society of Canada, May 28, 1913.

2 C. J. Lynde, Osmosis in Soils. Soils act as Semi-Permeable Membranes,

Journal of Physical Chemistry, Vol. 16, No. 9, December, p. 750 (1912), and

Proceedings of the American Society of Agronomy, Vol. 4, 1912. C, J. Lynde

and F. W. Bates, Osmosis in Soils, Journal of Physical Chemistry, Vol. 16, No.

9, December, p. 766 (1912), and Proceedings of the American Society of

Agronomy, Vol. 4, p. 108, 1912.

C. J. Lynde and H. A. Dupre.

Macdonald College, P. Q., Canada.

Soil Constituents.

Medium sand

Fine sand

Very fine sand

Diameter of the Grains.

.5 -.25 mm.

.25 -.1 mm.

.1 -.05 mm.
.05 -.005 mm.
.005-001 mm.
,001- mm.

Silt

Clay

Fine clay
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This " fine clay " gave us remarkable osmotic pressures and led us to

make experiments with still finer clay which in turn gave us much
more remarkable osmotic pressures (see below).

The grains of soil in the " clay " were chiefly between .005 and

.001 of a mm. in diameter. The grains of soil in the " fine clay " were

for the most part less than .001 of a mm. in diameter.

The Apparatus.

The apparatus used with sands, silt and clay is shown in Fig. 7.

The apparatus used with the fine clay was the same in the beginning

TUBES B

n

-J

'%TILLS.J3 tn/ATB/K.

CL\y sua SO/t

SOIL COLU/wiW

Fig. 7.—Apparatus used with sands, silt and clay.

but the osmotic pressure was greater than we had anticipated and the

solution ran out at the top of the tubes. We then used the apparatus

shown in Fig. 8. This is the same as the apparatus shown in Fig. 7,

except that an open-arm mercury manometer is used in place of the

vertical glass tubes.
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The tubes A (Fig. 7) are of glass approximately i cm. inside diam-

eter, and 15 cm. long. The lower end of each is covered with one

thickness of cotton cloth. The tubes B are between i and 2 mm.
inside diameter and 15 cm. long.

Duplicate 6-gram samples of the air-dry soil constituents were

weighed out. Each sample was placed in a test tube with about

25 c.c. of distilled water, shaken up and allowed to stand over night.

The test tubes with their contents were then placed in a larger vessel

of water and the water was boiled for three hours. This helped to

disintegrate the soil, sterilize it and free it from air.

In the meantime the tubes A, the rubber stopper and the tubes B
were sterilized in boiling water. The hot mixtures of soil and water

were then poured into the tube A ; the tubes were placed in the cen-

trifuge cups and the cups were filled with boiling water to the level

Fig. 8.—Apparatus used with the " fine clay."
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of the liquid in the tubes A. The centrifuge was then run at top speed

for 15 minutes to settle the soil. The centrifuge made 1,300 revolu-

tions per minute and the middle of the soil columns when settled was

25 cm. from the center of the axis of the centrifuge.

The liquid above the settled soil constituents was then emptied out

and replaced by a clay subsoil solution, except in the case of the fine

clay. In this case the solution was the liquid left above the fine clay

when settled.

The rubber stoppers and the tubes B were then inserted and the

tubes were placed in a large vessel of distilled water. The level of

the distilled water at the beginning was made higher than the level of

the liquid in any of the tubes B.

Daily observations were made on the level of the solutions and the

tubes B for a period of 6 weeks. In determining the final osmotic

pressure, we made corrections for the height the water rose in the

tubes B by surface tension. In the case of the open-air manometer

we made corrections for the length of the column of solution in the

short arm of the manometer. The results obtained are shown in

Table II.

Table II.

—

Osmotic Pressures Obtained with the Different Soil Constituents

Used as Semi-permeable }Iembranes.

Depth of Soil Osmotic Prsesure

Soil Constituent. Column in Cm. in Grams.

Medium sand

7

0.

Fine sand

7

0.

Very fine sand

7

0.

Silt (I)

8

.2

Silt (2) lost

Clay (i)

6.5

4.4

Clay (2)

7-2

44
Fine clay (i)

5-5

42.1

Fine clay (2) So 42.0

These results show that:— (i) for the solution used, the sands do

not act as semi-permeable membranes, but the silt, clay and fine clay

do so act; (2) the finer the soil grains in a soil constituent the greater

is the osmotic pressure it supports.

To test the constancy of these osmotic pressures we proceeded as

follows. After the osmotic pressures had become constant we allowed

the level of the distilled water to fall by evaporation. The solution

fell also, but in all cases the osmotic pressures remained constant.

We then raised the level of the distilled water; the solutions rose also

and in a few days gave the former osmotic pressures.
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It will be noticed that in the case of the fine clay, a soil column 5.5

cm. long supports an osmotic pressure equivalent to a water column

42.1 cm. long, that is, a water column nearly 8 times as high as the

soil is deep.

This remarkable result led us to make experiments with soil col-

umns composed of still finer clay. For the soil columns we used clay

which had remained suspended in water for i week. With a soil

column 6 cm. deep we have obtained an osmotic pressure of over 315

grams per square centimeter. This pressure is equivalent to a water

column over 315 cm. high, that is, a column over 50 times as high as

the soil is deep. The pressure is still increasing and the final results

will be given in a later paper.

The Efficiency of the Soil Constituents as Semi-permeable

Membranes.

We compared the electrical resistance of the soil solutions with that

of a 0.02 N-KCl solution and then calculated the efficiency of the soil

constituents as semi-permeable membranes by the method described in

the papers cited above. The results obtained are shown in Table III.

Table IIL—Efficiency of the Soil Constituents as Semi-permeable Membranes.

Soil Constituent. Depth of Soil Column,
Cm.

Resistance of Solution
in Ohms, 16° C.

Efficiency, Per Cent.

Silt 8 850 .07

Clay (I) 6.5 1,400 2.6

Clay (2) 7.2 1,300 2.4

Fine clay (i) 5-5 1,500 27.1

Fine clay (2) 5-5 1,420 25.6

Resistance of 0.02 N-KCl solution at 16° €. = 250 ohms.

Conclusion.

The finer the soil grains in a soil constituent, the greater is the

efficiency of the soil, constituent as a semi-permeable membrane, when

used with a clay subsoil solution.
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ON A NEW METHOD OF MEASURING THE CAPILLARY
LIFT OF SOILS.i

C. J. Lynde and H. a. Dupre.

Macdonald College, P. Q., Canada.

By the term capillary lift we mean the maximum vertical height

in centimeters to which the soil can raise water under a pressure of

one atmosphere.

For the sake of clearness we have divided this paper into four

parts, as follows

:

I. A description of a new method of measuring the capillary lift

of soils and a comparison of this method with the old method.

II. The results obtained in measuring the capillary lift of the soil

constituents.

III. Results which indicate that the pressure of the atmosphere

limits the lift which can be measured by this method.

IV. A discussion of the question " Can soils lift water to heights

greater than ten meters, or 34 feet, the height to which water can be

raised by atmospheric pressure?"

I. A New Method of Measuring the Capillary Lift of Soils.

In the usual method of measuring the capillary lift in soils a glass

tube is covered at one end with cloth ; the tube is filled with soil and

the covered end is placed in water.

The disadvantages of this method are as follows

:

1. The soil must be used in a fairly dry condition.

2. It takes months to make an experiment with a fine soil.

3. The results obtained with fine soils are of little value because

friction stops the rise of moisture before the maximum lift is reached.

The advantages of the method described below are as follows:

1. The moisture moves through a wet soil.

2. The moisture passes through a very short column of the wet soil

and thus friction is reduced to a maximum.

3. The time required to make a measurement is reduced from

months to hours.

4. The final measurement is a fairly accurate measure of the capil-

lary lift of the soil.

The apparatus used is illustrated in Fig. 9. It consists of an ordi-

1 Read before the Royal Society of Canada, May 28, 1913.
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nary glass funnel about 4 cm. in diameter across the top. This is

joined to a thick-walled capillary tube about 90 cm. long, by a piece of

rubber tubing. The lower end of the capillary tube is placed in a

SO/L
COTTON CLOTH PtLTEK

o a a £ R ruse-

«-M/ATeR SEAL

^.C APi A R Y TUBS

f^M E 7i C U n V

Ujs- c u 7? r CUP

Fig. 9.—Apparatus used to measure the capillary lift of soils.

cup of mercury. The water seal consists of a glass tube, 2 cm. in

diameter and 15 cm. long, closed at the bottom with a rubber stopper

through which the capillary tube passes. The seal is filled with water

and prevents air from entering about the rubber tube.
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Hozv the Apparatus Was Set Up.—Duplicate 6-grani samples of

soil were placed in water and allowed to stand over night. They

were then boiled for a short time to expel air. The funnels were

fitted with cotton cloth filters, cut into the form of circles 2 cm. in

diameter and folded filter fashion. Two cups of a centrifuge were

then filled with distilled water previously boiled to expel the air; the

funnels, with their filters, were placed in the cups, being supported by

the top rim of the cups. Part of the hot mixtures of soil and water

was poured into the funnels and the soil was settled in the centrifuge.

More soil and water was then added to the funnels and the soil settled

in the centrifuge. This was continued until the soil was well above

the edges of the cotton cloth filters.

The capillary tubes, with the rubber tubes attached, were then

filled with water previously boiled to expel air and the funnels were

inserted into the rubber tubes. In doing this we took care to prevent

air from entering the funnels or tubes, also we carefully avoided dis-

turbing the soil. The lower ends of the capillary tubes were then

placed in cups of mercury and the water seals were filled with boiled

distilled water.

Hozi' the Experiment Works.—If, at the beginning, there is a layer

of water above the soil, it gradually percolates through the soil and

water comes out on the surface of the mercury in the mercury cup.

That is, percolation takes place.

\\'hen the water disappears from the surface, however, the menis-

cuses in the soil pores begin to act. We picture this action as follows.

Water molecules leave the surface of the meniscuses by evaporation

and are replaced by water molecules from beneath the meniscuses.

This brings about a decrease in pressure beneath the meniscuses and

mercury is forced up in the capillary tube by atmospheric pressure.

This apparatus is similar to that used by Askenasy,- the chief dif-

ference being that we use a layer of soil instead of a plate of gypsum.

The maximum capillary lift produced by the soil is found as fol-

lows : Measure the length of the mercury column in centimeters, mul-

tiply this by 13.6 and add the length of the water column in centi-

meters from the top of the mercury column to the middle of the soil

layer.

To test this method we used a clay subsoil the mechanical analysis

of which is shown in Table I.

2 Verhand. a. d. Naturhist. Med. Vereins Heidelberg, N.F., Bd. V, 1895; and
N. F., V, 1896.
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Table L—Mechanical Analysis of the Soil Used.

Percent

Clay 74-3

Silt 2O.0

Sand, less than 2 mm 1.4

Sand, greater than 2 mm 6

Organic matter 3.7

The results obtained are shown in Table 11.

Table II.

—

Three Capillary Lifts Produced by the Soil Mentioned Above.

Experiment.

Lift.

Time Required.
Hg. H2O. H2O.

cm. cm. feet. hours.

I 67.5 918 30.1 20
2 65.4 889 29.1 22

3 63.6 865 28.3 23

Comparison of the New Method with the Old Method.

As far as we are aware, the greatest capillary lift measured by the

old method is that of Loughridge.^ He used quartz tailings, .016-

.005 mm. in diameter, and obtained a capillary lift of 10.17 f^^t the

time required being about 18 months. By the method described above

we have been able to measure a capillary lift of 30.1 feet and the time

required was 20 hours. That is, this method has enabled us to meas-

ure a capillary lift approximately three times as great as the maximum
lift observed by the old method and the time required was reduced

from months to hours.

Advantages of the New Method.—As stated above the advantages

of the new method are:

1. The moisture moves through a wet soil.

2. The moisture passes through a very short column of the wet soil

and thus friction is reduced to a minimum.

3. The time required to make a measurement is reduced from

months to hours.

4. The final measurement is a fairly accurate measure of the capil-

lary lift of the soil.

II. The Capillary Lift Produced by the Soil Constituents.

The soil constituents were obtained from different soils of the

Macdonald College farm by the regular operations used in the mechan-

ical analysis of soils.

Hilgard, E. W., Soils, p. 203.
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Method.—The apparatus was set up in duplicate for each soil con-

stituent in the manner described above, with the following exceptions.

With medium sand, which has a low capillary lift, we did not use

a capillary tube ; we simply stood the funnels in the cups of mercury.

With fine sand and very fine sand we used short capillary tubes.

The results are shown in Table III.

Table III.

—

The Capillary Lift Produced by the Soil Constituents.

Soil Constituent.
Diameter of

Grains.

Lift.

Hg. H2O. H2O.

mm. cm. cm. feet.

•5 --25 2.2 29.9 .98

2.1

.25 -.1 4.0 54-4 1.78

3-9

.1 -.05 9.1 123-7 4-05

8.8

•OS -.005 22.4 304-5 9-99
21.3

•005- 60.1 817.0 26.80

55-9

Medium sand

.

Fine sand ....

\'ery fine sand

Silt

Clay

Comparison of the Calculated and Observed Values of the
Capillary Lifts of the Soil Constituents.

To calculate the effective diameter of the capillary pores of the soil

we used the following formula derived by King.*

_ / .26230^2D

in which = effective diameter of soil pore and J= diameter of

soil grain.

We then calculated the limits between which th-e capillary lift of

each soil constituent should fall. We used the formula

:

H= DSg
AT

in which //= capillary lift in centimeters.

T= surface tension of water in dynes per linear centi-

meter =75 dynes.

Z)= effective diameter of soil pore.

5= specific gravity of water =1.
^= 980 dynes.

In making these calculations we assumed that the soil grains have

the attraction of glass for water and that the triangular pores of the

* King, F. H., Physics of Agriculture, p. 164.
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soil are capable of lifting water to the same height as circular pores

of equivalent cross section.

Table IV.

—

Comparison of the Calculated and Observed Capillary Lifts of the

Soil Constituents.

Soil Constituent. Diameter of Grains. Calculated Limits of
Capillary Lift, HoO.

Observed Capillary
Lifts, H2O.

mm. cm. cm.
Medium sand •5 --25 21.2- 42.4 29.9
Fine sand .25 -.1 42.4- 105.9 , 54-4
Very fine sand .1 -.05 105.9- 211.

8

123.7
Silt .05 -.005 211.8-2118.0 304.5
Clay .005- 2118.O- 817.0

Conclusion.— (i) The finer the grains of a soil constituent, the

greater is the capillary lift of the constituent. (2) The observed

capillary lift falls between the calculated limits in every case except

that of clay. The case of clay is considered in III.

IIL The Pressure of the Atmosphere Limits the Capillary

Lift w^hich can be Obtained by this Method.

When we began these experiments we believed that we might be

able to observe a capillary lift of over 10 meters or 34 feet; that is,

a greater lift than the length of water column supported by a pressure

of one atmosphere. This we have been unable to do.

We have made many experiments with soils, the calculated lifts of

which are greater than 10 meters, but the greatest lift we have ob-

served is 30.1 feet. In the work described in Part II, the observed

capillary lift of the soil constituents fell between the calculated limits

in all cases except that of clay. The lowest calculated lift for clay is

2,118 cm. or about 70 feet, but the observed lift was only 817 cm. or

about 26.8 feet.

From these results we concluded that, with the apparatus arranged

as above the pressure of the atmosphere limits the capillary lift which

can be observed.

To test this conclusion we decided to measure the capillary lifts

produced, under pressures ecjual to, greater than and less than one

atmosphere, by a soil the calculated lift of which is greater than the

length of the water column supported by one atmosphere. We
reasoned that, if it is the pressure of the atmosphere which limits the

capillary lift observed, then with a pressure greater than one atmos-

phere we should obtain a greater lift, and with a pressure less than

one atmosphere we should obtain a less lift, than we obtain when the

pressure is one atmosphere.
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Experiments.

We carried out experiments of this nature with the soil constituent,

clay, mentioned in Part II. The lowest calculated capillary lift for

this soil is 2, 11 8 cm.

t-LA?^C£ CLASS

Fig. 10.—Apparatus used to measure the capillary lift produced by a soil under

a pressure greater than one atmosphere.

Apparatus.—To obtain the lift under a pressure of one atmosphere

the apparatus w^as set up as shown in Fig. 9. To obtain the capillary

lift produced by a soil under a pressure greater than one atmosphere

we used the apparatus shown in Fig. 10. The apparatus was set up

as in Fig. 9. It was then placed in a large glass tube closed at the

lower end by a solid rubber stopper and at the upper end by a stopper

with two holes. A continuous stream of air was forced into the glass

tube through one hole. It passed out through the other and into the

pressure gauge. The clip of the pressure gauge was so adjusted
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that, although air passed out continuously, a certain pressure greater

than one atmosphere was maintained in the apparatus. Thus water

evaporated from the surface of the soil and the capillary lift was pro-

duced, under a pressure greater than one atmosphere.

SOIL

TO FiLTtn
TUMP

—unae glasz tube.

e y i\ Y

Fig. II.—Apparatus used to measure the capillary lift produced by a soil under

a pressure less than atmosphere.

To measure the capillary lift produced by the clay under a pressure

less than one atmosphere we used the apparatus shown in Fig. 11.

This apparatus is similar to that shown in Fig. 10, except that air

was drawn through the large glass tube by means of a filter pump.

The clip was so adjusted that, although air passed in continuously, a

certain pressure, less than one atmosphere, was maintained in the

large glass tube. Thus water evaporated from the soil and the capil-

lary lift was produced, under a pressure less than one atmosphere.

The results obtained are shown in Table V.



LYNDE AND DUPRE : CAPILLARY LIFT OF SOILS.

Table V.

—

The Capillary Lift Produced by the Soil Constituent, Clay, under

Pressures Equal to, Greater than and Less than. One Atmosphere.

I'ressure Hg. I,ift Hg.

Cm. Cm.

^ ^ , (76 60.1
One atmosphere J

I
76 55.9

Greater than one atmosphere \
^^''^

) 104.2 78.4

Less than one atmosphere \
^^ '^ ^^'^

] 56.3 44-3

Conclusions.—The results indicate: (i) that the capillary lift ob-

served is limited by the pressure of the atmosphere; (2) that there-

fore the maximum lift observed by this method under a pressure of

one atmosphere cannot exceed 10 meters or 34 feet.

IV. Can Soils Lift Water to a Greater Height Than 10

Meters or 34 Feet?

By the method described above, the maximum observed capillary

lift has been increased from 10.17 feet to 30.1 feet. This is nearly the

height to which water is raised by the pressure of one atmosphere.

This brings up the question " Can soils lift water to heights greater

than 10 meters or 34 feet?" This question can be answered only by

further experiment.

There are two ways, at least, in which water might be raised by

soils to heights greater than 10 meters, namely, by surface tension in

conjunction with the stability of water under tension, and by osmosis.

Surface Tension and the Stability of Water Under Tension.—The

lowest calculated capillary lift of clay is 2,118 cm. or 70 feet and the

calculated lift is greater the finer the grains of the clay. If then

water can be raised by tensile stress, as seems probable from the work

of Dixon and Joly^ and that of Askenasy, it is possible that water

can be raised by soils to heights greater than 10 meters, or 34 feet,

by surface tension and tensile stress.

Osmosis.—In recent work carried out in this laboratory it has

been shown (1) that one clay subsoil, at least, acts as a semi-

permeable membrane; (2) that its efficiency as a semipermeable mem-
brane increases with its depth ; and (3) that water moves through this

subsoil towards a soil solution.

sProc. Roy. See, Vol. LVII, No. 340 (1894). Also Annals of Bot., Vol.

VIII; and Phil. Trans., Vol. 186, 1895 (B).

® Lynde and Bates, Osmosis in Soils. Journal of Physical Chemistry, Vol. 16,

No. 9. p. 766 (1912), and Proc. Am. Soc. of Agronomy, Vol. 4, p. 108, 1912.
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In more recent work, the results of which have just been sent to the

press, it has been shown that the finer the grains of soil in a soil

constituent the greater is the efficiency of the soil constituent as a semi-

permeable membrane.

If, under field conditions, subsoils act as semipermeable membranes

and if the concentration of the soil solutions in the upper layers of

soil is greater than that of the soil solutions in the lower layers of

soil, it is possible that soils may raise water to heights greater than

lo meters by osmotic pressure.

Summary.

I. The new method of measuring the capillary lift of soils has

enabled us to measure a capillary lift approximately three times as

great as the maximum lift measured by the old method. The time

required for the experiment was 20 hours instead of 18 months.

The advantages of this method are : (
i ) the moisture moves through

a wet soil; (2) the moisture passes through a very short column of

the wet soil and thus friction is reduced to a minimum; (3) the time

required to make an experiment is reduced from months to hours

;

(4) the final measurement is a fairly accurate measure of the capil-

lary lift of the soil.

II. (i) The finer the grains of a soil constituent the greater is the

capillary lift of the constituent.

(2) The observed capillary lifts of the soil constituents fall between

the calculated limits in every case except that of clay.

III. (
I
) The capillary lift observed is limited by the pressure of the

atmosphere.

(2) Therefore the maximum lift observed by this method under a

pressure of one atmosphere cannot exceed 10 meters or 34 feet.

IV. Can soils lift water to heights greater than 10 meters or

34 feet?
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BRIEFER ARTICLES.

EAR CHARACTERS NOT CORRELATED WITH YIELD IN CORN.

It is quite generally assumed that certain prominent ear characters

in seed corn are associated with high yield ; and upon this assumption

score cards for the selection of seed ears have been formulated and

used in practically all of the important corn-producing states. Among
the characters considered on the score card are: length, weight, cir-

cumference and density—each being given a certain number of points

out of a total of one hundred.

Interest in the score card and in corn judging reached its maximum
in 1910, when a single ear sold for $350 and a ten-ear sample for a

like sum. When tested by the ear-to-row method, these so-called

perfect ears did not yield so well as other ears which did not meet the

score card requirements. This fact has led us to question the value

of the score card for the purpose of selecting seed ears and has

formed the basis for plot work by the United States Department of

Agriculture, Nebraska Experiment Station, Ohio Experiment Station,

and the Ohio College of Agriculture. Published results seem to show

a slight difference in favor of heavy ears, long ears, and ears with

smooth indentation, but the experimenters do not attach any great sig-

nificance to the results because of the short duration of the experi-

ments (2 to 5 years) and because of the slight differences found.

During the past year Mr. Wheeler worked out the coefficient of

correlation between several characters and yield, using for his data

the complete records of the ear-to-row testing work of Mr. C. G.

\\'illiams at the Ohio Experiment Station, Wooster, Ohio, and of Mr.

J. \\\ Cook at Forest, Ohio. It may be well to call attention to the

fact that these tests were conducted without any idea that the results

would be used for this purpose. In each array all the ears available

were used without selection.

Wooster Data. Forest Data.

1905 25 ears 1906 25 ears

1906 100 ears 1907 33 ears

1907 60 ears 1908 25 ears

1908 120 ears 1909 28 ears

1909 89 ears

1910 90 ears

191 1 60 ears
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Arrays No. I and V.—Length of Ear and Yield.

Lengths are divided in 22 classes differing from each other by .25 of an

inch.

Yields are divided into 23 classes differing by 4 bushels.

Arrays No. II and F/.—Weight of Ear and Yield.

Weights are divided into 22 classes differing from each other by 0.5 of

an ounce.

Arrays III and VII.—Circumference of Ear and Yield.

The circumferences used w^ere determined by averaging the measure-

ments taken two inches from the butt and two inches from the tip.

This resulted in forming twenty classes differing from each other by

Ys, of an inch.

Array IV.—Density and Yield.

Density is expressed in ounces per cubic inch, grouped into 27 classes

differing by .01 of an ounce.

Volume was determined by assuming the ear to be cylindrical, with a

diameter calculated from the average circumference.

Summary.

Array No. Character. f No. of Variants.
1

1

Length 476 + .0580 ±0.296
V Length 105 + .1017 ±0.651
II Weight 530 — .0270 ±.0292
VI Weight

I

104 + .0866 ±.0656
III Circumference

! 530 -.0968 ±.0287
VII Circumference 105 +.1803 ±.0636
IV Density 1 526 + .0272 ±.0293

It will be observed from the above summary, that so far as these

tests are concerned neither length, weight, circumference, nor density

of ear is correlated with yield.—A. G. McCall and Clark Wheeler
—Contribution from the Department of Agronomy, Ohio State Uni-

versity, Columbus, Ohio.

THE VARIATION OF THE TRANSPIRATION-RATIO WITH
RELATIVE CROP YIELD.

In regions under a low rainfall, where crops are grown by irriga-

tion and dry-farming, it is of prime importance to know the condi-

tions under which the largest possible quantity of dry matter may be

produced by a given quantity of water. Under irrigation, especially,

is this question important, for the irrigation farmer has it in his

power to vary the fjuantity of water applied to a soil. In all arid
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regions the water that may be used for irrigation is suf¥icient to cover

only a small part of the available land ; and it is the big problem of

such regions to apply the limited water supply so as to obtain the

largest yield of agricultural products. The yield per acre is of less

importance than the total yield from the quantity of irrigation water

that may be available. In many cases it is found desirable to apply

a given quantity of water to three acres, rather than to one, even

though the acre yield is, thereby, materially reduced. The sum of

the smaller yields from three acres is greater than the larger acre

yield from one acre. The variable crop factor is often the determin-*

ing one in shaping such irrigation practices, for plants vary in their

power to use water in the production of dry matter.

For more than a decade the Utah Experiment Station has been

studying various phases of this subject and some of the results have

recently been published.^ Later, a correlation between the yield

of dry matter and the transpiration-ratio was observed which had

been overlooked when the material was first prepared for publica-

tion, ^loreover, it is a correlation which, within the author's

knowledge, is not definitely stated in the literature of the subject. In

any case, it has not before been observed under conditions of

irrigation.

In one division of the Utah work, carefully measured quantities of

water were applied to plats, each of which carried a standard crop.

To different plats of the same crop, different quantities of water were

applied, in the hope of determining what quantity would, all in all,

be the most satisfactory.

It was observed that whether much or little water was applied, the

different crops yielded dry matter in practically the same order.

Thus, with 10 or with 25 acre-inches, corn yielded more dry matter

per acre than did any other crop, and the other crops always followed

in the same order. The exact order is shown in the first column of

the following table. Corn, barley, alfalfa, oats and wheat were

represented by the whole plant above ground
;
carrots, sugar beets

and potatoes by the roots or tubers only, and the onions and caibbage

by the parts ordinarily placed on the market.

For each crop, and with each quantity of water the number of

pounds of water required for one pound of dry matter was also

determined. This number includes the water lost by transpiration

and by evaporation from the soil. In the literature of the subject

the difference between the two kinds of water-loss Is not always

made clear. In the publications above referred to, it is therefore

1 Utah Experiment Station, P>ulletins T15-120, 1912.
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proposed that the term evapo-transpiration ratio be used to designate

the number of units of water lost by transpiration and by evapora-

tion from the soil, for each unit of dry matter. In the second and

third columns of the table are shown the evapo-transpiration ratios

for each crop when irrigation water was applied to a depth of lO

inches and of 25 inches throughout the season.

Relation between Yield of Crops and Water-Cost.

Pounds of Water for One Pound of Dry Matter.

(Evapo-Transpiration Ratio.)

Order of Acre-Yield of Dry Matter 10 Inches Water 25 Inches Water
Beginning with the Highest. Applied. Applied.

275 474

569 760

571 786

4. Barley 604 998

5. Alfalfa 621 1,052

6. Oats 872 871

7. Wheat 869 1,317

8. Potatoes ...... 1,255 1,854

...... 2,170 2,557

10. Cabbage 2,214 4,248

Simple inspection of the table shows that the larger the total yield

of the crop, the smaller is the evapo-transpiration ratio. There is

practically no deviation from this rule. In the second column carrots

and sugar beets have almost identical evapo-transpiration ratios, as

have also oats and wheat. In the third column the variation is very

regular except for oats, the ratio for which is abnormally low, due

undoubtedly to some unknown disturbing factor. Undoubtedly,

crops that give the highest yields, use relatively less water than do

crops that yield lightly.

In regions where water is the critical factor, this law, that for a

series of crops the use of water varies inversely with the relative

crop yield, should it be established, might be of importance in de-

termining the crops to be grown. True, the pound value of all crops

is not the same
;
but, on the other hand, when two crops have about

the same pound value, the one that yields most per acre, under given

conditions, is the more desirable. Moreover, in the growth of the

Great West, the first necessity will be to feed, clothe and shelter

the increasing population. Questions of exporting our surplus and

importing whatever can not be produced, will come later. More and

more we will rate crops in their terms of sustaining human life.

Then, especially in irrigated (hstricts, the crops that yield most with

the available water su])ply, will be of greatest value.
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It may be observed, also, in the above table that the more water

was used, the higher became the evapo-transpiration ratio, or the

quantity of water required for one pound of dry matter. The ratios

in the third column under 25 inches are invariably higher than in the

second column under 10 inches, excepting the number for oats, which

as already remarked is abnormal. This factor in the water-cost of

dry matter is fully discussed in the publications above referred to.—

•

Tonx A. WiDTSOE, Utah Experiment Station, Logan, Utah.
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AGRONOMIC AFFAIRS.

CONTROVERSIAL ARTICLES.

Agronomy, like medicine, presents many problems involved in such

a complex mass of factors that there is often difference of opinion

as to the theories or conclusions justified by a given body of data.

In many such cases scientific men are led to assume the position of

advocates rather than of impartial investigators. Too often this has

led to acrimonious and prolonged discussions characterized more by

sarcasm and veiled invective than by any elucidation of the scientific

matter involved. This may be very interesting as displaying powers

of rhetorical flagellation, but it certainly is neither dignified nor

scientific.

On the other hand, there can be little question that critical dis-

cussions of important contributions to agronomic science are desirable,

because such will often disclose the need of additional investigations

and will stimulate a higher standard of work.

In the present issue of this Journal is published a series of dis-

cussions by Doctors T. L. Lyon and J. A. Bizzell, of the Cornell Uni-

versity Experiment Station, and Dr. J. G. Lipman, of the New^ Jersey

Experiment Station, relating to recently published articles on certain

interrelations of legumes and non-legumes. We especially invite

attention to these discussions as embodying the principles which we

believe should obtain in scientific controversy. It will be the policy

of this Journal to submit every critical or controversial article to the

author of the paper criticized for his reply—which may again be

referred to the critic if deemed desirable. This policy will, we believe,

prevent entirely the publication of any objectionable matter. At the

same time it should stimulate the writing of critical reviews by remov-

ing from this class of articles a large amount of the disfavor which

has come to surround scientific controversy.

SECTIONAL MEETINGS.

The time has come when the Society should seriously consider the

question of sectional meetings in its various aspects. The annual

meeting, if it is to be geographically rej^resentative, must be held in

connection with one or another of the general gatherings of scientific

workers which occur each year. Tliis will mean that the members
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present, though well distributed geographically, will be mostly men
holding positions of administrative responsibility rather than the

active workers in agronomy. The lay members of the agronomic

brotherhood present are usually representatives of the geographic sec-

tion tributary to the place of meeting. If the annual meeting is held

elsewhere the attendance will be composed almost wholly of men
from the tributary area and not representative of the country at large.

Either plan has its evident disadvantages.

There can be no doubt, however, of the value to the members, and

therefore to the Society itself, of being able to attend at least one

program meeting each year. The only way apparent in which such

benefit can be realized is through a series of sectional meetings. The

summer meetings of the Society held in connection with the Graduate

School of Agriculture at Cornell University in 1908 and Michigan

Agricultural College in 1912 were, in a sense, sectional meetings,

although the Graduate School itself is wholly national in character.

These summer meetings, however, were advertised to the entire

membership, as was also the special meeting held in January, 19 13,

in connection with the National Corn Exposition at Columbia, S. C.

The meeting recently held at North Platte, Nebr., was the first that

could be accurately described as a meeting of a section of the Society.

The call was sent only to members in the Great Plains area and

the topics and interest were limited almost wholly to that portion

of the country.

The meeting of the Society at North Platte was in connection with

the annual meeting of the Great Plains Cooperative Association.

The attendance of scientific men was about 50, about half of whom
were members of the Society, and nearly all of whom were in the

service of the U. S. Department of Agriculture, stationed in the

Great Plains area. The attendance of agronomic workers from the

State Experiment Stations was noticeably small. Yet meetings like

this afford a really valuable opportunity for the station workers to

get in contact with the men from the other states in the same area.

Administrative officers are cordially invited to consider the value

and relatively low cost of attendance at such sectional meetings and

to authorize and encourage the attendance of their agronomic staff.

REPORTS OF COMMITTEES.

Chairmen of the various committees of the Society should not

overlook the preparation of reports for presentation at the annual

meeting in November. Committee reports should be typewritten
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and, if the chairman is unable to be present at the meeting, should be

sent to some member of the committee who will be present or to the

Secretary of the Society for reading. The reports will be needed

for publication in the Journal immediately after the meeting.

ANNUAL MEETING OF THE SOCIETY.

Preliminary announcement of the annual meeting, which will be

held in Washington, D. C., on November lo and ii, was made in the

first number of the Journal. A full program of good papers is

desired. Titles should be sent to Professor Alvin Keyser, chairman

of the program committee. Fort Collins, Colo., stating length of time

required for presentation, and whether a stereopticon is needed. Pro-

fessor Keyser should also be notified if the author expects to be

present himself, or to have the paper presented by some one else and,

in the latter case, by whom it will be read. Titles should not be

sent unless it is reasonably certain that the paper can be prepared.

If, for any reason, its preparation becomes impossible Professor

Keyser should be notified as soon as that fact is apparent, in order

that it may be known definitely what papers will be actually present

for the program. It is especially desirable to avoid padding the pro-

gram with titles of papers not prepared or not to be present.

COMPLETE SETS OF PROCEEDINGS.

As the years pass members will find it more and more desirable to

have complete sets of the Proceedings of this Society and probably

increasingly difficult to obtain them. They are now on sale to mem-
bers at little more than cost and are, therefore, not likely to be cheaper

at any future date. During the past i8 months they have been sold

to the extent of $565 worth to members and libraries, nearl}- equal

amounts having been received from each source.

These four cloth-bound volumes, containing 83 papers on different

phases of agronomy, are for sale to members at the following greatly

reduced prices, viz., Vol. i, $1.25 ; Vol. 2, v$i.oo; Vol. 3, $1.50; Vol. 4,

$1.25—total only $5.00, the regular price for the set being $7.50. All

funds derived from the sale of the Proceedings will be applied to the

betterment of the Journal and so come directly back in benefit to

the Society and to the individual member. Appreciation is expressed

here for the assistance given by members who have already completed

their sets by purchase. It is hoped that many others will elect to

benefit themselves and the Society by ordering the volumes they lack.
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PROMPT PAYMENT OF DUES.

It greatly facilitates the work of any organization to have a definite

and regular income. The chief source of income for any scientific

society is the annual dues from each of its members. According to

our constitution dues are payable on or before April first of each year.

If dues remain unpaid, membership lapses automatically on April i

of the following year. The secretary is under instructions from the

Society to send no publications to members in arrears for dues. It

was with regret that it was found necessary to record in this issue

lapsed memberships for 191 2 in the case of a few members, some of

whom undoubtedly intend to continue their membership in the

Society.

By the terms of our constitution, annual dues for 1913 were due

on or before April i. Members still unpaid for this year are

earnestly requested by Treasurer George Roberts, of Lexington, Ky.,

to remit to him at their earliest convenience. The annual meeting is

rapidly approaching, before which time the Treasurer wishes to clear

all arrearages from his books. The officers give their time without

pay and the hearty cooperation of the members is needed to prevent

the work from becoming a real burden.

The few, if any, who wish to drop their membership are requested

to send their resignations to the Secretary. It is manifestly unfair

to the Society to remain on its rolls for a year with dues unpaid,

receiving the publications and other benefits of membership, and then

to resign or allow membership to lapse.

MEMBERSHIP CHANGES, APRIL-JUNE, 1913.

To the membership of 313 at the close of March are added 19 new
members received during this quarter, compared w^th 4 received in

the second quarter of 1912 and 20 during the first quarter of 1913.

This gives a total membership of 332. From this number must be

subtracted i member resigned and 8 members lapsed through non-

payment of dues for 19 12, leaving a net membership of 323 on

June 30.

Only 14 changed addresses are published in this issue, of which 12

represent an actual change of position, compared with 19 such changes

recorded in the first quarter of this year.

New Members.

Bergh, Otto I Northwest Exp. Sta., Crookston, Minn.

BovixG, Paul A Macdonald College, Prov. of Que., Canada.

Burgess, P. S Agricultural Experiment Station, Berkeley, Cal.
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DeTurk, Ernest Martinsville, Indiana.

Evans, A. R Experiment Station, Columbia, Mo.
Hackleman, J. C Experiment Station, Columbia, Mo.

Hendrick, H. B Extension Dept., Agr'l College, Lexington, Kentucky.

Karraker, p. E 203 College Avenue, Columbia, Mo.
Krusekopf, H. H Dept. Agronomy, Univ. of Missouri, Springfield, Mo.
Macfarlane^ Wallace. .Gogorza, via Park City, Utah.

Madson, B. a Dept. of Agronomy, Univ. of Cal., Berkeley, Cal.

Miller, P. E Morris, Minn.

Newman, L. H Canadian Building, Ottawa, Canada.

Van Alsttnf, Ernest.. 912 Nevada Street, Urbana, 111.

Wallace, R. C. E Purdue University, Lafayette, Ind.

Whitcomb, W, O Agricultural College, Bozeman, Montana.

Wood, Casper A Agricultural College, College Station, Tex,

Worrall, Lloyd State College of Agriculture, Athens, Ga.

Wyatt, F. a Naf, Idaho.

Members Resigned.

Hand, W. F.

Memberships Lapsed.

Binford, E. E. Etheridge, W. C.

BoNNS, W. W. Evans, C. M. Nichols, Mark L.

Day, Wm. H. McMillan, S. A. Scudder, H. D.

Changed Addresses.

Allen, Edward R., Experiment Station, Wooster, Ohio.

Atkinson, Alfred, Stanford, Mont.

Ball, Wilbur M., Care U. S. Consul General, Buenos Aires, Argentina, S. A.

GiLMORE, John W., College of Agriculture, Berkeley, Calif.

Hays, W. M., 1648 Irving St., N.W., Washington, D. C.

Hutchison, C. B., Experiment Station, Columbia, Mo.

Jones, J. W., Experiment Farm, Archer, Wyo.
Klein, Millard A., Dept. Soil Technology, Cornell Univ., Ithaca, N. Y.

Livingston, George, 219 Bryant Ave., Ithaca, N. Y.

Mackintosh, R. S., University Farm, St. Paul, Minn.

Raymond, L. C, Macdonald College, P. Q., Canada.

Thatcher, R. W., University Farm, St. Paul, Minn.

Yoder, p. a., Bureau Plant Industry, U. S. Dept. of Agr., Washington, D. C.

ZooK, L. L., Experiment Substation, North Platte, Nebr.

NOTES AND NEWS.

Professor Alfred Atkinson, agronomist of the Montana Experi-

ment Station, has resigned to become agricultural expert for a com-

pany owning a large tract of land in Montana. This tract will be

gradually broken and put in dry-farm crops under his supervision and

thus prepared for sale to settlers.

Dr. P. A. Yoder has been transferred from the Laboratory of

Physiological Chemistry in the Bureau of Chemistry to take charge
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of sugar-cane investigations for the office of sugar-plant investigations

in the U. S. Bureau of Plant Industry.

Professor Martin Nelson, agronomist of the Arkansas Experiment

Station, has been appointed director of the station.

Professor W..O. Whitcomb, assistant agronomist of the Montana

Agricultural College, is continuing graduate study in the department

of plant breeding of Cornell University during the summer vacation.

President John W. Gilmore, of the University of Hawaii, has re-

signed to become professor of agronomy in the college of agriculture

of California University, taking up his duties July i.

Professor W. M. Jardine has been made director of the Kansas

Experiment Station and Professor L. E. Call succeeds him as agron-

omist of the college and station.

Dr. S. L. Jodidi resigned from the department of agronomy of the

Iowa Experiment Station to accept a place in the physiological labora-

tory of the Bureau of Plant Industry, U. S. Department of Agricul-

ture. He is engaged on a study of the physiological changes in the

metabolism of the chestnut induced by the fungus of chestnut blight.

Professor C. P. Bull, of the department of agronomy of the Minne-

sota Experiment Station, has taken leave of absence to become man-

ager of the National Corn Exposition for the coming season.

By a recent action of the board of regents of the University of

^linnesota, the present division of agricultural chemistry and soils of

the department of agriculture of that University is to be separated

into the two divisions of chemistry and soils, respectively, on August

I, 1913. Professor R. W. Thatcher, formerly director and chemist

of the Washington station, who was on May i elected chief of the

present combined division, will be chief of the new division of chem-

istry, and Dr. F. J. Alway, at present professor of agricultural chem-

istry in the University of Nebraska, will be chief of the new division

of soils. This change in organization contemplates the strengthening

of the research work of the two new divisions, as well as the providing

of more efficient instruction in these two fields of the College of

Agriculture.

Assistant Professor J. E. Readhimer of the University of Illinois,

who for ten years has been Superintendent of Experiment Fields,

has resigned to take up the work of Agricultural Advisor for Kane

County, Illinois.

Mr. E. A. White, after a two years' leave of absence for advanced

study, will again be in charge of the instruction work in Farm
Mechanics at the University of Illinois.
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COMING EVENTS.

Under this caption it is proposed to keep a standing schedule of

coming meetings of various organizations more or less closely con-

nected with agronomy. Secretaries of such bodies are invited to

furnish information regarding their meetings.

American Society of Agronomy.

Annual meeting, Washington, D. C, November lo-ii, 1913.

American Association for the Advancement of Science.

Atlanta, Ga., December 28, 1913-January 3, 1914.

American Association of Agricultural Engineers.

Chicago, 111., December 29-31, 1913.

American Association of Farmers' Institute Workers.

Washington, D. C, November 10-12, 1913.

American Chemical Society.

Rochester, N. Y., September 9-14, 191 3.

American Farm Management Association.

Association of Agricultural Colleges and Experiment
Stations.

Washington, D. C, November 12-14, 1913-

Association of Feed Control Officials.

Washington, D. C, November 17-18, 1913.

Association of Official Agricultural Chemists.

Washington, D. C, November 17-19, 19 13.

Association of Official Seed Analysts.

Washington, D. C, November 14-15, 1913.

International Dry Farming Congress and Exposition.

Tulsa, Okla., October 22-November i, 1913.

National Corn Exposition.

Dallas, Texas, February 10-24, 1914.

Society for tiik J'romotion of Agricultural Science.

Washington, D. C, November 11, 1913.
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INTERPRETING FERTILIZER TESTS.

Chas. E. Thorxe,

Ohio Agricultural Experiment Station, Wooster, Ohio.

Under the headings " The Importance of the Place in the Rotation

at which Fertilizers are Applied," and Some Business Questions

Involved in the Interpretation of Fertilizer Tests," two papers are

published in Volume 4 of the Proceedings of the American Society of

Agronomy. In the prelude to the first paper the author says:

" Practically all bulletins on fertilizer tests seem to assume that the problem

is to determine what treatment is required for the particular soil. The diifer-

ences in crops are usually ignored. As a result, the same fertilizer is often

put on each crop in the rotation when the analysis of the results suggests that

it may be better to fertilize each crop differently. Farmers have long since

learned to vary not only the amount but the kind of fertilizer used with

each crop.

" The present practice with experiment stations is much like trying to find

the best food for the animals in a particular barn that may contain horses,

hogs, and hens, all of the feed to be given to the horses, the hogs and hens to

live on the residual effect. It will doubtless be found that the best feed for

the horses in this barn will contain grit, oyster shell and a considerable excess

of corn, because the results from the barn as a whole will be better when horses

are thus fed."

Following this prelude the author comments on an experiment re-

ported in Bulletin 182 of the Ohio Experiment Station in which corn,

oats and wheat, and clover and timothy mixed, had been grown in a

5-year rotation for 10 years, each crop being grown every season, dif-

129
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ferent combinations of fertilizing materials being applied to the grain

crops, while the clover and timothy were left untreated. He com-

piles tables which show that when nitrate of soda and muriate of

potash, one or both, have been added to acid phosphate the increase

has not been enough greater than that produced by the acid phosphate

alone to pay for the additional fertilizing materials, and from this

showing concludes that " nothing but phosphorus has ever paid on

corn, oats or wheat." In further comment the author says

:

" The conclusions that the farmer should draw from this work would be to

try phosphorus on all crops and add nitrogen and probably potash on wheat

and hay. This is very different from recommending a complete fertilizer on

corn, oats and wheat, with nothing on hay."

If the nitrogen and potash " of the fertilizer sack were the only

sources of nitrogen and potassium available to the farmer the above

criticism would have had more weight; but if the author had given

the total increase from the dififerent combinations of elem.ents, as

shown in Tables I and II, and then turned to the summary of all the

work, as given on page 193 of the bulletin referred to, he would have

found the following statement:

" It is, therefore, evident that in all these tests ... it has been the complete

fertilizer . . . which has produced the largest increase of cfop. ... It does not

follow, however, . . . that the purchase of fertilizer nitrogen is recommended.

On the contrary, these experiments have shown that the increased gain result-

ing from the addition of nitrogen to the fertilizer is frequently insufficient to

justify jthe purchase of nitrogenous fertilizers, at the present market rates,

hence a cheaper source of nitrogen must be found than nitrate of soda, or the

still more expensive 'ammonia' of the fertilizer sack, before we can profitably

reach the maximum production of our crops. Fortunately, such a source lies

within the reach of every farmer in the form of barnyard manure."

Table I.

—

Average Annual Value of Increase of Crop and Total for Each

Rotation, for Ten Years {Ohio Experiment Station Bulletin 182).

Treatment. Corn. Oats. Wheat. Hay. Total.

P $2.96 52.31 $ 5.19 Si. 82 S12.28
NP 5-92 4.81 9.16 6.13 26.02

PK 4.92 3-34 6.52 3-77 18.55

NPK. . . 6.82 6.29 11.94 7.86 32.91

In discussing the residual effect of the fertilizers on the hay crops

in this experiment the author says

:

"If the residual effect on hay were due to a mineral fertih'zer, it might be

claimed that it was best to apply this several years in advance, but no one will

claim that it is best to put nitrate of soda on corn and oats because the grass

that comes a few years later will pay for it. Why not put it on the grass

directly?"
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Table II.

—

Gros^ Returns from Acid Phosphate and from Mixed Fertiliser

Over Acid Phosphate Alone.

Treatment. Corn. Oats. Wheat. Hay. Total.

Acid phosphate $2.96 $2.31 51.82 512.28
Acid phosphate )

2.96
Nitrate of soda /

2.50 3-47 4-31 13-74

Acid phosphate \
Muriate of potash j

1.96 I-I3 1-33 1-45 6.27

Acid phosphate
]

Muriate of potash > 3.86 3.98 6.75 6.04 20.63
Nitrate of soda J

If the bulletin criticized had been carefully read it would have been

seen that the nitrate of soda applied to the wheat crop was sown in

April, or a few weeks after the seeding of the clover and timothy,

thus following the practice with other spring-planted crops. How-
ever, it cannot be assumed that all the increase in the hay crops found

on the land receiving nitrate of soda was directly due to that salt.

On the contrary, the larger root growth in the cereal crops caused by

nitrate of soda served as a storehouse of accumulated nitrogen upon

which the later growing crops were able to feed. IMoreover, the in-

crease in the cereal crops produced by the nitrate, even though it does

not entirely pay the cost of the fertilizer, is an important addition to

the value of the increase for the total rotation. There is therefore

no ground for the assumption that to have applied the fertilizers to

the hay crops instead of to the grain crops would have produced a

better or even the same total effect as that shown in these tests.

The object of the Ohio experiments, however, was not to learn

whether we shall use nitrate of soda or muriate of potash or acid

phosphate on our crops, but whether and to what extent the different

crops, when grown in such rotations as those employed in common

farm practice, will respond to the dift"erent fertilizing elements,

nitrogen, phosphorus and potassium. The experiments show that

corn and oats, when grown on the Wooster soil, fail to reach the

full possibilities of the crop until nitrogen is supplied, but they also

show that nitrate of soda is too expensive a source of nitrogen for

these crops. Other parts of these experiments, reported in Bulletin

183, show that corn utilizes the fertilizing elements in barnyard

manure more completely than do the small grains, while wheat

responds more promptly to chemical fertilizers. Acting on these

hints, the station has adopted and recommends the practice of em-

ploying clover and manure as the sources of nitrogen for corn,

and of using nitrate of soda only as a supplemental source of nitrogen
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for wheat. This certainly " is very different from recommending a

complete (chemical) fertilizer on corn, oats and wheat with nothing

on hay."

As to the general plan of these experiments, it must be confessed

that those responsible for this plan were not aware that farmers had

already attained to such a definite knowledge of the fundamental

principles of fertility maintenance that such experiments as these

were superfluous. On this point, however, one common and success-

ful farm practice was followed, namely that of feeding steers, hogs

and hens together, in the expectation that the food thus fed will be

more completely and economically utilized because of the different

feeding habits and digestive capacities of the different animals, and

that the hens will find sufficient grit from other sources than the steers.

In other words, the common experience of practical Ohio farmers in

the use of fertilizers had shown that the hay crops following the wheat

were greatly benefited by the fertilizers applied to the wheat and it

was desired to obtain some measure of this benefit more nearly

approaching accuracy than the mere estimates of farmers, useful

though they are.

Under the second heading, the author comments as follows on a

statement in the bulletin referred to concerning the value of the in-

crease of crop resulting from the use of a complete fertilizer over that

produced by acid phosphate alone

:

" The increased cost is $9. The increased value of the crop is sufficient to

cover this and leave $3.31. This $3.31 has to pay interest, crop insurance and

pay for hauling and applying the fertilizer and for harvesting and marketing

the increased crop of 25 bushels of potatoes, 7 bushels of wheat and 337 pounds

of clover hay. It is a question as to whether this will pay. Certainly it will

not pay if the farmer has a good way to invest money, as for instance, in

more acid phosphate."

He then applies this system of cost accounting to a crop of timothy

hay grown on a New York farm, in which a little over 60 acres were

fertilized and the increase of crop due to fertilizer was about 60 tons,

tabulating the data as below, with a slight change of arrangement:

This would seem to be an exhaustive statement of the cost of a crop

of timothy hay, but same important points have been overlooked, as

will be shown further on.

This " cost of handling " amounts to v$4.49 per ton of hay, and yet

the statement is made on the following page that " Farmers in New
York often grow hay by ordinary methods at a cost of $6 per ton."

This would leave $1.51 ])er ton to pay for rental of the land and cutting
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the grass—items which are not inchided in the foregoing schedule of

" cost of handling."

Real Cost of the Increased Crop Due to Fertilizing Sixty-three Acres of

Timothy. Cost of Fertilizing.

8,000 pounds nitrate of soda $185.00

2,000 pounds muriate of potash 3977

10.350 pounds acid phosphate 47-37

Freight on fertilizer 26.66

39K' man hours hauling fertilizer at 21.64 8.53

58 horse hours hauling fertilizer at 13.24 7.66

29 man hours mixing fertilizer 6.26

84H man hours sowing fertilizer 18.25

ioi5-< horse hours sowing fertilizer 13.40

Interest on above, 7 months at 6 percent 12.35

$365.25

Cost of Handling the Increase.

200 man hours hauling in 60 tons of hay $ 43.20

160 horse hours hauling in 60 tons of hay 21.12

108 man hours pitching hay to baler, etc 23.33

Meals for hay pressers 14.40

Meals for hay pressers' horses 7.30

118 man hours hauling 60 tons to railroad 25.49

208 horse hours hauling 60 tons to railroad 27.46

Use of barn (proportionate share) 95-00

Fire insurance (proportionate share) 3.00

Interest on above costs, 7 months at 6 percent 9.11

$269.41

The unfertilized yield of the land on which the New York crop

under con.sideration was grown is not reported, but the lo-year

average yield of hay for New York for the decade 1900-1909, as

estimated by the U. S. Department of Agriculture, was a little less than

a ton and a quarter per acre. A ton and a quarter of hay at $1.51 per

ton would amount to $1.89. If a man with team can cut ten acres a

day, and if we allow 21.6 cents per man hour, 13.2 cents per horse

hour and 10 cents per machine hour for this work, the cost would be 58

cents per hour, or per acre, leaving v$i.3i for rental of land, or 6 per-

cent on a valuation of about $22 per acre.

But when the value of land rises to $100 per acre, and upward, as

does that surrounding several of the farms of the Ohio Experiment

Station, the rental of the land becomes a more important factor in

the cost of production. On such land the cost of the New York hay

crop would figure out somewhat as below :
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Value of Land per Acre.

$22 $100 $150

Rental of 60 acres $ 78.60 $360.00 S540-00
Cutting 60 acres 34-80 34.80 34-80
Hauling in, pressing, etc., 75 tons hay 336.75 336.75 336.75

Cost of 75 tons hay I450.15 S731.55 $911.55
Cost per ton $6.00 S9-75 $12.15

If to the above we add the cost of fertihzing and caring for the

extra crop produced, as above computed, we shall have the following

statement

:

Value of Land per Acre.

$22 $100 $150

Rental of 60 acres

Cutting 60 acres

Fertilizing 60 acres

Hauling in, pressing, etc., 135 tons hay ....

$ 78.60

34-80

365-25
606.16

$360.00

34-80

365-25
606.16

$540.00

34-80

365-25
606.16

Cost of 135 tons hay
Cost per ton

$1,084.81

$8.03

$1,366.21

$10.12

$1,546.21

$11.45

These figures would seem to justify the inference that even on

land worth $100 per acre it might be better economy to rent more

land to grow hay on than to fertilize ; but three very important factors

in the problem have been thus far overlooked : The first is that no

land will continue to grow hay or any other crop indefinitely, unless

restoration is made of certain elements of fertility; the second is that

the crop immediately fertilized never consumes all the fertilizer given,

but a residue is always left over to succeeding crops; and the third

is that there are less expensive ways of maintaining the nitrogen

supply than the purchase of nitrate of soda.

The thousands of farms in the older states which have been im-

poverished by the reckless system of husbandry which takes every-

thing off and returns nothing to the soil are a sufificient illustration of

the utter improvidence of this system. This point is not answered by

the suggestion in the paper under discussion to " invest in more acid

phosphate." Phosphorus is but one of several elements which must

be supplied in some form or other—not necessarily in chemicals—if

the productiveness of the land is to be maintained.

As to the second point, the work of the Ohio Experiment Station

furnishes data, drawn from its fertility tests. In these experiments,

located in various sections of the state and on soils widely different

in character, crops are grown continuously or in rotations of three to

five years. In llic rotations two or three crops of grain, or one of
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potatoes or tobacco and one of grain, are grown in succession and

followed by one year in clover, or two years in clover and timothy

mixed. The fertilizers are all applied to the grain, potato and tobacco

crops, the hay crops being left without fertilizing. Corn, potatoes and

tobacco follow the grass crop, thus beginning the rotation.

In the table following is given the increase of the first crop grown
in each experiment on previously unfertilized land, as compared with

that of the same crop grown the second time on the same land

:

Crop. Station and Experiment.

Increase pe
Ferti

First

Treatment.

r Acre from
izers.

Second
Treatment.

Corn

Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn

W^ooster, Continuous culture. Bus
Wooster, 5-year rotation, Sec. C. Bus
Wooster, 5-year rotation, Sec. D. Bus
Wooster, 5-year rotation, Sec. E. Bus
Wooster, 5-year rotation. Sec. B. Bus
Wooster, 5-year rotation, Sec. A. Bus

Wooster, Manure test. Sec. C. Bus
Wooster, Manure test, Sec. B. Bus
Wooster, Lime and floats test. Sec. A. Bus.

Wooster, Lime and floats test, Sec. B. Bus.

Strongsville, 5-year rotation. Sec. D. Bus.

.

Strongsville, 5-year rotation, Sec. E. Bus.

.

Strongsville, 5-year rotation. Sec. A. Bus..

Strongsville, 5-year rotation. Sec. B. Bus.

.

Strongsville, 5-year rotation. Sec. C. Bus.

.

Germantown, 3-year rotation. Sec. A. Bus.

Germantovvn, 3-year rotation, Sec. B. Bus.

Germantown, 3-year rotation, Sec. C. Bus.

Carpenter, 3-year rotation. Sec. A . Bus. . .

Carpenter, 3-year rotation, Sec. B. Bus. . .

Carpenter, 3-year rotation. Sec. C. Bus. . .

Miami Co., 4-year rotation. Sec. C. Bus. . .

Miami Co., 4-year rotation. Sec. L. Bus. . .

Miami Co., 4-year rotation. Sec. M. Bus..

4.51

0.80

0.77

5.41

7.69

8.84

8.80

4.51

7.40

0.97

7.66

5.75

3.89

5.91

5-75
8.85

17.64
8.88

6.71

4.80

10.88

8.96

12.89

8.29

8.05

II. II

12.81

14.65

9.96

18.14

10.33

8.17
6.49I

7.12

17.30
8.21

7.05

6.34

7-99
II <i

18.51

II.3I

18.02

9.72

6.46

14.24

16.34

26.64
18.68—

6.40 12.21

Oats
Wheat
Wheat
Potatoes ....

Potatoes. . . .

Potatoes. . . .

Wooster, Continuous culture. Bus
Wooster, Continuous culture. Bus
Wooster, 5-year rotation. Sec. A. Bus
Wooster, 3-year rotation, Sec. A. Bus
Wooster, 3-year rotation. Sec. B. Bus
Wooster, 3-year rotation. Sec. C. Bus

8.92

3.31
— 0.70^

29.21

28.09

20.38

8.872

9.16

10.53

31.43

14.75

7-55

Potatoes. . . . Wooster, 3-year rotation. Average 25.89 17.91'

Tobacco
Tobacco
Tobacco

Germantown, 3-year rotation. Sec. A. Lbs.

Germantown, 3-year rotation. Sec. B. Lbs.

Germantown, 3-year rotation. Sec. C. Lbs.

377
579
449

628

758
592

Tobacco Germantown, 3-year rotation. Average 468 659

1 15-year average, 9.58 bus. 2 19-year average, 20.33 bus.

2 19-year average, 28.76 bus. * Decrease.
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The table shows that in 31 of the 34 comparisons the increase from

the second apphcation of fertilizers is greater than that from the

first. In the 4 exceptional cases it is found that the average increase

for the entire period of the experiment is greater than for the first

application, thus showing that these exceptions are due to accidental

variations. In computing the increase from fertilizers the average

increase from all the fertilized plots is taken.

The 5-year rotations at Wooster and Strongsville furnish still an-

other means of calculating the residual efifect of fertilizers. Plot 15

in these rotations is fertilized only on wheat, and the average increase

this plot for the 19 years f the test has been as below

:

Average Increase per Acre
for Each Rotation.

Wooster, Strongsvil'e,

Plot IS, 5-year Rotation. Lbs. Lbs.

822 516

1,452 837

2,274 1,350

580

417 100

533 271

Corn, Stover 261 56

118 12

159 -9^

Total residual weight . . 1,010

Percent of total weight 50 43

According to the estimates of the Bureau of Statistics of the United

States Department of Agriculture, the average farm value in Ohio

of corn for the 10 years, 1900-1909, was 48 cents per bushel; that of

oats was 36 cents, that of wheat was 86 cents and that of hay was

$10.06 per ton. On these valuations, omitting the straw and stover,

48 percent of the total value of the crops grown on Plot 15 would

be found in the residual crops at Wooster and 42 percent at Strongs-

ville.

These experiments show that at least one third of the cost of a

fertilizer application should be charged to succeeding crops. If, there-

fore, the land on which the New York hay crop was grown was not

in debt for previous fertilizing, the account with this crop should

stand as below as compared with the unfertilized crop:

1 Decrease.
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Value of Land per Acre.

$22 #100 #150

Rental of 60 acres $ 78.60 $360.00 ' $540.00
Cutting 60 acres 34-80 34-80 34-80

243-50 243-50 243.50

606.16 606.16 606.16

Total cost, 135 tons

Cost per ton, fertilized

Cost per ton, unfertilized

1963-06

$7-13
6.00

$1,244.46

$9.22

9-75

$1,424.46

$10.55

12.15

If, therefore, the farmer is only a renter, with no higher ambition

than to remain a renter, and if, further, his intelligence is of such an

order that he cannot devise a more economical method of maintaining

the larger part of the nitrogen supply of the soil than by the purchase

of nitrate of soda, then he should rent low-priced land that will yield

a ton and a quarter of hay per acre, and when the yield falls below

this point, should abandon this land and rent elsewhere—so long as

he can find a landlord sufficiently blind to his own interests to rent his

land on such terms.

FURTHER NOTES ON INTERPRETING FERTILIZER TESTS.

G. F. Warren,

Cornell University, Ithaca, N. Y.

The writer has no desire to enter into any discussion of most of

the points raised in the preceding article and certainly does not wish

to be understood as criticizing any particular individual or experiment

station. The practices objected to are common to nearly all of the

experiment stations. Economic principles are too frequently ignored

in interpreting results of experiments. The writer hopes that each

person who reads the preceding article will read the original articles

at the same time.

The Place in the Rotation for the Application of Fertilizer.

Two points were raised in the original articles, first, " that in all

fertilizer tests we should give attention to the crop to be fertilized as

well as to the soil. The place in the rotation at which fertilizers

should be used must be studied before fertilizer tests w^ill be of the

most value to the farmers."

The person who laid out the plots at the Ohio Experiment Station

apparently had some such idea in mind, for he fertilized three of the
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crops in the rotation. He gave wheat the most generous treatment

and did not fertiUze the hay except as the new seeding in wheat was
fertiHzed. The results of many fertiHzer tests at Cornell University

secured by Dr. Caldwell, Professor Roberts, Dr. Hunt and Dr. Lyon
(references are given in the original article) indicate that a fertilizer

that may not pay on cereals may give a very good profit when applied

to timothy. Results of fertilizer tests at Rothamsted, in New York,

in Pennsylvania and in Rhode Island as published by these stations

indicate that grasses respond very strikingly to nitrogen. From the

study of the results of the Ohio work, as given in the original article,

the writer is of the opinion that if the nitrate of soda that was applied

on corn and oats had been applied on hay, it would have made a much
better showing, and might not then have been found to be too expen-

sive a source of nitrogen.

Dr. Thorne states that There is therefore no ground for the

assumption that to have applied the fertilizers to the hay crops instead

of the grain crops would have produced a better or even the same

total efifect as that shown in these tests."

The writer believes that the results indicate that the nitrogen

applied on corn and oats would have paid much better if applied on the

hay. When the results are compared with the results in New York,

Pennsylvania and other eastern states, and with a knowledge of the

habits of the different plants, he believes his conclusions to be war-

ranted. The way to determine the matter is to try it on the Wooster

soil.

A still different result might be secured if the tests were conducted

where hay is relatively cheap. At average farm prices for the ten

years, 1902-11, as given in the Yearbook of the United States De-

partment of Agriculture, a ton of hay would buy 24 bushels of corn

in Massachusetts, 21 bushels in Ohio, but would buy only 18 bushels

in Iowa.

Not every farmer in Ohio can feed his hay. It is necessary that

some one supply the hay for our large cities. Some of the farmers of

Ohio, Pennsylvania and New York find that hay is a very profitable

cash crop. Farm manure does not always furnish the cheapest source

of nitrogen. From the center of Ohio to the Atlantic coast com-

paratively few farms have enough of farm manure to supply all the

nitrogen that it pays to use.

Thd writer has talked with a considerable number of good farmers

in certain parts of Ohio who are of the opinion that they make a

good profit by using fertilizer on wheat, but that it does not pay to use

it on corn. A common rotation in the section referred to is corn,

wheat, clover. If on these particular soils an experiment station
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should lay out a series of plots with fertilizer on corn, it might come
to the conclusion that fertilizer would not pay on this soil, and it is

very likely that the results would be misleading.

Studies on a very large number of New York farms indicate that

the farmers vary both the amount and kind of fertilizer with the dif-

ferent crops in the rotation. The fact that the experiments of thou-

sands of farmers is in agreement on some of the points appears to the

writer to indicate that entirely different financial results would be

secured if the same fertilizers were used but applied at dift'erent points

in the rotation.

For instance, in the most extensive crop-growing part of New York
(a strip of land about 40 miles wide south of Lake Ontario and ex-

tending from Syracuse to Buffalo) the majority of farmers use farm

manure on corn. \^ery few use chemical fertilizers on this crop.

Practically every one fertilizes wheat and uses a fertilizer that con-

tains a high percentage of phosphorus, usually equivalent to 10 percent

of PoOj. The fertilizer often contains no nitrogen and rarely con-

tains over 2 percent. The potassium usually varies from 5 to 8 per-

cent of KoO. Experience indicates that little nitrogen should be

used on wheat, that the exact amount of potassium is not a dominat-

ing point, but all agree as to the importance of phosphorus. Oats

are often grown without any fertilizer. When fertilized they are

usually treated the same as wheat, but usually receive a smaller appli-

cation. Cabbages and potatoes are nearly always fertilized with a

fertilizer that contains at least 3 percent of nitrogen, a so-called " high-

grade " fertilizer that' contains so much nitrogen that it costs about a

half more per ton than that used on cereals and about twice as many

pounds are used per acre. Clover and timothy are usually not fertil-

ized. When timothy is fertilized, it is with a mixture entirely differ-

ent from that used on the other crops. Nitrate of soda alone or a

fertilizer that contains a very high percentage of nitrogen is used.

On these same farms very little chemical fertilizer is used on apples.

The farmers who grow corn, oats, wheat, timothy, cabbage and

potatoes in a rotation on the same fields usually agree that their results

are vitally dependent on the place in the rotation at which a particular

fertilizer is applied.

Because a certain fertilizer does not pay when applied at a certain

point, does not seem to the writer to be sufficient evidence that it might

not pay very well if applied at a different place in the rotation.

Business Interpretation of Fertilizer Results.

A common error of experiment stations is to call the difference be-

tween the cost of the fertilizer and the value of the increased crop
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profit and to base recommendations to farmers on this figure as if it

represented real profit.

There are many other costs connected with buying, hauHng and

applying fertilizer and with harvesting, storing and marketing an in-

creased crop, besides the original cost of the fertilizer. The calcula-

tion on page 64 of the original article illustrates the point.

Dairy reports follow the same error and nearly always refer to the

difiference between the value of the feed and the value of the milk

as profits. This exactly comparable error of subtracting one of many
costs and calling the result " profit " leads to many unwise recom-

mendations. Connecticut Experiment Station Bulletin No. 73 and

Minnesota Experiment Station Bulletin No. 124 indicate how large the

error is.

The results for the hay crop were not given to show anything about

the profit or loss on fertilizing hay. It happens that a very good profit

is shown on this particular farm. The purpose of the set of accounts

is to show that the difference between the cost of a fertilizer and the

value of the increased crop is not all profit.

The particular timothy field mentioned had been fertilized for three

years so that the results include the residual efifect of two previous

years of fertilizing. The writer heartily agrees that too little atten-

tion is given to the increased value of land due to the residual effect

of fertilizers, but this does not disprove the writer's contention that

it is a mistake to call the value of the increase above cost of fertilizer

" profit " or gain," when the other costs involved are always consid-

erable and are sometimes greater than the cash cost of the fertilizer.

The writer hopes that any imperfections in his presentation of the

subject or the extended discussion of many subjects covered in the

review will not obscure the original points

:

1. That more attention should be given to the place in the rotation

at which fertilizers are applied.

2. That the difiference between the cost of a fertilizer and the

value of the increased crop is not all profit. The extra cost of har-

vesting, storing and marketing increased crops must also be con-

sidered, particularly in cases where a very expensive treatment gives

only slightly greater returns above fertilizer cost than is given by a

cheaper treatment.

3. lie is very glad to add a tliird point that too little attention is

given to the increased value of the land because of the residual efi^ect

of fertilizers. He does not see that any one of these theses is in any

way antagonistic to the others.
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EFFECTS OF DIFFERENT METHODS OF APPLYING
FERTILIZERS TO CORN AND TO COTTON.

C. B. Williams,

North Carolina Experiment Station, West Raleigh, N. C.

The best method to follow in applying comniercial fertilizers to

crops will largely depend npon the character of the soil, the materials

to be nsed, and the crops that are to be grown. A method that would

give the best results with any particular crop on a clay soil, for instance,

may be to a considerable degree an irrational one to be followed by

the farmer whose soil is of an open, sandy nature. The one best

suited for wheat may not yield the greatest returns with corn, cotton or

tobacco, and general directions for applying cottonseed meal, dried

blood and similar organic nitrogenous materials cannot always be fol-

folowed in the use of substances like nitrate of soda or sulphate of

ammonia to best advantage. It should be remembered that generally

the best method to follow with any soil is the one that will result in

the plants securing the maximum amount and thereby reduce to a

minimum the loss of plant-food from the soil. Generally there is

not, with the average soil of the state, much danger of loss of phos-

phoric acid and potash but there is always considerable liability of the

available nitrogen being leached out of the soil if growing plants are

not present at the time the application is made, especially so if the

quantity is large, to take it up as soon as it is brought into solution in

the soil water. For this reason every effort should be exerted to con-

serve this expensive plant food constituent by keeping plants growing

on the land most of the time, for nitrogen naturally in the soil that is

in available form is just as subject to loss. When phosphoric acid and

potash are added to the soil they become fairly well fixed in the soil

by the clay and humus but with the nitrogen there is no such fixation.

When nitrate of soda or sulphate of ammonia, the most available

forms of nitrogen, are added to the soil there is always considerable

danger of loss, especially so if large quantities are used and the soil

is of an open, sandy nature.

Because of the importance of knowing the best method to use in

applying different fertilizing materials, particularly the organic and
mineral forms of nitrogen, we began field experiments in different

parts of the state on different types of soil several years ago to work
out these different points. Up to this time chiefly cotton and corn
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have been used in those studies which have been carried on for nine

years on the clay soils of the Experiment Station Farm, on the sandy

clay soils of the Iredell Test Farm and on the fine sandy loam soils of

the Edgecombe Test Farm.

The fertilizing materials used in the experiments have been acid

phosphate, kainit or manure salt, dried blood or cottonseed meal and

nitrate of soda. The normal application for cotton had consisted of

400 pounds of a mixture analyzing 7 percent available phosphoric

acid, 2.5 percent nitrogen, and 2.5 percent of potash ; and for corn

300 pounds per acre of a mixture containing 7 percent available phos-

phoric acid, 3 percent nitrogen, and 1.5 percent potash.

Broadcast versus Drill Application.

With both corn and cotton, and with the amounts of fertilizers used,

it has been found on an average in all the experiments that the fer-

tilizer applied in the drill about an inch below the seed at planting has

given better results than when applied broadcast at planting. From
our observations and experience in other experiments, we would ex-

pect that were the applications increased three to four times that in

most cases, especially on the closer natured soils, the broadcast appli-

cations would give better results than where such heavy applications

were made in the drill at planting. At the Experiment Station farm

in putting the fertilizer in the drill at planting in the ordinary way,

corn produced on an average 1.4 bushels of grain and 242 pounds of

stover, and cotton 147 pounds seed cotton more per acre than where

the fertilizer was applied broadcast at planting and harrowed into the

soil. At the Edgecome and Iredell farms the average increases were

respectively for corn 1.7 and 3.2 bushels of grain, and 155 and 42

pounds of stover; and for cotton 10 and 313 pounds of seed cotton

per acre.

Deep Application versus Ordinary Application of Fertilizer.

At the Experiment Station farm, the only place at which this com-

parison has been carried out, it was found, on an average, when apply-

ing the fertilizer about three times as deep beneath the seed as is ordi-

narily done, that, with the quantities of fertilizers used with cotton,

the deep api)lications gave better results than where the fertilizer was

put in broadcast, but did not give as good results as when applied at

the ordinary de])th in the rows, at planting. At this farm the results

with corn averaged the same from deep application and from the

f)rflinary depth of applying the fertilizer.
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Effpxt of Dividing the Whole Application.

The results with corn at all three farms indicate that there is no

advantage in dividing the applications, putting on half at planting but

reserving and applying the other half as a side-dressing about July

I. In fact, the results seem to indicate, on an average, a slightly re-

duced yield by dividing the application, especially at the Edgecombe

and Iredell farms. With cotton grown on the clay loam soils of the

Experiment Station and Iredell farms, especially at the latter farm,

there was a considerable reduction in yield of seed cotton per acre

resulting from dividing the fertilizer application into two, making one

in the row at planting and putting on the other about the first of July.

On the fine sandy loam soil of the Edgecombe farm, cotton produced

slightly more seed cotton, on an average, where the application was

divided and made half at planting and half about July i, than where

the whole went in the row at planting.

Dividing the Nitrogen Application.

At the Experiment Station and Iredell farms best results with

cotton were secured by using dried blood or cottonseed meal and apply-

ing it all in the row at planting with the carriers of phosphoric acid

and potash. At the Edgecombe farm the highest yield of seed cotton,

on an average, was secured where half of the nitrogen as dried blood

was supplied in the row at planting, wnth the phosphoric acid and

potash, and the remaining half of the nitrogen application reserved

and made as a side dressing in the form of nitrate of soda about

July I.

With corn, at the Edgecombe farm, dividing the blood application

and applying half with other materials in the row at planting of the

corn and adding the other half as a side dressing, about July i pro-

duced better results than applying all the blood at planting; or half

of the nitrogen as blood at planting and the other half as nitrate of

soda as a side application; or all nitrogen in the form of nitrate, half

at planting, with phosphoric acid and potash, and the other half as a

side application about the first of July. At the Experiment Station

farm best results with corn were secured where half of the nitrogen

as blood was applied with the potassic and phosphatic materials at

planting and other half of the nitrogen as nitrate of soda was used

about July i ; and also where all the nitrogen was supplied by nitrate

of soda, half being applied at planting with other materials and half

later as a side dressing along the sitle of the rows. At the Iredell

farm, dividing the blood application, or substituting nitrate for the
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blood in part or in whole and dividing the application of the nitrate did

not produce as large a yield as was secured where all the nitrogen as

blood was applied with the phosphoric acid and potash at planting, or

where the application (blood being the carrier of nitrogen) was
divided, half being applied in the row at planting and other half being

put on as a side dressing about the first of July.

Soil has an Effect.

Upon clay soils or any other soils which are fairly close textured

and have good retentive clay subsoils, it will usually be found advis-

able with general farm crops to make the entire fertilizer application at

or just before planting On soils that are of an open and sandy nature,

it will generally be found best to divide the nitrogen application, mak-

ing the first one from an organic source like cottonseed meal or dried

blood and the second one from a mineral source like nitrate of soda

or sulphate of ammonia, when the plants are one third to one half

grown. With cotton and with corn planted on very coarse sandy soil

(like Norfolk sand, an extensive type found in the eastern and south-

eastern sections of the state) it has generally been found most profit-

able to put but little, if any, fertilizer in at planting, but to put most of

the material on after the plants are well started. This is due to the

fact that such soils are so open and subject to leaching that much of

the fertilizing constituents, especially the nitrogen, may be lost if it is

not applied to the growing plants. In fertilizing wheat and other

small grains it has generally been found that where the grain has

been sown in the fall it is generally wise to add all the phosphoric

acid and potash with one third to one half of the nitrogen in organic

combination, such as cottonseed meal, dried blood, fish scrap or tank-

age, at planting, reserving the remainder of the application of nitrogen

to be added in the form of nitrate of soda or sulphate of ammonia as

a side-dressing in the spring just as the stems begin to shoot up for the

formation of heads.

With ordinary field crops, it will generally be found best to have

most of the nitrogen derived from organic sources when it is to be

applied at planting, and to use the more soluble forms like nitrate of

soda or sulphate of ammonia as side dressings. For quick growing

and high selling market-garden crops, nitrate of soda can be used

more liberally at planting and throughout the growing season with

more ])rofitable results than it could on cheaper and slower growing

crojjs like corn, wheat and cotton.
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OBSERVATIONS IN CUBA.

E. O. FipPiN,

Department of Soil Technology, Cornell University, Ithaca, N. Y.

We landed in the mountain-locked harbor of Santiago, Cuba, in the

early morning of the eighteenth of April. The sun was just rising

above the edge of the high hills beyond the city and its bright rays

falling on the clean, green foliage of the wrinkled hill and mountain

slopes formed a panorama, the beauty of which we, do not expect to

see often exceeded. At one side of the tortuous entrance to the bay

stand the grim pink walls of Morro Castle. Its winding stairways

reach down to the water's edge. East and west, the shore rises almost

precipitously and on the west a commanding group of mountain peaks

is massed close to the shore.

The fresh green color of the vegetation suggested the rains which

had come a little earlier than usual to break up the dry season which

normally extends from January to April inclusive. From June to

October is the wet season, at the beginning of which most of the

native fruits ripen. Some few trees were bare of leaves. On others

the leaves were partly formed but on the great majority of plants the

leaves were in their full vigor.

After some time spent in the examination of agricultural conditions

about twenty-five miles east of Santiago, we took the train on the

Cuban railroad for Havana. The route of this road lies nearly

through the center of the island (Fig. 12) and traverses, for the most

part, a beautifully undulating country, with occasional stretches of

very level land and other stretches in which the rather rough hills

closely flank the track. At Santa Clara, some four or five hours' ride

out of Havana, the Cuban railroad joins the United railways, by which

means the trains of the former get into the capitol city. The twenty-

four hour ride between Santiago and Havana gives one some sense of

the extent of the island. This is a distance of 540 miles. The ex-

treme length of the island is 730 miles and its width ranges from 25
miles near Havana to more than 100 miles in the eastern part. Its

area, 44,000 square miles, is a little more than the state of Ohio and
a little less than the state of New York.

We stopped for a short time at Ciego de Avila, near the middle
of the island, and at Havana near the western end. I was tremen-
dously impressed with the capacity of Cuba for agricultural produc-
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tion. Its area, climate, soils, situation and harbors all contribute to

its advantages.

The shore line is very long in proportion to area. There are many
good harbors and these ' are well distributed to accommodate the

different parts of the island and bring it in touch with the routes of

sea travel, especially after the opening of the Panama Canal. Among
these may be specially noted the ports of Havana, one hundred miles

from Key West, Antilla on Nipe bay in the eastern part of the north

shore, Santiago and Guantanamo in the eastern part of the south

shore and Manzanillo and Cienfuegos in the central portion of the

same side of the island.

Geology and Topography.

The geological structure of the island is very old. While it has

not been examined in detail the conclusion has been expressed that it

is not related to adjacent parts of the mainland. The core of the

island appears to be very ancient granitic, metamorphic and eruptive

rocks which are exposed at several points, notably in the eastern part, in

the middle and in the western part. Outside of the province of

Oriente in the eastern part of the island the surface extent of such

rocks is small. The bulk of the middle and western parts of the

island is covered by limestones of a rather dense structure and con-

taining few fossils. In the eastern part, especially, dynamic processes

have been very active. Ancient granite rocks have been reduced to

low elevation. Sedimentary rocks have been folded and metamor-

phosed, eroded and shattered by numerous fractures and faults.

Through the fractures have extended large masses of lava that now
form extended mountain chains, especially along the southeast shore

where they culminate in Torquino peak, 8,320 feet in height. In this

eastern region are extensive mines of iron and copper, which are

probably the result of long processes of concentration, coincident to the

dynamic actions just mentioned. Recent coral rocks are extensively

found on the coast but do not extend inland for any considerable

distance and do not seem to materially affect the soils.

The shore line is inclined to be steep except in the middle and the

extreme western part of the island. The eastern province of Oriente

is very mountainous, with a broad, low interior valley. Much of the

province of Pinar del Rio in the western part is also quite rough and
the four central provinces contain many masses of low but rather

rough hills. In the mountain regions the slopes are steep but seldom

precipitous and are covered with vegetation. Camaguay and Alatan-
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zas provinces are the most nearly level. A large part of the surface in

the middle two thirds of the island ranges from nearly level to moder-

ately rolling and can be easily traversed by modern machinery. Rough

hills rising rather abruptly from the general surface of the land are

usually visible from the car window.

Climate.

The climate is variable but I believe it is much more comfortable

than we from the northern states are accustomed to think. While the

mid-day may be hot the nights are cool. As has been stated, there is

a rainy season corresponding to our summer and a dry season during

our winter and spring. The rainfall is highly variable, especially in

the mountain regions. Probably it ranges from 25 to more than 100

inches. We have a record of a fall of a fraction over 14 inches in 24

hours in October, 191 2, in the mountain region near Santiago, and

rainfalls of three or four inches in the same time are not uncommon.

Usually the precipitation comes more gently. The mountainous sur-

face of the eastern coast, together with the prevailing easterly wind,

causes wide differences in rainfall in a short distance. At Vincent,

25 miles east of Santiago, the rainfall is about 45 inches. Four miles

south on the coast it is very much less, perhaps 25 inches, and four

miles north on the mountains it is much greater, perhaps 80 or 90

inches.

In the wet season frequent showers and deep mud are the rule.

In the dry season, vegetation becomes dry and brown and even the

leaves of trees may wither and drop off. At Ceballos, near the»middle

of the island, citrus fruits are harvested in our spring. We were told

the grapefruit and oranges may wither on the tree from the loss of

water and under certain soil conditions the leaves may dry up and

fall off. But when the rains come, water is absorbed through the

roots and the skin of the fruits become as tight as a drumhead. Fruit

has been known to go through this process three times and come out

with improved quality.

Soils.

The soils of the island are nearly all residual. As there are no large

streams there is almost no alluvial soil. Their color is usually a dark

Indian red, similar to the Fenn and Orangeburg soils in the States

but of a browner cast. In limited areas an excess of organic matter

imparts a very dark brown and in some instances almost a black color.

The red color is due to the large percent of iron. In places the sub-

soil has a chalky white ajopcarancc with a dark gray or black soil.
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The soils are generally of a fine texture. An interesting condition is

the very general absence of (juartz particles, even in those soils de-

rived from granite rock. Since the soils are residual their character

closely follows the underlying rock structure. The local variation in

the soil appears to be small. In the eastern mountain region they

have been derived from granites, lava and a variety of metamorphic

rocks. These soils are generally stony and thin and their surface is

steep. The lack of frost, together with the heavy rainfall, has pro-

duced a very compact soil and subsoil, which, when coupled with a

steep slope, results in rapid erosion of the surface soil, especially in

open fields. This is one reason for the thin soil covering in the hill

regions. The rocks, even the granite, are deeply weathered. At

Daiquiri one bores into soft, rotten rock at a depth of two or three

feet and the same condition was seen to extend to a depth of fifteen or

twenty feet. The soil is of a loam to clay loam texture. The sub-

soil is quite gritty, due to undecomposed fragments of feldspar which

seems to weather more slowly than the other minerals, perhaps partly

due to the larger size of the crystals. Further inland the dominant

soil is a heavy dark red clay. Throughout the island, and especially

in the oldest sections, there are domes and knobs of boulders.

The greater part of the soils of the island are derived from lime-

stones which have their bedding planes somewhat warped and folded.

In places the soil is more than forty feet deep, as at Ceballos. In

other places, particularly along the mainline of the Cuban railroad,

which occupies a sort of backbone, the soil is only four or five feet

deep and the natural rock structure is frequently seen in the cuts along

the way. The limestone seems to be relatively free from siliceous

impurities as the residual soil is almost free from stone.

Undoubtedly there is marked variation in the composition of the

limestones. There are several ages of these. The differences in the

color and texture of the residual soil, in depth of soil, and in the color

and texture of the rock indicate this fact.

The substructure of limestone and its tendency to dissolve so as to

form passages and caverns is probably responsible for the great lack

of continuously flowing streams throughout much of the island.

There are wet weather channels which lead to sink-holes into which

the water disappears. Very generally in the limestone part of the

island there seems to be a plain of water at a depth of from 30 to 60

feet below the surface. The rainfall sinks readily into the limestone

soil in spite of its dense structure. While the soil is hard it is granu-

lar and cut by joint planes and cracks along which the water moves
rather freely and this greatly aids its absorption. However, the move-
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ment seems to be through rather large spaces and tliis fact coupled

with the rapid fall of rain at times prevents the best use of the water

supply by the soil. The need of irrigation in the dry season is much

felt and we observed the use of water for this purpose on the sugar-

cane plantation of the Providentia Company, twenty-five miles south-

east of Havana.

Deep plowing is practiced by the best farmers and recommended by

the Cuban Experiment Station. The use of dynamite to loosen up the

subsoil is proposed by some individuals.

The stock of organic matter in the soil is generally moderate in the

undulating and level lands and deficient in the hill soils, especially

those that have been cleared. Thus far, however, no means are used

by the farmer to build up organic matter. Green manure crops and

rotation are almost unknown.

The proportion of lime carbonate is low in all Cuban soils which we
examined. Very few of them effervesce with concentrated hydro-

chloric acid. Some of the limestone soils show small scattered frag-

ments of lime carbonate which give a slight sizzle when treated with

acid.

The modern moldboard plow seems to have proved a failure on

some Cuban soils. We did not find a report of its successful use.

The wooden plow with an iron point (PI. I, fig. i) is very generally

used and is about as efficient as the moldboard plow. The difficulty

seems to be that the steel plow will not scour, and consequently can

not efifect its normal turning and pulverizing action on the soil. It

breaks the soil into lumps, which process is as well done by the wooden
plow. Investigation of the reason for this action of the soil would

afiford an interesting study in relation to the textural and structural,

and perhaps other properties of the soil. If a moldboard plow could

be devised which would operate successfully it would be very useful

to the Cuban farmer.

The disc plow was said by one man of considerable experience to

be successful on these soils. The large, smooth areas^ free from stone,

would seem to favor the use of large, power-driven machinery where

farming is on a large scale. Undoubtedly the type of farming and

other conditions on the island operate against such practice.

The chemical composition of a few samples of soil is shown in

Table I. These samples are not representative of the soils of the

island as all but two of these come from a small mountain section east

of Santiago. These are derived from igneous rocks. The last two

are derived from limestone and represent as far as they may the sugar-

cane, citrous fruit and wrapper tobacco soils.
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Vic. 2.—Strippinj^ sugar cane in tlie field.
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Description. Nitro-
gen, N.

Organic
Oarbon,

C.

Phos-
phoric
Acid,

Potash,
MIVIas-

MgO'.

Lime,
CaO.

Iron
Oxide
FegOs'.

% % % % % % %
Residual clay loam from granitic

ock. From hill section near
Santiago, Oriente:

No. 10, 0—12 inches .175 I . I 2 .314 .68 .32 2.6l 8.13

No. lb, 12—24 inches .067 c; c
J .116 76 ^6•0^ 2 I 8.52

Same region as above:
No. 2a, 0-12 inches .142 •97 .251 .98 1.90 2.85 7.45
No. 2b, 12-24 inches .089 •74 .266 .66 1.86 2.67 7.63
Clay loam soil from granitic rock.

From coast section near Santiago,

Oriente

:

No. 3a, 0—12 inches .88 ^20 I 78 1.86 2 4.41

No. 36, 12-24 inches .069 •45 .213 1.26 •37 1.04 5.46
Same region as above:
No 4a, 0—12 inches .308 I ^o 02 2 1^ I I 6=; 6.24

No. 46, 12—24 inches 67 I .81 .4.8 2.1A 8.98

Clay loam from granitic rock.

Coffee plantation. Mountain sec-

tion near Santiago, Oriente:

No. 5a, 0—12 inches .266 2.05 .160 .61 3.67 1.97 ii^38

Residual soil from limestone.

Citrous fruit plantation. Ceballas,

Camaguay:
No. 6a, 0-6 inches. .250 1.97 •233 • 55 .42 1.74 13.84

Residual soil from limestone.

Tobacco plantation. Guiabal, Ha-
vana:

No. 7a, 0-6 inches .244 2.00 •386 •39 •94 2.13 15.67

General Agricultural Conditions

Cuba is undergoing a fairly rapid agricultural development. The
extension of the Cuban railroad through the middle of the island, in

connection with the other railroads, is said to open up seventy-three

percent of the agricultural land. Some persons would like a more

rapid progress but probably the necessity of employing methods in

many ways different from those in use on other regions renders the

present rate best for permanent results.

Throughout the eastern half of the island the stations along the

railroad have the appearance of western pioneer towns. There is a

line of houses and stores, usually with several saddle horses hitched

in front, usually a sawmill with a quantity of logs, and a fringe of

cleared land partly under cultivation. In that section there are large

areas of forest. These are thick and the tangle of vines and briers

makes it very difficult to traverse them without the free use of the

machete. Mahogany and cedar are scattered through the native for-

ests and these are the first woods removed. The supply is being

rapidly reduced. There are several varieties of hard wood suitable
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for railroad ties and rough construction, but the best construction is

done with American pine and hemlock.

The rough hill land and extensive areas of more level land are

used for grazing. Cattle raising is an important industry in the

middle and southeastern part of the island. Adjacent to the large

cities are considerable dairies. The native Cuban cattle thrive and

make good beef and fair dairy animals. Guinea and espertillo grasses

afford excellent pasture and the mild climate makes any sort of shelter

or the storage of much feed unnecessary. The Guinea grass is pre-

ferred. It grows three to four feet high. With a little help it will

extend into cut-over timber land and keep down trees and brush. It is

often cut green and tied in bunches to be carried to the cities on pack

animals or in carts, to be used as feed for horses.

Cuba is not a place for the man with small capital. Land is rela-

tively high in price. Labor commands a good wage and transporta-

tion facilities as well as the character of the dominant type of products

all combine to make large units the most effective for commercial

operations. This is particularly true in the sugar-cane industry. The

price of cane and tobacco land will range from $150 to $300 per acre

in the western third of the island. Farther east good land may be

secured at forty to one hundred dollars, and the price tends to de-

crease eastward, especially in the newly opened" sections.

Labor is scarce and commands from one to two dollars per day.

Transportation facilities are limited. Around the large cities are a

few miles of good macadam road built by the state. Elsewhere the

country roads are very poor and only the large carts can traverse them

successfully. Even the cart cannot go over any large part of the

roads and in the rough sections the pack animal is the means of trans-

porting freight. The railroads do not begin to cover the island. Be-

sides the mainline from end to end through the center there are several

loops and cross island lines to open up specially rich sections and to

reach harbors. With a stable, efficient and aggressive government and

improved transportation the material prosperity of the island will

grow rapidly and Cuba will be a country of great agricultural wealth.

Sugar Cane.

The great industry of the island is the growth of sugar cane and the

manufacture of raw sugar. About half of the value of agricultural

products is made up ])y sugar. Nowhere else in the world is the

growth of sugar cane as easy a process. Santa Clara and Matanzas

provinces have been much in the lead in the growth of the crop but its
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Fig. 2.—Loading cane into ox cart (left), and loaded cart (right), showing

oxen hitched by horns.
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area is rapidly extending eastward into Caniagiiey and western Oriente

provinces.

At Ciego de Avila we saw hundreds of acres of excellent cane grow-

ing where native forests stood eighteen months before. The process

of clearing and planting consists of cutting down the timber and brush

in the fall and early winter to form a close mass. During the dry

season this dries out and is burned. All but the stumps and large

trunks of trees are burned up. Without plowing or further clear-

ing the cane is planted by hand when the rains begin to come.

The sections of cane quickly sprout and spring up and as there are very

few weeds or grass in the soil the cane is able to keep well ahead of

them. Once it covers the ground they are choked out and after the

first harvest, twelve to eighteen months from planting, the mat of

leaves and tops forms an effective mulch on the surface of the soil

(PI. I, Fig. 2). The dark red clay soils give the best cane. The

larger the proportion of organic matter, up to practically a black

color, the larger is the yield. The best cane soils are inferior for

tobacco and citrus fruits. The sugar cane does not require replanting

as is the case in the States and in Hawaii. Fields continue to yield for

twelve or fifteen years. The stumps and tree trunks rapidly decay

and by the third or fourth year the land is practically clean. In the

new^ sections cultivation is not practiced. In the older cane fields they

are plowed after harvesting the crop. The yield of sugar is about five

tons per acre, varying of course with the character of the soil. Irriga-

tion in the dry season is believed capable of greatly increasing the

yield of sugar and, as noted above, is practiced by at least one

company.

There are several hundred sugar mills on the island (PI. II, Fig. i).

These are large factories which turn out from one hundred thousand

to more than five hundred thousand bags of sugar annually. They
have a season of about six months. The cost of these mills runs as

high as a million dollars each. The cane is subjected to three or four

sets of compression rollers with a spray of hot water intervening and-

the bagasse comes out dry enough to be used as fuel in the furnaces

into which it is fed. The cane is handled entirely by power at the

mills. The newest mills dump entire cars by tipping them up so that

the stalks slide out into the chutes.

The ox cart (PI. II, Fig. 2) with three pairs of oxen attached is

the common method of field transportation. This outfit has proved

its superiority over other methods. The wheels have four or five

inch tires and are six to seven feet in diameter. For overriding the

stumps and hollows in the rough fields and in going through deep mud
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on bad roads these carts with the slow, steady moving oxen seem

best suited. An average load is about five tons and with the cart

makes a total load of seven to eight tons to be moved. The sections

of cane are laid in tiers in the rack, with pieces of rope with a loop in

each end arranged crosswise beneath, so that the entire load may be

lifted out by the crane in loading the cane into cars. The older

mills retain these sling-ropes in place in the car and use them in un-

loading. The cars for hauling cane are open racks which hold four

or six cart loads according to whether they have two or three sections.

Certainly Cuba is eminently suited for the production of sugar from

cane. There are literally miles of sugar-cane fields and their extent

reminds one of the wheat fields of the northwest. In the western

provinces the wide, undulating fields of cane, interspersed with clumps

and avenues of the royal palm and an occasional great sugar mill, make

a magnificent landscape.

Tobacco.

The second crop for which the island is known is tobacco. Two
varieties are produced—Havana filler and Havana wrapper. The pro-

duction of the former centers in south-central Pinar del Rio province

in the western extremity of the island. We did not see that section

but were told that the top soil is a sandy loam and the subsoil of a

heavy nature. The center of the production of the famous Havana

spot leaf wrapper is about the middle of the west boundary of Havana

province. The soil is a dark red clay residue from limestone which

is also fairly good for sugar cane. The chocolate and darker soils of

the same region which are first class for cane are not suited for the

production of tobacco. Cloth tent shade is used, similar to the prac-

tice in the wrapper-producing regions in Florida and Connecticut.

Manure is heavily applied and is one of the big items of expense,

costing from two and a half to three dollars per ton at the local rail-

road station. iM-om eighteen to twenty tons are used per acre. The

use of commercial fertilizers is small as compared with American

practice. The value of potash is recognized and the sulfate form is

applied.

Sweet potatoes are an important food crop and corn is common,

especially in the field of the native farmer. There are extensive fields

of plantain which resembles the banana plant is appearance but is

used for its succulent shoots after the manner of asparagus.
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Fruits.

There are many varieties of native fruit of which the banana is

much in the lead. The latter prefers a rich soil like cane and a more

generous rainfall. It is most largely grown in the northeast coast

region around Baracoa. Papaya, mango, maranon (Cashew) and

mamey are native fruits common in the markets and the native

gardens. Limes and orange grow wild in the forest. The production

of citrus fruits is increasing, largely due to the efforts of American

colonies. The chief of these colonies is at Ceballos in western Cama-

giiey and Bartle in western Oriente. The trees make a splendid

growth when cared for and cultivated and the fruit is of high quality.

They do best on the lighter shades of red clay soil. On the dark,

chocolate soils which are very rich in organic matter the fruits have

a thick, coarse skin and have an inferior quality. Grape fruit and

sweet orange succeed only on sour orange stock.

The lemon has not been grown successfully. It is subject to many
troubles. Neglect of citrus fruit orchards is ruinous to them. Cul-

tivation, some fertilizing and spraying bring results. There are sev-

eral troublesome fungous diseases and insect pests. The two or three

varieties of scale insects are normally held in check by certain fungi

which feed upon them. When the trees are sprayed with fungicide

they also must be sprayed with insecticides because the useful as well

as the injurious fungi are killed by the former. Thus far the use of

cover crops has not been beneficial in the orchards. Apparently the

soils contain sufficient nitrogen which is made available by cultivation

and cover crops result in a coarse fruit of poor quality.

Coffee and Cacao.

Coffee and cacao are grown to a small extent in the mountain sec-

tion of the eastern part of the island. Both require a moist climate

and a cool soil. This is secured in the higher mountain regions where

rains are frequent. Much less of both crops is grown than is con-

sumed by the island. The two crops are planted together in alternate

rows, often in a field that has been in corn and bananas to clean the

soil. The shade of the banana is also considered to be beneficial to the

young coffee trees. The coffee is short-lived and comes to maturity

in three or four years and is not productive more than fifteen or

twenty years. The trees, wdiich tend to grow slender and eight to

twelve feet tall, are topped to form low bushes that may be picked

by hand (PI. Ill, Fig. i).
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The cacao tree develops more slowly and in twelve or fifteen years

it crowds the coffee trees so that they are taken out. The orchards

are kept clean cultivated. Those we visited were on the mountain

at an elevation of 2,500 feet and the surface of the fields is very

steep, so that only hand labor can be employed. Often they stand at

an angle of thirty-five to forty degrees (PI. Ill, Fig. 2). The soil on

which these crops are grown is a very dark red or brown clay loam, the

chemical analysis of which is given under No. 5a, in Table I. At pre-

vailing prices in Cuba where both crops are heavily protected by tariff

the grower prefers the cacao because much less labor is required in

preparing the crop for market. The cost and scarcity of labor is a

serious disadvantage to the extension of this industry.
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FERTILIZING THE ROTATION.

H. O. BuCKMAN,

CoRXELL University, Ithaca, N. Y.

\Miile the particular fertilizer formiil?e adapted for each crop and

the amounts to be applied have been given considerable attention by

writers upon fertilizer subjects, their relation to the rotation has been

rather generally ignored. The best place in the ordinary standard

rotation for a fertilizer is the important and ultimate item in good

management of artificial manures. Upon what crops will fertilizers

pay best and what will be the effect of this application upon the suc-

ceeding crops are the questions of vital import to the farmer. The

isolated fertilization of each particular crop must soon be a thing of

the past. We must fertilize the rotation as a whole, striving to

adjust the application in such a way that the greatest net money

return may be realized. Nevertheless the return from each crop must

be carefully studied in relation to the rotation as a unit.

\'ery few data^ even of a direct or indirect nature have been sub-

mitted to the public notice calling particular attention to the point

in question. Nevertheless any one having good practical experience

can state with considerable accuracy the places in the rotation for a

rational fertilization. When it comes, however, to the utilization of

figures to back up these conclusions, it is not a mere guess to say that

even our scientifically grounded fertilizer expert would be at a loss

in quoting extended proof. That such data are at hand, if a person

will take the time and patience to extract them, is the particular point

I wish to demonstrate. Their reliability and the direction in which

they point will be evident upon their presentation.

For our first data along fertilizer lines we naturally turn to our

oldest consistent field plats in this country, namely those at the Penn-

sylvania State College. Those familiar with this work will remember

the rotation to be, corn, oats, wheat and hay, the fertilizer applied

equally to the corn and wheat. This work has been carried out for

more than thirty years upon four tiers of plats, giving returns from

the whole rotation every year. The following table compiled from

^ Warren, G. F., The Importance of the Place in the Rotation at which

Fertilizers are Applied, Proc. Amer. Soc. Agron., Vol. 4 (1912), pp. 58-62.

Some Business Questions Involved in the Interpretation of Fertilizer Results,

loc. cit., pp. 62-66.
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Professor Hunt's data^ gives the percentage increase from the use of

fertiHzers together with the value of that increase.^ These evalua-

tions are somewhat near New York prices at the present time and

are used for all data cited in the article. Prices, however, are of

only general consequence here as long as the relative values of the

various products are kept fairly consistent, making all money values

comparable.

Table I.

—

Pennsylvania Experiment of 25 Years. Rotation: Corn, Oats, Wheat
and Hay. Fertilizers Applied in Equal Amounts to Corn and Wheat.

Percentage Increase from Use of Fertilizers and Value of that Increase.

Average of 6 plats treated with
two elements

Average of 14 plats receiving a
complete fertilizer

Corn. Oats. Wheat.

Average 4 plats receiving yard

A profitable treatment, 48 lbs.

P2O6, 100 lbs. K2O. Cost of

fertilizer, $7.64

24.4%
$ 6.46

38.6%
I 8.86

35.9%
I 9.75

35.7%
$ 8.39

43.3%
$10.38

37.2%
I10.35

34-6%
$ 8.40

Average of 3 best paying treat

ments
1 38.7%
I $ 9-71

A complete fertilizer, 24-48-100.
Cost of fertilizer, I12.44

The best paying treatment of

series, 6 tons manure. Cost
$9.00

Average of 24 plats in Penn.
experiments

20.9%
13-12

23.6%
$4-07

34.2%
14-32

24-6%
I3-62

23-9%
13-82 •

28.1%
I3-66

24.6%
I3.87

25-5%
$3-73

31.4%
% 4-47

87-9%
$ 8.71

78.8%
$10.22

38.2%
$ 5.18

78.5%
$10.05

73.4%
$ 9-70

72.2%
$ 7-90

63.4%
$ 8.31

Hay.

37.1%
$6.19

46.3%
$7.74

46.8%
$7-81

48.7%
$8.13

52.0%
$8.94

39.2%
$6.55

44-0%
$7-36

46.6%
$7-87

Corn
and Oats.

Wheat
and Hay.

22.6%
$ 9.58

31.1%
$12.93

35-0%
$15-07

30.1%
$12.01

33-6%
$14.20

32.6%
$14.01

29.6%
$12.27

32.1%
$13-44

34-2%
$10.66

67.1%
$16.45

62.8%
$18.03

43-4%
$13.31

65-2%
$18.99

56.3%
$16.25

58.1%
$15.26

55-0%
$16.18

2 Hunt, T. F., General Fertilizer Ex]

Experiment Station, 1907-8, pp. 68-93.

^ Unless otherwise stated evaluations

Wheat $ .90 1)U.

Oats 40 bu.

Corn 60 bu.

Hay 12.00 ton

Stover and straw 3.00 ton

erimcnts, Annual I\e])ort, Pennsylvania

arc as follows

:

Sodium nitrate $ .03 lb.

Potassium chloride 025 lb.

Acid phosphate 008 lb.

Manure 1.50 ton
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While it is not reliable procedure to utilize average results from

a series of widely varying fertilizer tests, in determining whether

fertilizers pay on any particular crop, it is fair to use averages in

comparing the effects of fertilizers at different points in the rotation.

As a further proof particularly paying treatments are included in the

tables to show that the points demonstrated are true in specific cases,

as well as in general upon any series of experimental plats.

It will be noted at once that the average percentage return upon

wheat and hay is always about twice as large as that upon corn and

oats. This, however, is not conclusive as the yields of corn particu-

larly are normally much greater than those of wheat, giving an

unequal basis for a percentage calculation with the two crops. Corn

necessarily is at a disadvantage under such a comparison. There-

fore, an evaluation^ is made of the increased crops showing as did

the percentage comparison that fertilizers give a better return upon

wheat and hay than upon the other two crops of the rotation. It is

also noticeable that corn gives better results from fertilization than

wheat, but that hay yields much better both on a percentage com-

parison and in actual net crop value than oats. It must be remem-

bered, however, that the hay seeded with the wheat receives some

direct fertilization. Indeed, hay gives a better money increase than

wheat and almost as good as corn, even though the first crop is once

removed from the fertilizer treatment. It excels even then in its

response to the wheat fertilizer to such an extent that the money

balance in every case is with the fertilization of wheat and hay. This

holds good not only on an average 'of all tests, but wi'th the treat-

ments which gave the best paying results. If meadow so far excels

in its response to manuring, why not then fertilize it directly?

With the three best paying treatments the cost of the fertilizer

applied to the corn and wheat respectively was $7.64, $12.44 and

$9.00, giving a small net gain in two cases for corn and a loss for

wheat alone. From the great residual effect upon the hay following,

however, the fertilization of the wheat may be considered a paying

proposition from the standpoint of the rotation. The residual effect

of the corn fertilizer upon oats increases the net return to such an

extent that it really pays on a practical basis to fertilize the corn

crop in this case.

The Ohio five-year rotation-'' of corn, oats, wheat and hay two

years for eighteen years may be utilized in the same general way.

As in the Pennsylvania work the hay is seeded with the wheat. The

^ Loc. cit.

° Ohio Agr. Expt. Sta. Circular 120, 1912, pp. 101-5.
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Table II.

—

Ohio Experiments of i8 Years. Rotation: Corn, Oats, Wheat, and
Clover and Timothy Two Years. Fertilizers Applied to Corn, Oats and Wheat.

Percentage Increase from Use of Fertilizers and the Value of that Increase.

Corn. Oats. Wheat. Hay. Hay. Corn and
Oats.

Wheat
and the
1st Hay
Crop.

12 plats receiving a
complete fertilizer. .

.

43.7%
I10.51

53-5%
I7.00

131.4%
$14.68

63.5%
$ 7.33

26.8%
$4-39

48.6%
$18.51

97.4%
$22.01

Average of 3 plats

treated with two
elements 30.5%

$ 7.11

38.9%
15-21

77-4%
$ 8.81

44-0%
$ 5-07

19.7%
$3.18

34.7%
$12.32

60.7%
$13-88

Plot 18, 8 tons manure.
Cost on corn and
wheat resp. 1 12.00. . 63-3%

I15.00

47-6%
15-82

117.2%
I12.71

106.4%
$12. 27

54-3%
$8.79

55-4%
$20.82

111.8%
$24.98

Plot 20, 4 tons manure.
Cost on corn and
wheat resp. $6.00. . . 38.0%

$ 9.18

27.0%
13-51

76.0%
$ 8.32

60.7%
$ 7.00

35-3%
$5-71

32.5%
$12.69

68.3%
$15.32

Plot 2, Phos. acid alone

80 lbs. Cost on corn
and wheat resp. $.64 18.7%

$ 4.80

27.7%
I3-94

70.9%
1 8.26

27.8%
$ 3.19

9-8%
$1-59

23-2%
$ 8.74

49.3%
$11.45

Plot II, Complete fer-

tiUzer.

Cost on corn $7.44.

.

Cost on wheat |8.88
51.6%

I12.10

65-8%
$8.75

107.7%
I17.30

73-3%
$ 8.44

35.8%
$5-79

58.7%
$20.85

90.5%
$25.74

work was carried on upon five tiers of plats and fertilizers applied

in varying amounts to the corn, oats and wheat. Average data as

well as figures from specific plats are utilized. Here with the 12

plats receiving complete fertilizers the wheat and first hay crop give

almost twice as much percentage increase as corn and oats, and

considerably more net money return. This is brought about in spite

of the fact that the corn and oats receive 45 per cent additional pounds

of fertilizer, costing 53 per cent more. In the last four treatments

cited the fertilization is approximately the same upon the corn, oats

and wheat, and tends to corroborate the conclusions drawn as to the

Pennsylvania data.

It is also to be noted here that in general the increased return

from wheat is greater than from corn, due probably to the residual

effect of the corn and oats fertilization. The cost of the fertilizers

ui)on the corn and wheat in ])lats 18, 20 and 2 were v$i2.oo, $6.00 and

$.64 rcs])ectively for botli corn and wheat, wliile upon plat ii, the
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cost was $744 for corn and $8.88 for wheat. This indicates a profit-

able fertilization of corn and wheat when in a rotation with two

years hay.

The Ohio results also indicate the readiness with which meadow
responds to a nitrogen fertilizer. This is shown by the Ohio Experi-

ment Station data^ and is pointed out by Dr. Warren^ in his dis-

cussion of the light the Ohio work throws upon the fertilization of

a rotation. In 14 out of 18 rotation tests at Wooster, Strongville,

Germantown and Carpenter^ containing hay, the greatest increases

have been obtained with fertilizers containing nitrogen.

From the fact that meadow in general responds to phosphoric acid

and potash,^ it is suggestive that any fertilization within reason

should succeed and yield the farmer a paying net profit when applied

to hay on soil similar to that at Wooster, Ohio. In the five-year

rotation utilized by Ohio, it is possible that a top dressing of fertilizer

especially upon the second crop of hay would have added materially

to the net increase return from the rotation, as the residual ef¥ect of

the wheat fertilizer is probably lowered by the second year after

application.

Some data from series 100 of the Illinois Experiment Station^^

may be utilized. The rotation is corn (1905), oats (1906) and clover

Table III.

—

Data from Series 100, Illinois Experiment Station, Showing the

Relative Response to Fertilization of Corn, Oats and Clover.

Average percentage
of Increase.

Total Value Increase.

Corn and Oats. Clover. Corn and Oats. Clover.

I. Manure" II 92 $ 7-53 I1O.08
2. Manure and lime" 7 76 4.86 8.63

3. Manure, lime and phosphate" 30 141 12.21 15.48
4. Manure, lime, phosphate and potash" . . 21 140 13-45 15-13

6 Thome, C. E., The Maintenance of Fertility, Ohio Expt. Sta. Bull. 182, 1907.
" Warren, G. F., loc. cit.

8 Thorne, C. E., The Maintenance of Fertility, Ohio Expt. Sta. Bull. 182

(1907), p. 191-

^ See Hunt, T. F., Fertilizing Meadows and Pastures, Penn. Expt. Sta. Bull,

loi (1910) ;
Wheeler, H. J., et al., A Five-Year Rotation of Crops, R. I. Expr.

Sta. Bull. 76; Lyon, T. L., and Bizzell, J. A., Experiments Concerning the Top
Dressing of Timothy and Alfalfa, Cornell Expt. Sta. Bull. 339 (1913)-

Hopkins, C. G., et al., Thirty Years of Crop Rotation in Illinois, 111. Agrl.

Expt. Sta. Bull. 125 (1908), p. 337-

11 Manure was added according to yield of preceding crop; lime was applied

previous to 1905; P0O5 and K^.O were added at the rates of 25 lbs. and 42 lbs.

respectively.
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(1907). Averages cannot be made use of readily as the fertilization

of this long time rotation has been changed. The fertilization of each

crop is in general the same.

This table shows that fertilization of meadow has paid in every

case considerably more than that upon corn and oats, and that one

crop of hay has more than equaled in net increase return the corn

and oats. Why not then pay more attention to the fertilization of

the hay?

The data so far presented have been of an indirect character. Let

us look at some of the fertilizing for hay experiments. Wheeler,

of Rhode Island, has carried on a four-year top-dressing test for

hay. He found that it always paid, and paid heavily (as the data

below show), to fertilize meadow, particularly with nitrogen, when

plenty of minerals were present. The following data are calculated

to a four-year average.

T^BLE IV.

—

Average of a Four-Year Test of Top Dressing Meadow at the

Rhode Island Experiment Station.

Percent Increase. Value Increase.

Plat 19—21 lbs. nitrogen + minerals^s $10.19

Plat 21—63 lbs. nitrogen + minerals 125% 28.92

Perhaps the best data now at hand, however, are from Cornell^*

with a six-year rotation of corn, oats, wheat and timothy three years.

The fertilizers in varying amounts have always been applied to the

timothy as a top dressing each year. The effect upon the corn, oats

and wheat has, therefore, been a residual one. Six crops of timothy

have now been havested. This handling of this rotation has always

been a paying one, particularly as to the meadow. Any combination

of fertilizer in almost any amount has proved profitable, except phos-

phoric acid and potash alone, because of the very ready response of

the hay. The percentage increase return is below.

Table V.

—

Percentage Increase from the Fertilisation of Timothy in Two
Rotations at Cornell University, Ithaca, N. Y.

First Second
Rotation, Rotation.

Average of complete commercial fertilizers 125.1% 283.3%

Average of 10 tons manure i54-6% 249 %
Average of 20 tons manure 264.6% 353 %

12 Wheeler, H. J., et al., R. I. Expt. Sta. Bulletins 57, 71, 82 and 90.

^•"^ Minerals averaged yearly 154 lbs. of P2O5 and 107 lbs. of K^O. The check

received this dressing also. The cost of the N on plats 19 and 21 was $4.20

and $12.60 respectively.

I'^ Lyon, T. L., and Bizzell, J. A., loc. cit.
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The importance of nitrogen upon timothy is especially noticeable

in these experiments, nitrogen in the second rotation giving many

times the return afforded by phosphoric acid and potash alone. Plat

721, one of the most profitable treatments, receiving 160 lbs. NaNOg,
80 lbs. KCl and 320 lbs. acid phosphate, gives a net gain for three

years of the second rotation of $24.10.^^ This indicates beyond all

doubt the value of nitrogen for hay, especially if well balanced with

potash and phosphorus.

It is particularly interesting to follow in the Cornell experimenta-

tion^^ the residual eft'ect of fertilizers upon corn, oats and wheat,

as we have noted the extreme value of hay in utilizing residuums in

the Pennsylvania and Ohio work. The percentage increase is below

:

Table VI.

—

Percentage Increase from the Residual Effect of Fertilizers Upon
Corn, Oats and Wheat at Cornell University.

Corn (1908.) Oats (1909.) Wheat (1910.)

85-7 25.1 3-3

110.4 36.0 30.8
Average of 20 tons manure II5-3 58.0 55-5

It will be noted particularly that the residual effect of manure is

strikingly apparent upon the wheat, indicating that barnyard manure

when available probably could be economically utilized upon meadow.

Moreover, the percentage increase of corn following meadow as a

residual feeder is much greater than the increase in the Pennsylvania

and Ohio experiments, where the fertilizers were applied directly

to that crop. Of course season, climate and soil and fertilizer must

be considered, yet the comparison is suggestive. Will not corn utilize

barnyard manure when applied to hay to almost as good an advantage

as when applied direct? Would the increased sod and humus con-

tent be a factor? The data already presented might at least be a

partial answer to these questions.

The early Cornell experiments have not been utilized in this dis-

cussion from the fact that they are not generally in definite rota-

tions. Again, single fertilizers have been for the most part applied.

Moreover, Dr. Warren^^ has already shown that the response of the

corn, oats and wheat to fertilization is, in every case, much less than

that received from hay, which, of course, corroborates the data

already cited. The Pennsylvania and Ohio experiments indicate that

it pays to fertilize corn in rotation and very often wheat, although

^•^Lyon, T. L., and Bizzell, J. A., Cornell Expt. Station Bull. 339, 1913.

Loc. cit.

17 Loc. cit.
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never to the extent of hay. It is interesting to speculate as to the

probabiHty of a paying increase from fertilizing wheat in the Cornell

six-year rotation of corn, oats, wheat and hay three years.

A glance at the results from the continuous cropping and fertiliza-

tion tests of Ohio^^ reveals an interesting condition. As an average

of six plats the following data are obtainable, where the corn, oats and

wheat received approximately the same fertilization:

Table VII.

—

Ohio Continuous Cropping Experiment for 18 Years.

Corn. Wheat. Oats.

Percentage increase of grain 140% 134% 76%
$13.65 $9.57 $6.80

This corroborates to a degree the previous data in regard to the

rotation response of corn and wheat, although it cannot be used

legitimately unless correlated with other figures. Continuous crop-

ing data are not altogether applicable to rotation interpretation. The

fertilization of oats generally is conceded not to pay. Cornell experi-

ments^^ show on the average of three years only a 14 per cent gain

from fertilization, v^hile in a one-year test-^ 20 tons of barnyard

manure gave only 20 percent gain. There was, moreover, a money

loss from every individual treatment. The Ohio data seem to point

in the same general direction.

The first point to be emphasized from this discussion is that con-

siderable reliable data are at hand to serve toward the solution of

rotation fertilization. Much data unmentioned herein could be util-

ized for that purpose. It would seem that in a standard rotation

of corn, oats, wheat and hay two years that a fertilization of the

wheat would pay, partially because of the stimulus to the wheat

itself and partially from its effect upon the young hay crop. It goes

without saying that the bulk of the fertilizer would be placed upon

the meadow, allowing the residual effects both directly and indirectly

to take care of the corn crop following. In a rotation carrying a par-

ticular money crop like potatoes, fertilizers would of course be util-

ized upon it, but the principle already established would still be of

general guidance.

^«Ohio Agr. Expt. Sta. Circular 120 (1912), p. 100.

Roberts, I. P., Field Experiments with Crops, Cornell Expt. Station Re-

port, 1882-3, p. II.

20 Gilmore, J. W., and Eraser, Samuel, Experiments on the Influence of Fer-

tilizers Upon the Yield of Timothy Hay When Grown on Dunkirk Clay Loam
in Tompkins County, New York, Cornell Agr. Expt. Sta. Bull. 232 (1905),

pp. 35-38.
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COMMUNITY GROWING OF CROP VARIETIES.

Carleton R. Ball,

Office of Cereal Investigations, U. S. Department of Agriculture,

Washington, D. C.

Introduction.

Industrial life is daily becoming more and more complex. This

increasing complexity and interrelationship is becoming as apparent

in the industry of agriculture practiced on the farm as it has become,

in recent years, in the industries of manufacture and commerce in

the office, the factory and the shop. From the average farm comes

a greater diversity of products than from any factory. The producing

of crops and of live stock are as widely different as the manufacture

of dry goods and of hardware, which no single factory ever attempts

to undertake.

Among the major animal products are horses, cattle, swine, sheep

and poultry, each requiring a considerable fund of technical knowl-

edge properly to produce and market. In each of these classes of

live stock are many different varieties or breeds, especially in cattle

and poultry, each adapted to a somewhat different purpose, having

somewhat different habits, and requiring somewhat different treat-

ment in rearing and finishing. Besides the adult animals themselves

there are numerous and diverse byproducts, such as young animals,

milk, butter, meat, wool, eggs, hides, feathers, bones, etc. On the

whole, these make a very respectable factory output for a single

industry.

Among the major plant products are cereals, forages, fruits, vege-

tables, fibers, sugars, oils and drugs, not to mention lumber and other

forest products. Consider such diverse crops, in habit, adaptation,

and required tillage methods, as wheat, rice and corn among the

cereals
;
alfalfa, timothy and sorgo among forages

;
apples, grapes and

strawberries among fruits
;
potatoes and cantaloupes among truck

crops; cotton and flax among fiber and oil crops, or cane and beets

among sugar plants, and the enormous diversity of knowledge and

practice required in the single industry of plant production begins to

obtain realization. Truly, the farm is the greatest and most wonder-

ful factory of all

!
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Growth of the Communal Idea.

The community idea of practice in agriculture is being brought

about by several separate and diverse factors and has made rapid

headway along certain lines in recent years.

One of these factors has been the steady spread of socialistic (not

anarchistic) ideas, or, in general, the belief in the brotherhood of man
as an industrial as well as a religious dogma. Another and more

directly potent factor is the belief, dominant in some farming com-

munities and existent in all, that the producer does not get a fair

share of the profits resulting from the sale of farm products. This

has led to the formation of such cooperative agricultural bodies as

the Farmers' Union and similar if less extensive organizations of

farmers, such as creamery and elevator companies ; cattle and sheep

producers' and shippers' associations
;
fruit, truck and grain growers'

associations ; and the like. Some of the latter have arisen through

the founding of new crop industries or the extension of crop indus-

tries to new localities, and the necessity of finding or creating a market

for the products.

Still another form of cooperation, though not necessarily entailing

permanent organization, has been induced by direct economic prob-

lems connected with crop and stock production. Such, for instance,

are community campaigns against noxious weeds, insect pests, fungous

diseases, animal diseases, cattle thieves, and the like. Cases illus-

trating this third form of communal cooperation are rare as yet, at

least in the realm of crop production, but these are most closely

related to the form of cooperation which is the topic of the present

paper.

Advantages of Community Action.

The chief advantage of community action, and the usual incentive

for it, is that it brings to the individual some desirable thing which he

could not obtain by his own unaided efforts. The benefit which may
accrue from the cooperative regulation of crop varieties or cropping

methods in any given community will vary with the crop and the

uses to which it is to be put. The direct result may be to handicap

the operations of some insect pest, as the cotton boll-weevil ; to control

some troublesome weed pest, as the Russian thistle; to avoid injury

by some fungus disease, as smut or rust in wheat and oats ; to gain

access to profitable markets at a specified time, as in the case of

perishable fruits and truck crops ; to enable the profitable sale of new

or improved crop varieties, as durum wheat or long staple cotton ; to

prevent the results of undesirable cross pollination, as in cotton and
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corn, or to avoid mechanical mixture and consequent lowering of

grade and value, as in most cereal crops.

The ways in which cooperative action of producing communities

has been or may be taken are discussed for each of the major farm

crops of the country.

Cotton.

The manifold advantages of community action in cotton growing,

amounting almost to necessity under certain conditions, have been ably

pointed out by Dr. O. F. Cook^ and A. McLachlan,^ of the Office of

Crop Acclimatization Investigations. The chief reasons for the

cooperation of cotton growers are (i) to prevent deterioration of

select varieties and special types of cotton through the mechanical

mixture of seeds, or the cross pollination of different varieties; (2) to

limit the ravages of the boll-weevil; and (3) to enable the growlers to

sell to best advantage the particular type of fiber they produce. Each

of these problems is amplified below. The treatment given may be

rather full, but the importance of the crop seems a sufficient warrant.

Uniformity of fiber is a very important essential in cotton. This

uniformity can not be had where varieties are allowed to become

mixed in the field. Mixtures may be of two sources: (i) mechan-

ical rnixtures, due to the planting of mixed seeds, or to the

volunteering of plants from seeds scattered in the field the previous

season, and (2) crosses resulting from the growth of such mechanical

mixtures or from more or less adjacent plantings of different varie-

ties. In either case the resulting seed is almost worthless for planting

purposes and the mixed fiber is of reduced value on the market. On
the other hand, either kind of mixing can be prevented by com-

munity action which agrees to grow a single variety or type, insures

clean seed to all members and prevents the introduction by any mem-
ber of a different variety from that agreed upon, except under con-

trolled conditions of growing and ginning.

The mixing of many varieties of cotton seed at the public gins is

one of the serious problems in cotton production. In ante-bellum

days the plantation gin obviated this mixture but economic factors

have long since produced the public gin. The result is the persistent

^ Cook, O. F., Cotton Improvement on a Community Basis, U. S. Department

of Agriculture, Yearbook 191 1: 397-410, 1912. Factors Affecting the Produc-

tion of Long Staple Cotton, U. S. Dept. of Agriculture, Bur. Plant Industry,

Circ. 123: 3-9, 1913. Cotton Problems in Louisiana, U. S. Dept. of Agriculture,

Bur. Plant Industry, Circ. 130: 3-14, 1913.

2 McLachlan, Argyle, The Culture of Durango Cotton in the Imperial Val-

ley, U. S. Dept. of Agriculture, Bur. Plant Industry, Circ. 121 : 3-12, 1913.
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mixing of all the varieties of a neighborhood and the consequent

impossibility of producing uniform fiber from local seed. Here again

only community agreements limiting the varieties to be grown can

effect a remedy for the present unsatisfactory condition.

The boll-weevil is the largest single factor affecting cotton produc-

tion today. The results that would reasonably follow intelligent com-

munal action against this pest are thus expressed by Dr. Cook.^
" Many ways of avoiding boll-weevil injury have been suggested,

but to secure a maximum of protection several different measures

need to be combined. Communities should unite upon the same

variety of cotton, plant it at the same time in the spring, use im-

proved cultural methods to shorten the crop season, and clear the

fields early in order to deprive the weevils of food and breeding

places in the late fall and early spring months.
" In communities that could agree to begin the planting of their

cotton on the same date very early planting would not be necessary,

and this would be an advantage for the community as a whole, for

the weevils would have less opportunity to breed than if some of the

cotton were planted very early
;
and, on the other hand, there would

be less danger of injury to the crop from periods of cold or wet

weather or from spring floods. Where spring floods are of frequent

occurrence and likely to interefere with early planting it is especially

important to learn the extent to which weevil injury may be avoided

by other means, such as the control of the habits of branching."

The salability of lint cotton is governed by many factors, two of

which, uniformity and familiarity, require community effort to con-

trol. Uniformity is largely a necessary result of neighborhood agree-

ments on the matter of mixtures, caused by volunteer crops, cross-

pollination and gin-mixed seed. Especially in long-staple cotton is

the higher price dependent on uniformity of product. Speaking of

this, Cook says, on page 5 of the publication last cited:

The commercial and industrial value of long-staple fiber depends

very largely on uniformity, for lack of this quality greatly increases

the cost of manufacture. The short fibers have to be sorted out by

elaborate mechanical processes. If the buyer detects the presence of

short cotton he will pay only short-cotton prices for the whole bale.

Indeed, it is often difficult to dispose of mixed bales, even at short-

cotton prices."

What may happen even in a new producing area is illustrated by con-

ditions in the Imperial Valley of California during the season of 1913,

as described by McLachlan in the paper already cited

:

L. c, Circ. 130 : 8-9.
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"At least three-fourths (or about 4,500 acres) of the Durango

cotton acreage in the Imperial Valley in 191 3 will be planted to seed

which was grown in the valley in 191 2. Unfortunately, this seed has

been mixed and cross-pollinated with short-staple cotton. The seed

planted in 1912 was grown in the valley in 1911 on clean land which

had been in alfalfa the preceding season, so that no mixture occurred

in the field. A small amount of mixture (possibly 2 to 4 per cent)

occurred in the ginning of the Durango seed in 1911. The mixing

probably took place in the screw conveyor which carries the seed from

the gin stands to the w^agon.

" The most serious mixture occurred in the fields in 1912. A large

part of the Durango cotton was planted on land which had been in

short-staple cotton in 1911, and the volunteering of the previous

season's variety caused an actual mixture of short-staple plants in

the Durango fields amounting to 8 to 20 per cent. This has resulted

not only in an actual seed mixture in the crop produced in 191 2, but

also, and what is even more serious, in the hybridization of the

Durango with short-staple cotton. Either sort of mixture, if allowed

to persist, would prove disastrous to the new long-staple industry.

Seed mixture alone in stocks of valley seed might be successfully

overcome, but the cross-pollination of the Durango by short-staple

varieties is a mixture practically impossible to eradicate."

Familiarity of the buyer with any given type of crop can come only

through experience. This experience most of them have not had

with the high-priced long-staples. On this point Cook writes as

follow^s

" The marketing problem has to be solved before the farmer can

be assured of the full value of his cotton, whether long-staple or short.

There is always somebody at hand to buy short cotton at somewhere

near regular market prices, but only a few buyers, comparatively

speaking, have the skill that is required to deal fairly in long-staple

cotton. The average buyer, if he handles long-staples at all, is afraid

to pay full prices, for fear that his estimate of quality may be wrong.

Of the buyers who know the value of the cotton, many do not feel

called upon to inform the farmer, it being their idea of business to

buy as cheaply as possible. The greater difficulty of marketing long-

staple cotton to a proper advantage is one of the reasons why growers

have been advised to organize themselves on a community basis.

"Any effective encouragement of long-staple production by com-

mercial or manufacturing interests is likely to come about through

4 Cook, O. F., Circ. 123 : 5, 6.
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cooperation with organized communities of farmers who will limit

themselves to a single superior variety of cotton."

Sometimes, however, the farmer himself is not well informed on

the value of his crop, or knowing, is powerless, individually, to obtain

its true value. A case in point is cited by Dr. Charles J. Brand, chief

of the Division of Markets in the new Rural Organization Service of

the federal Department of Agriculture. In a recent address he told

of a Mississippi farmer who had grown two bales of long-staple

cotton in a community where this sort was practically unknown.

On bringing them to town he found difficulty in selling because the

cotton buyer had no orders for long-staple and could not profitably

dispose of a two-bale lot. The farmer greatly needed some money
and, hence, although long-staple was selling at a premium over short-

staple, he was obliged to sell his two bales of long-staple at 8 cents a

pound, or less than the market price of short-staple. Within an hour

a buyer of long-staple came in and repurchased the bales at 13 cents

a pound, an advance of more than 60 per cent, or $25 a bale over the

price paid the farmer. The farmer was entitled to part of this dif¥er-

ence, but under the circumstances was powerless to obtain it. It is

the function of community cooperation to change such circumstances.

Corn.

Next to wheat, corn is the most widely grown crop in the United

States. It is grown primarily as a feeding crop, and market require-

ments, being secondary, have not forced the same attention to color

and quality that has been compelled in the case of some other cereals.

However, a considerable part of the annual corn crop is brought to

market each year and any action is well worth while that will raise the

market grade and increase the selling price. Moreover, no farmer

can be certain at planting time just what disposal of his crop he will

wish to make. Only seed should be planted, therefore, that will pre-

sumably produce a crop able to meet any requirements put upon it.

Corn is open polhnated and as enormous quantities of the crop are

produced in areas having fairly strong wind velocities there is oppor-

tunity for widespread mixing of varieties. This is augmented by the

height of the plant and the elevation of the tassel above the silk, which

afford greater opportunity for wind action. Through zenia, the

effects of the crossing of varieties of different color, as white, yellow,

red, blue and speckled, become apparent the same season in which the

crossing occurs. On the market, corn is graded on color as well as

quality so that for this reason alone every effort should be made to

prevent the crossing of varieties of different color.
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Community cooperation may well be directed toward the prevention

of such cross-pollination or of any mixing at all, since the crossing of

varieties of the same color is undesirable because affecting uniformity

of height, maturity and other characters. Owing to the readiness with

which the pollen is carried by the wind there is danger of mixing not

only in adjacent fields on the same farm but on adjacent farms as well.

The ready solution is to restrict by agreement the varieties grown in

the community. This restriction will also be helpful in facilitating

the profitable sale of pure varieties at the local elevators, since mixing

dif¥erent colors in the bin or car lowers the grade and price.

Increased community attention to early varieties, especially in

northern States, may be stimulated by the recent promulgation of corn

grades based on the moisture content. As these are adopted, a greater

premium will be placed on dry, well-manured corn, and in the North

this is most likely to be obtained from the fields of early maturing

sorts.

A further opportunity for profitable communal cooperation lies in

the proper curing and storage of the seed corn for next season's plant-

ing. This fact has been emphasized recently by P. C. Taff^ in Corn,

the magazine devoted to that cereal. The chief problem at present

in obtaining a supply of good seed is in properly drying it and keeping

it dry thereafter. Seed corn not infrequently contains 40 or even 50

per cent of water. When placed in the ordinary farm storage there is

always danger that it may not have sufficient ventilation to prevent

heating and molding or sprouting and also that it may not dry rapidly

and completely enough to avoid serious injury from freezing tem-

peratures. It is often desirable to hasten the curing process or ward

ofif early freezing temperatures by means of artificial heat. Usually

this can not be done safely and economically on the individual farm.

Professor Taff recommends the building of communal seed corn

houses to meet the need for prompt and proper curing and safe

storage from frost, moisture and vermin. He estimates that for about

$350 a house can be constructed sufficient for 300 to 400 bushels of

ears. This is estimated at twice the quantity actually needed by 15

or 20 farmers, to whom the average initial cost would be only 20 or

25 dollars apiece. The upkeep, of course, would be only a slight

annual expense.

Small Cereals.

The small grains most commonly grown are wheat, oats, barley and

rye. There are many factors and practices common to the production

^ Taff, P. C, A Community Seed Corn House, Corn 2: 137, Sept., 1913.
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of all these cereals and, for the purpose of the present paper, some

phases of the problem may be discussed for all of them together.

There are many advantages to be derived from growing a single

variety of a given cereal in any particular community. It is also

fully apparent that there are climatic and economic factors which may
make it desirable or even necessary to grow more than one variety

of a cereal, as, for instance, a spring and a winter wheat, on a

single farm. This phase may be neglected here in order to place

heavy emphasis on the opposite aspect.

One of the commonest observations in the cereal-growing areas is

the mixture of varieties which appears commonly in the fields. These

mixtures greatly reduce the value of the crop for seed purposes, even

if they do not cause a lowering of the market grade. They often

entail direct loss through nonuniformity in ripening and dif¥erences

in length and strength of straw, disease-resistance, adaptability to

soil types and climatic conditions, and other similar characters. In

some seasons and in some places these factors do not appear important

and even the agronomist may assume that they are negligible quan-

tities. The crime of growing mixed varieties may thus be neglected

or condoned. There is an almost universal law of nature, however,

that sometime, somewhere, the hidden defect will be revealed.

Two points should be held in mind. First, that the very idea of

mixtures should be persistently discredited as being fundamentally

wrong from the standpoint of good farming. Most growers will not

be able to distinguish between the mixtures which may not cause loss

and those which will inevitably do so. Secondly, no investigator can

predetermine when, in an apparently harmless and profitable mixture,

one variety shall be taken and another left, through some change in

the environmental conditions. Only in purity is there safety.

Another advantage of pure varieties is the better yield w^hich

usually results if the proper variety is grown. The man or the com-

munity may not receive a better price for the pure seed but would be

profited in any case by the increased yield. It should not be forgotten

that the neighborhood separator is a powerful factor in mixing varie-

ties where many are grown.

It seems scarcely necessary to mention in this connection, the mix-

tures of two cereals of different classes, as wheat and barley or oats

and barley, which are difficult to separate and objectionable on the

market. Such should be avoided at any time.

It is now desirable to proceed to a discussion of the individual

cereals and the phases of community production thereof.
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Wheat.

Wheat is the staple food grain of the human race. In the United

States and Canada it is grown annually to the extent of about 55

million acres, yielding an average outturn of about 840 million

bushels. Whatever affects the production of wheat, interests the

people of the world. One of the most -evident facts in the wheat-

growing areas is the mixture of varieties. The admixture may con-

sist of one or of many kinds, sometimes as many as eight or ten

varieties are present in addition to the one supposedly grown. These

may represent only a fraction of one per cent of the total crop, or as

much as 40 or 50 per cent in extreme cases. The loss resulting from

such mixtures is not necessarily proportional to the quantity of admix-

ture present. A small percentage of a variety having different kernel

characters may lower the grade when ten times as much of a similar

variety may not affect the market price at all.

A mixture of hard and soft common wheat or a mixture of common
and durum wheat would be really serious in its financial effects. A
mixture of two varieties with similar kernel characters w^ould result

in no appreciable commercial disadvantage, no matter how different

the varieties might be in outward appearance.

Some striking examples of the need for communal action in wheat

production may be cited. When the durum wheat was first grown in

the United States the farmers could find no market for it as wheat,

but were compelled to accept feed prices for it, 20 to 25 cents a

bushel less than for other wheat. The millers did not want it

because it required special tempering to prepare it for grinding. They

also asserted that its flour was of little value for bread-making when

ground. Doubtless it was in demand for export to be used abroad

in making macaroni and semolina but the growers often were isolated

and the quantity tributary to many elevators was small. During suc-

ceeding years the spread in price between durum and common wheat

has been closed gradually until the crop of 1912 sold at a premium

over common wheat. If, in the early days of durum wheat production,

communities where this wheat was especially adapted had combined

to produce it in quantity and to obtain a fair price for it, the long

period of discrimination against it would have been much shortened.

Considerable profit to the growers would have resulted from such

action. These arguments still hold good in localities where durum

wheat is being newly introduced since there is bound to be discrimina-

tion where the grain is presented in less than car lots.

Conditions similar to those described existed when the hard red
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winter wheats were first brought to the Central Plains area and com-

munity cooperation would have done much to relieve the onerous

situation. The same conditions are occurring today, to some extent,

in the Great Basin and Pacific Northwest where the hard red winter

wheats are being introduced rapidly. Considerable prejudice against

them has been developed by certain milling agencies and only where

they are produced in quantity can they be marketed at full profit in

a region of soft winter wheats.

Oats.

As in the case of corn, the oat crop is grown largely for home feed-

ing purposes and only a portion enters commercial channels. Color

is the chief varietal difiference that enters into the grading of oats.

Mixtures of the different colors, white, yellow, red, and black, will

result in lowered grades and depressed prices. Proper action by indi-

viduals and communities will avoid this loss.

Barley.

The barley crop is grown for two chief purposes, namely, feeding

and malting. For feeding, the grades and market price are based

largely on the physical qualities of cleanness and soundness. For brew-

ing purposes, however, the trade requires not only cleanness and sound-

ness but also uniformity of germination and endosperm reduction.

Different varieties show marked differences in the rapidity and effi-

ciency of germination and consequent decomposition of the starch

endosperm. These properties depend very largely on the shape and

size of the kernel. Two varieties may have the same malting ability

in the end, that is, the power to produce the same quantities of digested

starch to the pound of original matter, and yet be of much decreased

value when mixed, due to the different times required for complete

endosperm reduction and the necessity of waiting for the slower one.

If such is the case with different varieties having the same ultimate

malting efficiency, how much more is it true where one of the varieties

in a mixture has a low efficiency due to the undesirable shape of the

kernels. Such admixture may result from individual carelessness on

a single farm and yet the mixed seed contaminate the purer products

of the entire community at the elevator. Only community action can

insure safety.

It is very important to barley growers, therefore, to produce not

only a good variety for the purpose intended, but also only a single

variety in a given locality in order that the community product may
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be pure and uniform and thus be able to command the highest price

paid. The extensive and ahiiost exchisive growing of the Oderbrucker

variety in Wisconsin by the members of the Wisconsin Experimental

Association is an excellent illustration of organized cooperative effort

in behalf of a single profitable variety of a field crop.

Sorghum and Broomcorn.

Here, as in corn, we have to do with open-pollinated crops. They

differ from corn, however, in having flowers of both sexes in one

spikelet instead of a monoecious inflorescence. It is not possible,

therefore, to prevent undesirable crossing simply by removing the

male inflorescence or tassel.

These crops are most extensively grown in the southern half of the

Plains area. In these sections the winds are normally fairly strong

throughout the year. Neither topographical features nor extensive

tree plantings occur to break their force. Under these conditions,

cross-pollination is common and may take place at considerable dis-

tances. The purity of varieties is endangered from another source,

also. Owing to the semiarid conditions, many varieties, and espe-

cially Black Amber sorgo, volunteer very freely. Any seed shattered

or spilled in the fall remains in or on the ground throughout the

winter season without injury and, germinating successfully the follow-

ing spring, produces a crop of volunteer plants. These not only cross-

pollinate any sorghum crop in which they occur but also are harvested

with it and so cause mechanical mixture of the seeds. Thus through

lack of attention to danger from hybrids and mixtures from the various

sources, a really serious condition has arisen.

Where the sorghums are grown chiefly for forage purposes, as

pasture, hay, silage and fodder, the mixing and hybridizing of varie-

ties affect only the supply of pure seed and to a small extent the

yield. Where they are grown w^holly or largely for the grain, as is

commonly true of milo, kafir, durra and kaoliang, or for brush, as in

the case of broomcorn, the presence of hybrids and mixtures becomes

very important. In the case of the grain sorghums just named it

increases the cost of harvesting, lowers the yield, and depresses the

price of that rapidly increasing quantity of the seed which finds its

way to the markets. The situation is further complicated by the in-

creasing interest in these dry-farm crops, which has encouraged the

exploitation of so-called new and wonderful varieties that serve only

to relieve the buyer of his money and to increase the already chaotic

confusion in the fields.
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Hybrids, and mixtures which result in hybrids, are especially serious

in the broomcorn crop. They are themselves worthless for brush,

depreciate the value of the good brush in which they occur and make
pure seed impossible to obtain. Unsalable brush can be used for no

other purpose and is practically a dead loss to the grower.

Much loss has already been suffered and neither growers nor seed

dealers seem able to furnish supplies of pure seed in either the old

or the new producing sections.

Prompt and vigorous cooperative measures are needed to restrict

the number of varieties grown in a community, to insure sufficiently

distant plantings of different sorts, and to commence a war of ex-

termination on all volunteer plants and hybrids. Only by such action

can the farmers of the Plains area reap the full benefit which is in the

power of these crops to confer.

ANNUAL FORAGE CROPS FOR THE DRY LANDS.

H. N. ViNALL,

U. S. Department of Agriculture, Washington, D, C.

In discussing forage crops for the dry-land sections of the United

States, one must necessarily make a distinction between that portion

of the Great Plains area in which perennial grasses and legumes can

be produced and that part where perennials must give way to annuals.

This imaginary division line can be placed in the northern United

States at about a fifteen-inch annual precipitation; in the center,

eighteen-inch ; and in the south, thirty-inch. In the latitude of Ne-

braska and Kansas, in sections having a less rainfall than eighteen

inches it is very difficult, if not impossible, to grow profitably without

irrigation the hardiest kind of perennials, such as alfalfa, brome

grass, etc. Farther south the division varies to a line of greater

rainfall on account of the increased evaporation, and in Texas, near

the southern boundary of the United States, the line must be placed

near an annual precipitation of thirty inches. On the contrary, in

the north near the Canadian border, these perennial crops can be

grown on a precipitation of fifteen inches or less.

Wherever this division line is located, the two sections marked off

by it must be considered separately in a discussion of their forage

crop problems. In that section where the perennials can be grown,

the problem is a comparatively easy one and alfalfa is the solution
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usually proposed, but in the other division where the farmer must

depend chiefly on annuals for his roughage more reckoning is required

to find the best crops.

Southern Section.

In this section the crops available are sorghums, cowpeas and

millets. In most cases the crop must be grown in cultivated rows to

give it the advantage, as far as possible, of all the moisture available.

A seemingly effective method of adding a protein-bearing element to

the sorghum fodder, and thus greatly improving its quality, is in plant-

ing legumes with the sorghum. Seeding the legumes in the same row

is preferable to planting them betvv^een the rows as a better state of

cultivation can be maintained and the legumes benefit more from

the cultivation given the ground.

The cowpea, the Kulthi, and the Bonavist can all be used for this

purpose, and in order to keep the proportion of sorghums and legumes

somewhere near equal they must be mixed one part by measure of

the sorghum seed to about seven parts of the legume seed. The
Kulthi (DolicJws bifloriis) is preferable to the ^on3.V\st {Dolichos

lablab) for this purpose, on account of its greater ability to climb

the stalks.

Middle Section.

Here the sorghums and millets can still be used to good advantage,

but the cowpea is not so well suited to this climate although it and the

soybean are used to some extent. The small grains can also be cut

for hay when the grain is in the dough and first-class roughage ob-

tained. The yield of grain hay is usually larger and of better quality

than any that can be obtained from the annual hay grasses except the

newly introduced Sudan grass.

Northern Section.

Here the moisture conditions are not so severe on account of the

decreased evaporation, and hardy alfalfa can be grown over a great

deal of this division if planted in cultivated rows. The crop will

prove a profitable one if the forage consideration is combined with

that of seed production.

Field peas are probably the most valuable annual legume that can

be used in rotation in this division. It is generally found necessary

in the arid section to seed the peas without any admixture of grain

on account of the limited supply of soil moisture. In the central

division and the southern half of the northern division, common sweet

clover (Melilotiis alba) may be used with profit in rotation as a soil
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improver and forage crop combined. It is especially valuable for

sandy soils in this area, and will also endure a higher percentage of

alkali than most cultivated crops.

Another statement which might be added to this introduction of

the general discussion is that the Sudan grass seems destined to

replace the millets as catch crops in all the dry-land region. It

matures as quickly and besides greatly outyielding the millet furnishes

a much superior quality of hay.

On the whole, however, the point that is brought out most strongly

by the tests carried on by the U, S. Department of Agriculture, at

various stations extending from the south line of Texas to central

South Dakota, is the superiority of sorghums over other annual

forage crops. It is this relation of one crop to other crops which is

here considered rather than the relation existing between different

varieties of the same crop. That the sorghums are eminently fitted

by origin and character of growth to occupy this position of pre-

eminence is recognized by all. The home of the sorghum family

seems to be Africa, although some of our sweet sorghums have been

secured from Asia. In this continent of deserts and jungles the

sorghums are the principal and indeed about the only source of food

in the drier regions. The ability of the sorghum plant to endure

drought has been pointed out already by several writers.^

Table I presents the facts in connection with a comparison of

sorghum with millets, cowpeas and field peas.

Table I.

—

Comparative Hay Yields of Sorghums, Millets, Cowpeas, and

Field Peas.
Av. Yield Tons per A

Crop. Tests. Air Dry Fodder.

42 3-54

25 2.20

37 1.30

5 1. 16

9 1.00

7 .81

' Sweet Sorghums.

V In this summary there are considered among the sweet sorghums

only the four leading varieties : Sumac, Red Amber, Minnesota

•Amber, and Orange. " Number of Tests " does not mean number of

1 Ball, C, R., The Importance and Improvement of the Grain Sorghums,

U. S. Dept. Agr. Bur. of Plant Industry, Bull. 203:22, 191 1; Kearney, Thos.

*H., and Shantz, H. L., The Water Economy of Dry Land Crops, U. S. Dept.

Agr. Yearbook, 191 1, 355.
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plots but years of tests, i. e., Orange and Red Amber have been in

tests an average of 3 years at 4 different stations while Minnesota

Amber and Sumac were included in the same period at 3 stations

making a year sum of 42 for the crop as a whole. The test each

year was made up of at least two plots, usually twentieth acres, so

that the total plot number exceeded 80. On this number of plots in

the period from 1908 to 1912 which included both good and bad years

and after discarding certain excessive yields which were due to incom-

plete curing of the fodder before weighing these sorgos (saccharine

sorghums) outyielded the millets more^than two to one, the cowpeas

over three to one, and the field peas more than four to one.

A comparison of the value of these four varieties is also interesting.

It shows very little difference in the yields but is disappointing in that

the best forage type gives the lowest average yield.

Table IT.

—

Comparative Hay Yields of the Different Varieties of Saccharine

Sorghums.

Av. Yield Tons per A.

Variety. No. of Tests. Air Dry Fodder.

Sumac II 3.17

Red amber 14 3.32

Minnesota amber 6 3.52

Orange 10 4.05

The larger yield of Orange and Minnesota Amber can be accounted

for by the greater size of the stems and notwithstanding these yields

we are advising the use of Sumac and Red Amber in localities to

which they are adapted because of the better quality of fodder. In

Texas the Sumac will outyield the other varieties in most years but

the yield is less for it near its northern limit on account of its long

season of growth. Red Amber is a variety with fine stems of good

forage quality suitable to the region just north of Sumac while further

north Minnesota Amber or selections of it must be used.

Non-Saccharine Sorghums.

The non-saccharine sorghums while being grown primarily as a

grain crop still are used quite extensively for fodder especially the

Blackhull and Red kafirs which have juicy stems. The average yield

of this group of sorghums is 1.34 tons per acre less than that of the

sweet sorghums but is still .9 ton above that of the millets. Taking

the yield of the kafirs alone we find that it averages 1.07 tons less

than the sweet sorghums.
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Table III,

—

Comparative Hay Yields of the Three Principal Varieties of Non-
saccharine Sorghums.

Av. Yield Tons per A.
Variety. No. of Tests. Air Dry Fodder.

Black-hull kafir lo 2.58

Red kafir 6 2.36

Dwarf Milo 9 1.65

The Blackhull kafir is more leafy and more widely grown than the

Red kafir. When for any reason the kafirs do not mature seed

they are harvested for foddej with good results.

Dwarf milo is popular in parts of the panhandle region of Texas

because it is a trifle more sure to head in case of drought than kafir.

Much of the crop is harvested with corn-binders and fed to stock in

the bundle thus supplying both grain and fodder.

Foxtail Millets (Setaria italica).

These are more distinctly forage millets although the seed yield is

now being considered also in some sections. They are the principal

catch-crop of the Plains region and while not drouth resistant in the

sense of being able to endure drouth are of value in regions subject

to low rainfalls because their short season of growth often enables

them to evade the more acute periods of drouth. Their yield however

is small when compared with that of the sorgos and the quality of

the hay is not first class. It can be fed freely to cattle but is injurious

to horses if given them regularly. There seems no warrant for using

the millets now that we have a sorghum in the form of Sudan grass

which will mature a crop of hay in as short a season as the millets.

A comparison of the four most prominent varieties of millets follows

in Table IV.

Table IV.

—

Comparative Hay Yields of the Four Principal Varieties of Fox-
tail Millets.

Av. Yield Tons per A.

Variety. No. of Tests. Air Dry Fodder.

German 10 1.45

Common 9 1.03

Hungarian 6 1.41

Kursk 12 1.31

The Kursk, a strain of the Siberian or orange-seeded millet, although

it makes a somewhat less yield than German, is becoming quite popular

in the northern part of the (ireat Plains region on account of its short

sea.son of growth and the abundance of seed. It has been found to

yield more seed than the prosos in most cases.
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Proso Millet (Paiiicum miliaceum)

.

As a representative of this group of millets the Black Voronezh was

used at most points. Where seed of this variety was not available the

Early Fortune was substituted. The yield per acre, 1.16 tons, is only

slightly less than that of the foxtail millets but the quality of hay is

much inferior. The season of growth is somewhat less than that of

the foxtail millets and this seems, the only point of advantage.

Cowpeas.

The cowpeas being annual legumes are of considerable value from

the standpoint of soil improvement. The yield of one ton per acre is

very small in comparison with the sorgos and is not sufficient to justify

growing them for forage alone. The greater protein value of the hay

however must be considered and the effect on the soil of the introduc-

tion of a legume in a way offsets their failure to yield more. Their

use in mixtures with the sorghums would likely become popular if

certain mechanical difficulties in connection with the seeding and

harvesting of the crop could be overcome.

Field Peas.

This crop has been considerable of a disappointment as a forage

crop on the prairies. The extremely small yield, .81 ton per acre,

will no doubt prevent them from being widely used even when their

effect on the soil is taken into consideration. They dislike heat more
than drouth and are promising only in situations where low tempera-

tures prevail, i. e., near the Canadian border or in the inter-mountain

valleys like Judith Basin, Mont., where low temperatures prevail on

^ account of the elevation and proximity to the mountains.

Soybeans have been tested repeatedly with poor results on account

of the injury from rabbits, which are remarkably fond of this crop.

Where yields have been secured under representative conditions they

were small, less even than field peas.

A number of other annual legumes have been tested with indifferent

results when grown alone and seem of value only when used in mix-

tures as previously noted. Among these are the Moth bean {Phaseohis

acoiiitifolius) , Kulthi (Dolichos biflorus), Bonavist (Dolichos lab-

lab), and Mung bean (Phaseolus radiatus and P. mungo). Most of

these legumes are commonly grown in India under climatic conditions

much like those on our Plains region but none of them are sufficiently

promising to warrant recommending them to the farmers even for

trial.
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BRIEFER ARTICLES.

A PRACTICAL METHOD OF REDUCING EXPERIMENTAL
ERROR IN VARIETAL TESTS.

Experimental error in field tests has lately received so much atten-

tion that it seems unnecessary in this paper to demonstrate its presence

or significance. However, there is reason to believe that where no

provision is made for measuring it, its magnitude is more often

underestimated than otherwise. This appears to be especially true of

tests conducted in the semiarid Great Plains of the United States

where nonuniformity of soil is of frequent occurrence and where the

• water supply is often near the lower limit of plant sustenance. More-

over, varietal tests differ from some other field tests in such a way
that a consideration of experimental error is probably of more im-

portance in their case.

In rotation and soil fertility tests there is usually a cumulative

effect. The practices of one year affect the yields of following years

so that the difference in results between a good and a bad practice

increases with time. In such a case the experimental error is likely

to be much less than the expected differences.

In a varietal test there is no tendency toward larger divergences as

the test is continued. In fact, the direct opposite is true where a part

of the varieties are not acclimated. Also, as a general rule, smaller

differences are expected than in many other field tests. Much of the

work which is classed with varietal tests is in reality a test of different

strains and selections which it is expected will be very similar. Again, ,

a just conception of varietal testing requires that such work be con-

ducted with a broader aim than a mere knowledge of which variety

will yield the most in a given period.

A regard for accuracy and the future improvement of crops makes

imperative a knowledge of the causes of variation in yields. Is a

variety a consistent yielder or is its average due to a single excep-

tional performance? In the latter case what assurance has the experi-

menter that this was due to varietal difference and not to variation

in cdaphic or climatic conditions? To what particular qualities does

a variety owe its high yield? Why is a certain variety poor in yield,

and has it any desirable qualities which by hybridization might with

profit be added to another better yielding variety? Of what impor-

tance are the effects of disease and insect attacks, and are they due to
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varietal differences or to the location of the plats? What peculiarities

make a variety adapted to certain seasons and soils? And has a poor

variety any qualities which will make it of value in some other

locality?

A satisfactory answer to most of these questions is fundamental to

the art of plant breeding. They can be solved only by the application

of exact methods which will eliminate any suspicion of inaccuracy.

Enough data have already been assembled by experimenters to show

clearly the presence of considerable error in field tests. It appears,

however, that a practicable method of eliminating it or reducing it to

a minimum has not been put into general use. The writer has for

three seasons and to some extent in a fourth season used a method

which without doubt reduces the experimental error and so far has

proved entirely practical and workable for varietal, time-of-seeding

and rate-of-seeding tests with small grains. It has not been tried for

other field tests.

Essentially the method involves a replication of plats. In the

writer's case it has also involved a reduction in size of plats. All

field tests were at first conducted on tenth-acre plats, the plats being

33 X 132 ft., separated by 16.5-foot roads and 5-foot alleys. The

method now used in varietal and similar tests with small grains is to

divide the area formerly occupied by a tenth-acre plat and alley into

five plats, each 6 X 132 feet and separated by alleys 1.6 feet wide.

This particular size was selected mainly because of the size of the drill

used in seeding.

The usual practice in varietal tests has been to seed five such plats

of each variety, the plats being distributed throughout the area de-

voted to the test. In time- and rate-of-seeding tests the plats have

been replicated three times, the plats being distributed throughout the

experimental area as before. By this method, the same area is re-

quired as in the former method of seeding one tenth-acre plat of each

variety, while in the tests of time and rate of seeding a smaller area

is required.

In seeding, all the plats of each variety are sown at one time, thus

reducing the chances of mixing and the time required for cleaning the

drill. When ripe, it is often necessary to harvest a few of the

earliest plats by hand. This may be done with a cradle with very

little extra labor over that required for havesting with a binder. It

is usually not necessary to harvest more than 10 per cent of the plats

in this way. The remainder may then be harvested with a binder.

The varieties may be sown in the order of their maturity which re-

duces the number of plats that it is necessary to harvest by hand.
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All plats of a variety are threshed at the same time to avoid mixing

and the extra cleaning of the machine. Yields, weight per bushel,

notes, etc., are, of course, taken for each plat separately.

It has been estimated that, given the same number of varieties, this

method requires about the same time for seeding as the former

method of seeding a single tenth-acre plat of each. About 50 per

cent more time is required for harvesting, and about 25 per cent more

for thrashing. There is also the extra time required for taking notes,

determining and recording weights, etc.

On the other hand, aside from the reduction of experimental error,

this method is more flexible than the former. In the writer's work it

has been unusual to have exactly the same area each year for a given

test. As the number of varieties also differs each year it is seldom

that the area available corresponds exactly to the number of varieties

to be tested. The result is that there is often a small area left which

it is not desired to use in the varietal test, which is too small for any

other test with the tenth-acre plat system and which should be cropped

to maintain the uniformity of the experimental tract. With the

present method a very small area can be advantageously used for

miscellaneous tests, the area being made to correspond to the test by

increasing or decreasing the number of replications.

It is improbable that five plats of each variety is sufficient replica-

tion for all cases. Perhaps there are some where fewer would do

as well. The writer began in 19 10 by duplicating the plats. Since

then practically all varietal testing has been done by replicating the

small plats five times. Of the three years in which this method has

been used, one crop was a complete failure, another was almost a

complete failure, and the third is not yet harvested. As a conse-

quence, sufficient data have not been obtained to indicate the experi-

mental error that may be expected by this method.

—

Cecil Salmon,

Bellefourche Experiment Farm, Newell, S. D.
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AGRONOMIC AFFAIRS.

LOCAL SECTIONS OF THE SOCIETY.

The following article in the Constitution provides for the forma-

tion of local sections of the Society, viz.:

" Local Sections.

"Article V. Any three members may, with the approval of the Executive

Committee, organize a local section of ten or more persons who, if not already

members of the Society, may become active or associate members on applica-

tion and payment of regular dues for such membership. Local sections may
make their own rules for membership, provided that for each member who
does not become an active or associate member of the Society the local section

shall pay to the Society a fee of fifty cents, which shall make such person a

local member of the Society and entitled to purchase its Proceedings for a sum
not to exceed the difference between a local member's fee and the annual dues

for active membership, but shall not entitle him to a vote in the Society. Any
local section may be dissolved by a majority vote of members present at any

regular meeting of the Society."

From this it is seen that wherever three members (active or asso-

ciate) are found, they can proceed to form a local section of not less

than ten persons. The additional members required to make the 10

necessary for the local section may take full membership in the

Society or not, as they prefer.

There are now twenty-seven institutions which have the pre-

requisite three members. They are

:

California University and Station, N. Y. (Cornell) Univ. and Station,

Georgia College of Agriculture, N. C. College and Station,

IlHnois University and Station, North Dakota College and Station,

Indiana (Purdue) Univ. and Station, Ohio University,

Iowa College and Station, Ohio Station,

Kansas College and Station, Pennsylvania College and Station,

Kentucky College and Station, S. C. (Clemson) College and Station,

Macdonald College, South Dakota College and Station,

Maryland College and Station, Texas College and Station,

Massachusetts College and Station, Utah College and Station,

Michigan College and Station, Virginia College and Station,

Minnesota College and Station, Washington College and Station,

Mississippi College and Station, Wisconsin University and Station,

Missouri University and Station,

Sixteen of the 27 institutions named have 5 or more of the neces-
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sary lo members. Illinois and Cornell have more than lO each,

Minnesota and South Dakota each lack but one of this number, while

Iowa and Kansas lack only two.

The benefits resulting from a local organization of the agronomic

workers in an institution scarcely need argument. For the purpose

of presenting and discussing methods and results of research and

instruction it is invaluable. It also serves to develop mutually help-

ful relations between faculty, graduate students and advanced under-

graduates, giving the latter an opportunity to develop and prove their

abilities under the inspiration and criticism of the former. Then, too,

it serves as a nucleus to attract and present lectures on fitting topics

by visiting scientists.

Several state institutions have agronomic seminars or similar bodies

for the various purposes named. An agronomic seminar has been

maintained in the U. S. Dept. of Agriculture, chiefly by the Bureaus

of Plant Industry and Soils, for about 12 years, the attendance fre-

quently exceeding 100 persons. Still other institutions are planning

the organization of such seminars.

An additional advantage will accrue to these bodies from their

organization as local sections of the American Society of Agronomy.

They will have a sense of fellowship and unity of purpose with the

national organization and with similar sections elsewhere, as well as

the added prestige of membership in the Society. The Journal will

furnish the medium of communication as well as matter for review

at meetings.

The agronomic workers of Cornell University are already organ-

ized as a local section and have obtained a charter from the Society.

It is now the season of the academic year when the various seminars

are being revived. Why not reorganize them as local sections of the

Society and make application for a charter? Any additional informa-

tion or suggestions desired will gladly be furnished on request.

ANNUAL MEETING OF THE SOCIETY.

Preliminary announcement of the annual meeting, which will be

held in Washington, D. C, on November 10 and 11, was made in the

first number of the Journal. A full program of good papers is

desired. Titles should be sent to Professor Alvin Keyser, chairman

of the program committee. Fort Collins, Colo., stating length of time

required for presentation, and whether a stereopticon is needed. Pro-

fessor Keyser should also be notified if the author expects to be

present himself, or to have the paper presented by some one else and,
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in the latter case, by whom it will be read. Titles should not be

sent unless it is reasonably certain that the paper can be prepared.

If, for any reason, its preparation becomes impossible Professor

Keyser should be notified as soon as that fact is apparent, in order

that it may be known definitely what papers will be actually present

for the program. It is especially desirable to avoid padding the pro-

gram with titles of papers not prepared or not to be present.

INCREASING THE MEMBERSHIP.

Already 43 new members have joined the Society since the first

of the year, making the present membership 327. Usually more

applications for membership are received during the last quarter than

in the three previous quarters of the year, so that the gross increase

should reach at least 100 for the year. A gross increase of only 116

would give a net membership of 400, a goal which should be reached

easily.

Let each member bring the benefits and opportunities of member-

ship in the Society to the attention of at least one non-member im-

mediately on receipt of this issue. A little time given to this will

insure a membership of 400 at the annual meeting in November. The
first three numbers of the Journal will be sent immediately to each

new member. The name and address, accompanied by two dollars in

personal check or other form of remittance for 1913 dues should be

sent to the Secretary. The use of the printed blank for applications is

not necessary but the blanks will be furnished on request, where

desired. It is especially desirable that the younger members enlist the

interest of the young agronomists with whom they are most closely

in contact and who frequently are not familiar with the Society and its

activities. A little personal endeavor on the part of the members will

result in the desirable increase in membership and support for the

Journal.

MEMBERSHIP CHANGES, JULY-SEPTEMBER, 1913.

New Members.

During the vacation quarter only 4 new members have been re-

ceived. This makes a total of 43 during the first three quarters of

the year and places the present membership at 327.

Abbott, John B., Purdue Experiment Station, Lafayette, Ind.

Gericke, W. F., California Experiment Station, Berkeley, Cal.

IsRAELSEX, Orson \V., University Farm, Davis, Cal.

Leighty, C. E., B. p. L, U. S. Dept. Agriculture, Washington, D. C.
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Changed Addresses.

That 1913 is a year of great agronomic activity is shown by the

long lists of changed addresses in each issue. No less than 17 are

recorded below, of which 16 are occasioned by change of position

and location.

Alway, F. J., University Farm, St. Paul, Minn.

Atkinson, Alfred, Experiment Station, Bozeman, Mont.

BouYoucos, Geo. J., Schillerstrasse 56, Gottingen, Germany.

Bull, C. P., National Corn Exposition, Dallas, Texas.

Cardon, p. v., B. p. L, U. S. Dept. of Agric, Washington, D. C.

Carleton, M. a., B. p. I., U. S. Dept. of Agric, Washington, D. C.

Carlyle, Alex., University Farm, St. Paul, Minn.

Chappelear, George W., Miller Manual Labor School, Miller School, Va.

Derr, H. B., Agricultural Adviser, Sikeston, Mo.
Goddard, L. H., Rural Organization Serv., U. S. Dept. of Agric, Washing-

ton, D. C.

Grant, C. J., 956 Neil St., Columbus, Ohio.

Karraker, p. E., Agricultural College, East Lansing, Mich.

Leidigh, a. H., Experiment Station, College Station, Texas.

Lloyd, W. A., B. P. L, U. S. Dept. of Agric, Washington, D. C.

Salmon, Cecil, Experiment Station, Manhattan, Kans.

Slate, W. L., Jr., Experiment Station, Storrs, Conn.

WooDARD, John, Lowry Hall, Columbia, Mo.

NOTES AND NEWS.

Professor L. H. Goddard, of the Ohio Experiment Station, accepted

an appointment with the Rural Organization Service of the U. S.

Department of Agriculture, on August i, where he takes up the in-

vestigation of farmers' business organizations. In the Ohio Station

Professor Goddard was Chief of the Department of Cooperation

which was organized in 1904 to conduct extension work. Since 1910

that department has been making comprehensive agricultural surveys

of the State of which there are already completed a soil survey, a

climatic survey, a historical survey and a survey of cooperative

organizations. The first three of these were made in cooperation

with the U. S. Department of Agriculture. Mr. Goddard was also

state leader in charge of county agent work in cooperation with the

latter Department.

Mr. W. A. Lloyd, assistant cooperator in the Ohio Experiment

Station, has been appointed agriculturist in the Office of Farm
Management, U. S. Department of Agriculture, and placed in charge

of farm management field studies and demonstrations in a portion
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of the North Central States. In addition, he will give some atten-

tion to a historical survey to determine the origin and development

of farming populations, farm crops and live stock throughout the

United States and the relations between the farm population and

farm products.

Dr. Geo. J. Bouyoucos, of the Michigan Experiment Station, has

leave of absence for a year. He spent the summer vacation in a

study of geology on the Mississippi River with Dr. A. C. Trow-

bridge, of the University of Chicago. He is at present taking work

in physical chemistry at the University of Gottingen and will later

take up special work in physics at the University of Paris. He ex-

pects also to study general agricultural conditions in Germany, France,

England, Italy and Greece.

Mr. P. V. Cardon, superintendent of the experiment farm at

Nephi, Utah, conducted cooperatively by the Utah Experiment Sta-

tion and the Office of Cereal Investigations, U. S. Department of

Agriculture, was placed in charge of rotation and tillage experiments

in the Basin and Pacific Coast areas for the latter office on July i.

yiv. Alex. Carlyle, cerealist of the Washington Experiment Sta-

tion at Pullman, resigned August i to take charge of the cereal

nursery at the ^Minnesota Experiment Station.

Professor C. E. Craig, of the Escola de Engenhario, Porto Alegre,

Brazil, writes that he is progressing in the use of the language and

will commence class work in farm crops on July i. The expected

enrollment is about 60 students.

Dr. Paul J. White has resigned his position as agronomist of the

Washington Experiment Station, at Pullman, to accept, it is said,

the presidency of a denominational college in California.

Professor W. L. State, Jr., has resigned as associate professor of

agronomy at the University of Maine to accept the position of pro-

fessor of agronomy in the Connecticut Agricultural College and

agronomist at Storrs Experiment Station, Storrs, Conn.

Professor ]\I. A. Carleton resumed his duties as cerealist in charge

of the Office of Cereal Investigations in the U. S. Department of

Agriculture, on August 16, after an absence of fourteen months as

general manager for the Pennsylvania State Chestnut-Tree Blight

Commission. During his absence the Office of Cereal Investigations
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was directed by Mr. C. R. Ball, who now takes up the investigation

of western wheats.

Professor Alfred Atkinson, who resigned as agronomist of the

Montana Experiment Station and College last May to enter com-

mercial work, was quite ill during midsummer and has resigned from

the company with which he was associated to resume his former posi-

tion at the Montana Station on September i.

Mr. P. E. Karraker, of Missouri University, has been appointed

to the position of research assistant in the Division of Soils of the

Michigan Agricultural College, during the year's leave of absence

granted to Dr. G. J. Bouyoucos.

Mr. H. B. Derr, agronomist in the Office of Cereal Investigations,

U. S. Department of Agriculture, has accepted the position of farm

adviser for Scott County, Mo., with headquarters at Sikeston, and

entered on his new duties September 15.

Professor T. B. Hutcheson, of the department of agronomy of the

Virginia Experiment Station, has accepted a position in the division

of agronomy of the Minnesota College of Agriculture, University

Farm, St. Paul, and began experimental work with farm crops on

September 15.

A. H. Leidigh, formerly assistant in farm crops at the Kansas

Agricultural College, became agronomist in charge of soil improve-

ment at the Texas Experiment Station and substations on September

15, with headquarters at College Station, Tex.

Mr. George W. Chappelear, assistant in agronomy at the Virginia

Agricultural College, has resigned to accept a position in the Miller

Manual Labor School of Albemarle, at Miller School, Va.

Mr. John Woodard has resigned as assistant in soil physics at the

Illinois Experiment Station to accept a research scholarship at the

Missouri Experiment Station, where he will spend the coming year

in graduate study.

Mr. Cecil Salmon, who for the past six years has been in charge

of the work with cereals for the Office of Cereal Investigations on

the Bellefourche Experiment Farm, Newell, S. D., has accepted a

position as assistant agronomist at the Kansas Agricultural College

and Station beginning October i.
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Dr. T. Lyttleton Lyon, chief of the department of soil technology

in Cornell University and Experiment Station, and associate editor,

for soils, of this Journal, departed about September 20 for a four

months' tour abroad. He will visit experiment stations in Germany,

France, Austria and Great Britain.

COMING EVENTS.

Under this caption it is proposed to keep a standing schedule of

coming meetings of various organizations more or less closely con-

nected with agronomy. ' Secretaries of such bodies are invited to

furnish information regarding their meetings.

American Society of Agronomy.

Annual meeting, Washington, D. C., November lo-ii, 1913.

American Association for the Advancement of Science.

Atlanta, Ga., December 28, 1913-January 3, 1914.

American Association of Agricultural Engineers.

Chicago, 111., December 29-31, 1913.

American Association of Farmers' Institute Workers.

Washington, D. C, November 10-12, 1913.

American Farm Management Association.

Washington, D. C, November 14-15, 1913.

Association of Agricultural Colleges and Experiment

Stations.

Washington, D. C, November 12-14, I9i3-

Association of Feed Control Officials.

Washington, D. C, November 17-18, 1913.

Association of Milling Technologists.

Washington, D. C, November 18, 1913.

Association of Official Agricultural Chemists.

Washington, D. C, November 17-19, 1913.
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Association of Official Seed Analysts.

Washington, D. C, November 14-15, 1913.

National Corn Exposition.

Dallas, Texas, February 10-24, 1914.

Society for the Promotion of Agricultural Science.

Washington, D. C, November 11, 1913.
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The agronomist has inherited from his predecessor, the professor

of agriculture or the agriculturist, what is probably the widest field

possessed by any scientific worker. In fact, the field is so broad that

even the term agronomist is likely soon to become obsolete and we

will have the soil expert or the expert in plant breeding and crop pro-

duction. Already in many institutions these specialists now have their

place.

The field of agronomy is so broad that no one would attempt to be

an expert in all the lines of work of¥ered. There is no department

in the college or experiment station which occupies a more important

role in its relation to the practice of farming than does agronomy.

The success of every type of farming is dependent upon proper

agronomic practice. This, combined with good business ability, is the

important factor toward success in dairying, fruit growing, poultry

industry, and, in fact, every type of agriculture. Successful dairying

is only in part a matter of devising balanced rations and proper feed-

ing of the dairy cow, but it is just as largely a matter of economic

crop production, proper soil management, economy and wisdom in

the use of fertilizers. While the spectacular part of fruit growing

^ Presidential Address, Sixth Annual Meeting, Washington, D. C, Novem-
ber II, 1913.
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consists in the spraying and pruning, yet success is just as dependent

upon soil, tillage, and fertilizers. So, every type of farming is de-

pendent upon the knowledge and practice of correct principles in

agronomy.

The farmer has not always given the consideration to the instruc-

tion prepared for him which it has seemed that he should have given.

He has received bulletins giving instruction as to proper methods of

soil manipulation for the growth of crops ; he has been instructed in

the use of fertilizers, but this instruction has in a large measure

failed to influence the farmer in his actual farm practice. This does

not mean that the instruction has been faulty, neither does it mean

that the farmer is necessarily an ignoramus, but it does mean that

the instruction has not reached the farmer in such a vital, convincing

way that he has been willing to change his practice of years and

adopt it.

As I look over the reports of this society, and when I have attended

the meetings in previous years, I have noticed a lack of consideration

of those problems which vitally and immediately interest the farmer.

As an agronomist and as a teacher of agronomy, I have endeavored

to glean from the papers and discussions information which would

be of service to me in the class room, in the training of students whom
I believed for the most part would return to their farms. If any of

you have attempted the same thing I will leave it for you to say just

how much you have been able to carry home with you and make

use of in your work. The instructors of agronomy are not taking

the place on the programs of this society that the importance of their

work warrants. We should never lose sight of the fact that, if our

work in agronomy possesses any value whatever, it possesses this

value because of its ability to influence farming for the better. Un-

less, as a result of our research work and our teaching, better agri-

cultural methods are to be practiced and unless the results of our

work are actually put to the test in the field with good results, then

of what use are we as agronomists?

We find that we must have in the field of agronomy various types

of workers. There must be the pure-scientific-research man, and he

is frequently referred to as being interested in science for science's

sake." His problems may seem to be independent of any practical

relation to farming; his work may be entirely confined to his labora-

tory, with never a thought of its application in the field, and yet the

result of his work may be most far reaching and may revolutionize

agricultural practice. This type of worker must be liberally sup-
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ported. It is not the type of work which appeals to the popular fancy,

which appeals to the man who is working for quick results and for a

write-up in the popular magazines with startling illustrations, but it

is the type of work for a man who is willing to devote his life in

determining a few principles in relation to soils or crops, with the

hope that possibly some of these principles established may be of

value to his fellow men.

Another type of work is that which relates to the more popular

investigations, as tests of varieties, fertilizer tests, and a considera-

tion of those problems which are usually termed the practical ones.

Whether they are practical or not no one seems yet to have deter-

mined. While this line of experiments may appeal to the popular

fancy, while it may provide objects at which the visitors at the

college or station may gaze in wonder and admiration, yet it is

questionable whether the results thus secured have any general or

wide application. The problems are for the most part local or

regional in their nature and possess chief value in the immediate

locality where the experiment is conducted. The agronomist who
is really a research man is no longer satisfied to be engaged merely in

this type of experiment. It is not without value; it must be con-

tinued, but it is rather a part of the demonstration work of the

institution than a part of research work.

The points of contact between the research agronomist and the

farmer are through the bulletins and the press, through lectures and

demonstrations. It is often the case that the very best research man
makes the very poorest type of man to present the result of his

research to the farmer. This is the work of the instructor and the

demonstrator rather than of the research man. He is seeking facts

and may not be primarily interested as to how these facts are pre-

sented to the farmer, or whether or not the farmer may profit by

them, but the instructor in agronomy should be vitally interested in

this matter of reaching the farmer.

We shall not here discuss the relative merits of these different

means by which the research man comes in contact with the farmer.

It is possible that through the agricultural press more farmers have

been reached than by any other single means. Efficiency in carrying

the work to the farmer will be discussed later.

The instructor in agronomy has a field of work which should prove

especially attractive. No other department of instruction is so vitall)

related to the prosperity and welfare of our population as a whole.

Upon the success of his work in a large part depends the main-

tenance of the permanently successful and profitable agriculture.
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While the successful instructor will always be an investigator, yet

it should not be expected that he should do any considerable research

work, because research work and instruction do not harness up well

together. " Ye cannot serve two masters."

The original idea of the agricultural college was that the practice

of farming would be influenced by the instruction given to the young

men who came to the college as students. The teacher of agronomy

has been endeavoring to modify and direct agricultural practice

through the students whom he has met in his class room. We have

recognized that in training these students we were training leaders.

As a matter of fact, we have been so busy in training leaders that

we have sometimes lost sight of the real mission of the agricultural

college. The trouble has been that these leaders we have trained

have been so generally led away from the farm that we have had to

do the work all over again and then with the same result.

The greatest discovery in agriculture in recent times has been the

farmer on his farm, and we have now come to recognize that it is

our duty to do something more than train leaders; that we must

actually train the man who is to be led. In military science and

tactics it is well recognized that we must not only have trained

officers but, in order to have an efifective fighting machine, the men
in line must undergo rigid training in order to be able to follow the

leader. This is just as true in the agricultural world as in the mili-

tary. A considerable amount of training is required in order to be a

good follower.

In recent years the instructor in agronomy has had his equipment

wonderfully improved. He is now provided with a well-equipped

laboratory for soil physics, for farm crop work, and specimens of

everything needful are easily secured. The most important equip-

ment, however, for proper instruction in agronomy is a farm field

where the students may actually manipulate the soil and where the

principles of modern farm practice may be not only illustrated but

actually performed by the students themselves. Too many graduates

from our agricultural colleges have gone out into the world with only

.•a class room and laboratory knowledge of actual farming, and yet if

these men are to take their place among the ranks of farmers, or if

they are really to become leaders in the farming community, it is

important that they should have had actual practical training in the

fields.

Some institutions get this training for their students by requiring

them to spend one or two of their summer vacations at actual work
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on a farm. This is good but it only in part meets the requirements.

The laboratory field as a part of the agronomy equipment will give

students an opportunity to work under the eye of a trained instructor.

The relative merits of different types of work might be explained and

illustrated and the knowledge and experience thus gained would com-

pare favorably with other laboratory work in the institution.

A course in agronomy should be progressive in its nature. The

work in agronomy should begin in the freshman year and through the

succeeding years we should have a large amount of follow-up work.

It is probable that if this plan could be worked out some of our

teaching in agronomy might be considerably modified. If the stu-

dents after making their selections of seed corn one year could actually

follow this work up the next year and plant the corn thus selected,

carrying out the one-half-ear-to-the-row test, we might modify our

notions to a considerable extent as to what qualities should be pos-

sessed by the prize ear of corn. If the class of students could be

taken into the potato field in the fall and be given experience in

actually selecting the prolific hills, and then the next spring could fit

the soil, fertilize it, and plant these individual hills and care for the

crop through the season, it would give them a knowledge of potato

growing which can not be imparted merely by lectures in the class

room.

It is difficult to establish a clear line of demarcation between the

field of the agronomist and that of various other departments of in-

struction. It seems to be necessary for the agronomist to do whatever

is not done in some other department if the thing is necessary in

order to secure results. While to the department of farm me-

chanics might belong the adjustment of the plow, yet if there is no

department of farm mechanics this work must be done by the agron-

omist because proper plow adjustment is an important consideration

in securing good results and this is of vital interest in agronomy.

We need in some way to standardize our instruction in agronomy

more than has been done. As I have attended various corn exposi-

tions and have seen the judges award the prizes and have even at

times been guilty of this thing myself, I have wished that we had some

plan of knowing that the samples of corn to which we awarded the

prizes are the best samples exhibited. Certain it is that where

follow-up tests have been made and the champion ears have been

tested as to producing power in actual competition with less favored

ears, the champions have failed to show the actual possession of the

qualities which they were expected to possess. I fear our judging of
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corn has been very much after the type of the " baby shows " where

the pretty baby with the pleasant smile and the attractive dimple

caught the judge's eye and was awarded the prize.

I have watched competing teams of students in their work of corn

judging and from the widely varying opinions which they have ex-

pressed, it has seemed to me that the instructors of these students

ought to get together and decide on some standard for corn judging.

I know that the score card is the generally accepted standard but

the interpretation of that score card is another matter. It is my
opinion that the instructors of corn judging in our various agricultural

colleges would show as wide variation in their awards on samples

of corn as is shown by the students in their competitive work. In

some way measures should be taken to remedy this.

If our only means of reaching the farmer and influencing him was

through the students in the class room our influence upon actual

farming conditions would, indeed, be small, but by means of the

agricultural press and the extension school and the farmers' institutes,

and the field demonstration, and the bulletin and circular we have

means of reaching the farmer which seem tO' be more eflioient.

It is diflicult to explain why the farmer does not accept more

readily the advice of the agronomist and actually put into practice

the methods advised. The potato expert has recommended level

tillage for years and yet the potato growers continue to hill them as

high as ever. We have preached the selection of seed corn in the

field and have advocated the germination test, and yet as we study

the figures of corn yield in the United States we can not help but

wonder what the yield would have been if all this instruction had not

been given.

For the ten-year period from 1870-79 inclusive the yield of corn

per acre in the United States was 27.1 bushels. The average for the

three-year period of 1910, 1911 and 1912 was 27. The average for

the ten-year period of 1900-09 inclusive was 26 bushels. Certainly

the figures do not show that we have made great progress. The
fact is, we are just about holding our own in crop yield per acre in the

United States. To be sure this may be considered as creditable, for

after 40 years of crops our soils are now yielding as much per acre

as formerly.

What is true of corn is equally true of our other important crops.

The average yield of wheat per acre for the ten-year period 1870-79

inclusive was 12 'bushels. The average for the ten-year period of

1900-09 was 14 bushels. The average of oats for 1870-79 was 28
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bushels and for 1900-09, 29 bushels, a gain of a bushel to the acre.

Of barley, from 1870-79, 22 bushels and from 1900-09, 25 bushels.

Rye has increased from 14 to 16 bushels. Potatoes have increased

from 87 to 91 and hay from 1.23 tons to 1.44 tons.

This record is nothing to be proud of. When we study these figures

we wonder what has become of the immense increase in corn of

millions of bushels in a single state, brought about through the in-

structions of one man, and yet the figures for corn yield in that state,

as shown in the Census Reports and the Bureau of Statistics of the

Department of Agriculture fail to show any increase.

There are several reasons why the farmer has not profited more by

the instructions of the agronomist. This instruction has often failed

to take into consideration the local conditions by which the farmer

is surrounded. Practice must be modified by climatic and soil condi-

tions, by the capital which the farmer has available, by his market

demands, and by other features which are local in their nature.

Unless these facts are taken into consideration it is possible that the

instruction given may utterly fail to apply to the situation.

A college professor submitted to me for examination a letter he

had written answering certain questions a farmer had submitted to

him. After reading the replies to the questions, I asked the college

man if he were on a farm where every dollar of income must come

from that farm, where the capital is limited and where the labor

supply available is always below the demand, if he would do what he

had advised that farmer to do. He answered promptly that he would

not and took the letter and revised it, and I hope he brought it nearer

to meeting the needs of that farmer than it was before.

This illustrates the point I wish to bring out ; that in the rapid dicta-

tion of letters to a stenographer we sometimes fail to appreciate the

conditions by which the farmer is surrounded, his lack of capital, his

labor conditions, and thus our advice to him fails to meet the situa-

tion, and after reading the letter the farmer has his same old opinion

about "book farming."

We have all felt the importance of reaching the farmer in such a

way that we could actually influence and modify and improve farm

practice, but until recently no method seems to have been discovered

by which this has been accomplished effectively. We have possibly

wondered why the farmer adjoining the model agricultural college

and experiment station farm has not taken note of the splendid crops

which were being grown on those farms and has not improved his own
farm practice.
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Some in their efforts to reach the farmer have advocated establish-

ing model farms in every county or possibly in every town which

should be under the immediate direction or supervision of the state

college or experiment station. I fear the results from these model

farms will be not particularly different from the influence of the

college farm. The practice in the immediate neighborhood is not

likely to be influenced and the same old statements will be made as

have been made in the past, ''If we had the state to back us financially

we could do as well."

The most effective means of carrying information to the farmer

yet discovered seems to be through the demonstrator, located in a

section sufliciently small so that he may become intimately acquainted

with the methods practiced, both good and bad, and with the local

conditions as they affect the agriculture of the community. Through

this local demonstrator the college and experiment station man may
carry his ideas to the farmer more effectively than ever before. The
research man who wishes his experiments duplicated under actual

farming conditions can have this work done under the direction and

supervision of the demonstrator, who will make frequent visits to

the farmer in charge and see that the work is properly performed and

duly reported upon.

There is something in the personal contact of the expert with the

farmer which seems to bring results. If the college and experiment

station men had time for this personal work with the farmer they

could certainly accomplish wonderful results, but as their time must

largely be spent at the local institution, the field demonstrator must

act as their representative and in doing this work he is proving a most

effective agent.

During the summer of 1913 we endeavored to determine just how
effective is the work of the demonstrator. The demonstrator whose

work was surveyed had been employed for three and a half years.

While his work had largely been in one county, yet considerable time

had been spent in adjoining counties. 774 farmers were interviewed

in our survey. Of this number we found that 22 percent had actually

met and received personal advice from the county agent. Of these

who had met him 86 percent were actually following his instructions in

connection with their farming. Of the total number of farmers inter-

viewed 19 percent had received personal letters from the county

agent and of these 70 percent were actually practicing the advice which

had been given to them. 40 percent of the to1;al number interviewed

had either personally or by letter been in touch with the county agent
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and of these 8i percent were actually following his instruction. Of
those farmers visited who knew of the county agent only through

newspaper articles or general circulars 28 percent are actually follow-

ing instructions so received. Of all the farmers visited in the survey,

774, 40 percent of them actually acknowledge that they have been

influenced in their farming through the advice of the county agent.

When it is considered that this work has been accomplished in a

period of less than four years, I ask you to compare it for efficiency in

reaching the farmer with the work of our agricultural colleges during

more than 50 years, and with the work of our experiment stations

during nearly 30 years. In the states where the plan of the local

adviser or county agent has been most completely developed, the

college and station men are finding a means of cooperation with the

farmers more satisfactory and more efficient than they have ever

found before.

The training of these county men must be done at our agricultural

colleges, and in this training we are throwing upon our instructors of

agronomy one of the greatest and most far reaching lines of work

they have yet attempted. They must constantly keep in mind that

the instruction that is being given in the class room and laboratory is

instruction which later on is possibly going to be given to the 3,000 or

5,000 farmers in a community. The work of the local demonstrator

is going to succeed or fail just to the extent that we are able to

secure properly trained men for the work. Unless this training is

given at our agricultural colleges it can not be done anywhere.

The reason why the farmer has not been more influenced by our

instruction in agronomy is the fact that we have not been particular

enough in ascertaining his local conditions. If every teacher of

agronomy could close his desk at the beginning of farm work in the

spring, pack his grip, and actually go out and work on a farm during

the summer, there is a lot of information he might gain. This, of

course, is hardly to be expected, but there should be established reci-

procal relations between the instructor and the farmer. We have

rather considered that the giving of information was all on one side

and that the farmer was the recipient, but there is a vast source of

information possessed by our farmers which it would be well if our

teachers of agronomy could in some way acquire. The man who for

twenty or more years has been able to make his living from the soil,

has fought blight and insect pests, has conquered the acid soil and

the amceba, and has continued to make one blade of grass grow where

one grew before, is worthy of our respect and consideration. Could
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we but get him to give us the benefit of his experience we would often

find a lesson worth while.

We have taught that, for the maintenance of soil fertility, hay

should never be sold from the farm but should all be fed to live stock

kept on the farm. As the result of this instruction, many a farmer

has been a slave to the dairy cow because his pride has been in main-

taining his soil fertility, and yet when we find farmers who for more

than thirty years have not kept stock on their place and have not

applied stable manure on the land, but yet by the use of lime, com-

mercial fertilizers, green manuring crops, and proper rotation and

tillage have not only maintained but have increased the producing

powers of their soil, we are almost compelled to modify somewhat our

teaching with reference to the feeding of hay to live stock on the

farm.

Recently I heard an agronomist state that for years he had abused

the farmers of his state because of their methods of growing wheat.

The farmers were courteous, took his abuse kindly, received him

courteously at all of their meetings, gave strict attention to him when
he lectured, but kept right on growing wheat in the same old way.

Recently this agronomist has learned that those farmers were right

and that he was wrong.

Where the fixed practice of a community is at variance with our

notions of what is right practice, it is well for us to make a very

thorough study of conditions in that community before we attempt to

modify the practice. Successful farm practice is in every case based

upon correct scientific principles, and where there is an apparent vari-

ance, the probability is that our understanding of the principles is

wrong but that the practice is right.

Let us then develop the field laboratory for student work; let us

make use of this local demonstrator or county agent; let us study suc-

cessful farm practice and hitch it up with our laboratory and class-

room instruction, and by so doing we will not only save ourselves but

save others.
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THE PROGRESSIVE DEVELOPMENT OF THE WHEAT
KERNEL.^

R. W. Thatcher,

College of Agriculture, University of Minnesota, St. Paul, Minn.

The changes in chemical composition of the wheat kernel during

its development and ripening have been repeatedly studied during the

past fifty or sixty years. It would seem that because of the large

volume and frequent repetitions of this work, little could be added to

our knowledge of the subject by further investigations along this line.

But with improved conceptions of research methods, refined analytical

methods, and, more particularly, better understanding of the necessi-

ties in the sampling of growing crops for analysis, there are opportuni-

ties for the confirmation of conclusions from former, cruder studies,

and for clearing up uncertain results. Because of these improve-

ments in research methods, it seemed desirable to include a new

study of the progressive development of the wheat kernel in the

studies of the influence of environmental factors upon composition of

wheat which are in progress at the Minnesota Experiment Station.

This article is a report of the results obtained during the summer of

1913, in this study.

Historical Review.

The earlier investigations of this subject dealt chiefly with the

composition of the wheat crop as an indication of its requirement of

plant food, as a basis for fertilizing the soil in such a way as to

secure the greatest possible yield of the crop. Later investigators

made careful studies of the composition of the wheat kernel, with a

view to determining its food value. The more recent studies have

dealt chiefly with the composition of the grain as affecting its milling

value and the baking qualities of the flour which might be made
from it.

Among the first reports of investigations of this sort, is Pierre's

Recherches experimentale sur le developpement du ble.^ His con-

clusions were that the life of the wheat plant (and all similar herbace-

ous plants) may be sharply divided into two parts, in the first of which

it elaborates the constituents which, during the second stage, it trans-

^ Presented at the Sixth Annual Meeting, Washington, D. C, November, 1913.

- Mem. Soc. Linneenne de Normandie, XV (1869), i, 220.
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locates to the kernel. Deherain and his co-workers, whose work is

summarized in an article entitled Recherches sur le developpement du

ble,^ conclude, however, that wheat increases its weight of dry matter

up to the time of harvest; the increase being in the starch and cellu-

lose, the nitrogenous matter and mineral matter remaining stationary

during the last two months of growth.

Kornicke and Werner in their Handbuch des Getreidebaues* and

Kornicke in his Die Arten und Varietaten des Getreide^ review the

earlier German work in this field and come to the general conclusion

that the percentage of nitrogenous and mineral matter in the wheat

kernel diminishes as the plant matures, while the percentage of carbo-

hydrates increases, but that the absolute amount of all these con-

stituents increases up to the time of maturity. Later analyses by

Nedokutschajew,® using improved analytical methods, led him to

the conclusion that wheat shows an almost uniform decrease in per-

centage of nitrogenous matter as the wheat develops and ripens.

Liebscher^ and Adorjan^ divided the growth of the wheat plant into

separate periods and studied the absorption of plant food during these

periods. They came to the conclusion that nitrogen assimilation

reaches its maximum at blooming time and proceeds more slowly

thereafter.

In the United States, Kedzie made an extended series of analyses

of wheat at successive stages of growth in 1879,*^ and repeated the

work more carefully in 1892.^*^ His results, expressed in percentages,

show a fairly regular decrease in the percentage of nitrogen and of

ash from the first formation of the kernel until it is mature. The

decrease in percentage of nitrogen was much more rapid in the earlier

than in the later stages of growth. Teller^^ carried out a similar

series of studies, with similar results, except that he found an increase

in the percentages of nitrogen and ash in the last ten-day period.

The investigations thus briefly reviewed led to the general opinion

that during the latter part of the life of the wheat plant the manu-

facture of new material nearly ceases and that the chief activity of the

3 Ann. Agronomique, 8 (1882), 23-43.

* Berlin, 1884.

Berlin, 1885.

«Landw. Vers. Stat., 56 (1902), 303-310.

7 Jour, fur Landw., 35 (1887).

8 Ibid., 50 (1902), 193-223.

» Mich. Bd. Agr. Report, 1881-2, 233-239.

i«Mich. Exp. Sta. Bull., loi (1893).

11 Ark. Exp. Sta. Bull., 53 (1898).
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plant at this time consists in the translocation of manufactured ma-

terial from the stems and leaves to the kernels. Humphries and

Biffen/- however, after a review of the earlier investigations and a

study of the wheats grown in England, concluded that wheat when
cut at an early date gave no stronger flour than that obtained from

the same grain if allowed to fully mature. This conclusion, being at

variance with the generally accepted belief, led Miss Brenchley and

Director Hall at the Rothamsted Experiment Station to undertake a

critical review of the entire question of the progressive development

of wheat, both from the standpoint of its morphological characters

and its chemical composition. The report of their work^^ is of large

interest and importance, since it points out clearly two facts which

have not previously been sufficiently emphasized : namely, the difli-

culty of sampling the growing crop in such a way that the samples

taken shall actually represent the progressive stages of development

of the same kind of grain, and second, the value of presenting the

analytical results in terms of actual weight of material accumulated

instead of as percentage composition of the grain at each successive

interval. With reference to the latter point it may be said that the

percentage composition of the grain at each successive period is a

matter of interest as giving information concerning the probable

milling value of the wheat at these stages ; but it is only possible to

trace the actual development of the wheat grains by computing the

quantity of material which is gained by the kernel during each suc-

<:essive period of growth.

The results of the study by Brenchley and Hall led them to the

conclusion that " For the filling of the endosperm each plant possesses,

as it were, a special mould, and continually moves into the grain uni-

form material cast in that mould, possessing always the same ratio of

nitrogenous to non-nitrogenous materials and ash. The character of

the mould possessed by each plant is determined by variety, soil,

season, etc."

Experimental Work.

Our results, secured at the Washington Experiment Station, and

reported at the last annual meeting of this society (later published as

^ part of the Report of the Investigations Concerning the Chemical

Composition of Wheat^^ made at that Station) demonstrated that the

<:hemical composition of the resultant wheat kernel may be definitely

12 Jour. Agr. Sci., 2 (1907), i-i7-

13 Ibid., 3 (1909), 195-217-

inVash. Exp. Sta. Bull., in (1913), 42-46.
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correlated with the length of time required for the development and

ripening of the grain ; the percentage of nitrogen in the grain varying

inversely with the length of this period. This fact seemed to us to be

somewhat in conflict with the conclusion of Brenchley and Hall

quoted in the preceding paragraph. Their view seemed also to be

in opposition to the conclusions of Deherain and Dupont^^ that car-

bohydrate manufacture might continue in the upper stems of the

plant and the resulting material be translocated to the kernel after the

elaboration of protein substances had practically ceased.

For these reasons it seemed desirable to us to repeat the work of

Brenchley and Hall this season at the Minnesota Experiment Station,

with special care in the taking of the samples to see that they were

actually representative of the general composition of the crop at its

successive stages of development, using both a spring and a winter

variety of wheat, in order that the grain of these two varieties might

be at different stages of growth on the same day and under identical

climatic conditions. In other words, we wish to eliminate the possible

different effect of environmental influences upon the grain at different

stages of its development by sampling the different varieties which

would be at different stages of development, on the same day.

Accordingly, on June 23, 191 3, we tagged several hundred stalks

in a fairly uniform plot of Turkey wheat, on each of which the spike

was in the same stage of blossoming. The stalks were tagged by

attaching to them an ordinary small price-marking tag. Similarly,

nearly two thousand stalks of Bluestem wheat growing in a uniform

plot, and each showing its first pair of yellow anthers, were tagged, on

June 30.

Occasional examination of the kernels in the tagged spikes showed

that it required just about one week from the time of tagging for the

kernels to develop sufficiently so that they could be fairly easily sepa-

rated from the surrounding envelopes. Accordingly, the first sample

from each lot was taken seven or eight days after the stalks were

tagged. After that samples were taken twice each week, at three-

day and four-day intervals respectively, and at the same hour of the

day each time. This care in sampling was practiced in order that the

gain in material of the kernels per unit of time (24 hours) in each

period could be computed and compared.

As soon as the samples were cut, they were taken to the laboratory,

the spikes clipped off from the stems and immediately placed in a

water-jacketed oven and dried until the kernels could be easily

^'^Ann. Agronomique, 28 (1902), 522.
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thrashed out. The grain was then thrashed out by hand and care-

fully freed from all particles of chaff, straw, etc. The kernels were

then counted and weighed. The sample was immediately ground, as

in the usual preparation for analysis, and a subsample re-dried to

constant weight in a water oven. From these data the actual average

weight of dry matter per kernel at each successive stage of growth was
calculated and the gain in materials during the period determined.

By dividing this gain by the number of days since the last sample

was taken, the gain per day was ascertained.

In analyzing the samples, the usual methods were pursued for the

determination of ash, ether extract, fiber, and protein (using the factor

5.7 for calculation of nitrogen to protein). In addition to these,

starch was determined by the diastase hydrolysis method, water-

soluble nitrogen by the method used by Rosseaux,^^ and alcohol-

soluble nitrogen by the modification of the usual method w^orked out

by Greaves.^' The percentages of starch were deducted from the

figures usually reported as nitrogen-free extract " and the remainder

recorded as " pentosans, etc."

The results of the analyses, calculated to the moisture-free basis,

are shown in Table I.

Table I.

—

Analyses of Sample Kernels of Turkey and Bluestem Wheats Cut
at Successive Stages of Development.

No. Date of
Cutting.

Percentage Composition of the Dry Matter.

Ash.
Protein

{NXS.I).
Ether

Extrapt. Fiber. Starch.
Pentosans,

etc.

Turkey:
2029 June 30 2.95 13-87 3-56 4-95 41.42 33-25
2030 July 5 2.43 11-59 3-45 5-16 57-39 19-98
2031 July 8 2.43 10.90 2.89 5-25 60.02 18.51
2032 July 12 2.46 10.92 2.67 4.80 60.95 18.20

2033 July 15 2.44 11-34 2.64 4-36 62.56 16.66
2034 July 19 2.41 12 35 2.71 4.42 61.31 16.80

Bluestem:

2035 July 8 3.22 14.90 3-74 6.43 44-41 27.30
2036 July 12 2.68 14.26 3.62 6.39 48.30 24-75
2037 July IS 2.74 14.07 3-36 6.25 52-52 21.06
2038 July 19 2.51 14.64 3.13 5-29 53-11 21.32
2039 July 22 2.42 14-93 3-08 5-22 55-42 18.93
2040 July 26 2.53 15-73 3-15 4.99 56.03 17-57
2041 July 29 2.35 16.06 2.51 4-75 58.10 16.23
2042 Aug. 3 2.35 16.25 2-49 4.98 58.96 14.27

These results show a fairly regular decrease in percentage of

mineral matter, ether extract, and fiber as the kernels develop. The

^6 Ann. des Falsificatigns, 6 (1913), 78-84.

17 Univ. Cal. Pub. in Physiology, 4 (1911), No. 6, 31-74.
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percentage of protein, in both varieties, decreased during the earHer

periods of growth and later increased again, as has been occasionally

observed by other investigators. The increase in percentage of pro-

tein in the Bluestem wheat began at an earlier period of development

than we have ever observed before or have been able to find recorded

in any of the previously reported analyses. An attempt was made

to find a cause for this in some unusual weather conditions of the

month of July. But a careful study of the meteorological records

and a parallel plotting of the curves for the change in chemical com-

position of the grain, for the evaporation of moisture from a free

water surface and for the percentage of possible sunshine (which

might be supposed to represent the factors influencing transpiration

and photosynthesis in the plants) failed to reveal any indication of

any connection between this apparently unusual phenomenon in the

change in protein content and the weather conditions for the month.

The proportion of the carbohydrate material in the kernels which

was hydrolyzable by diastase (the so-called ''true-starch'') was very

low at first, but rose rapidly as the endosperm filled. So far as we
are aware, no serious attempt has yet been made to ascertain what

the exact nature of the non-hydrolyzable, nitrogen-free material of the

wheat kernel is. The fact that there are large percentages present,

in the very immature grain, would seem to indicate the possibility of

a fertile field of investigation of the nature of these substances and

their effect upon " baking strength," or milling values. We are in-

augurating such a study at the Minnesota Station.

Table II.

—

Actual Weights in Milligrams of Material Per Kernel of Turkey

and Bluestem Wheats at Successive Stages of Development.

No. Date of
Cutting.

Weight per Kernel.

Ash.
Protein

{NX5-7)-
Ether

Extract. Fiber. Starch.
Pentosans,

etc.

Dry
Matter.

Turkey:

2029 June 30 0.20 0.94 0.24 0.34 2.81 2.26 6.79

2030 July 5 0.37 1.76 0.52 0.78 8.72 3-05 15.20

2031 July 8 0.46 2.07 0.55 1.00 11.38 3-51 18.97

2032 July 12 0.59 2.62 0.64 1. 15 14.63 4-33 23.96

2033 July 15 0.68 3-16 0.73 1. 21 17.41 4-65 27.84

2034 July 19 0.73 3-73 0.82 1-34 18.50 5-05 30.17

Bluestem:

2035 July 8 0.19 0.87 0.22 0.37 2.58 1.58 5.81

2036 July 12 0.27 1-43 0.36 0.64 4.86 2.50 10.06

2037 July 15 0.41 2.09 0.50 0.93 7.81 3-14 14.88

2038 July 19 0.46 2.66 0.57 0.96 9-65 3.87 18.17

2039 July 22 0.51 317 0.66 I. II 11.78 4-03 21.26

2040 July 26 0.61 3-79 0.76 1.20 1350 4.24 24.10

2041 July 29 0.68 4.68 0.73 1-39 16.95 4-74 29.17

2042 AuK. 3 0.68 4-74 0.72 1.44 17.16 4-38 29.12
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Fk;. 13.—Composition of kernels of Turkey wheat at successive stages in growth.
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The actual average weight of each of these classes of materials in

each kernel was then computed, in order to show the progressive

development of the grain. The results of these computations are

shown in Table II.

These figures show, at a glance, that regardless of the variations in

percentages produced by variations in the relative rate of gain of the

several constituents, there is a steady gain in the actual amount of

each of these materials in the kernel throughout the period of kernel-

formation. The last sample of Bluestem wheat shows no material

gain over the preceding one, the grain evidently having been practically

fully matured on July 29, although some slight green color was still

to be observed in the upper stems at the time when the sample was
cut.

The relative amount of each class of material in the kernels is

represented graphically in Figs. 13 and 14.

A study of these figures shows that the actual amount of each

class of material in the kernels increased fairly regularly throughout

the period of kernel-formation, but that the relative increase was
greatest in the quantity of carbohydrate materials.

Table III.

—

Gain in Milligrams of Materials in Each Kernel of Turkey and
Bluestem Wheats Per Day.

Period. Ash. Protein.

1

Carbohydrates.'

Ratio
Carbohydrates

Protein

Turkey:
First sample 6/30 0.20 0.94 5-41 5-8

6/30-7/5 0.034 0.164 1.428 8.7

7/5 -7/8 0.030 0.103 1. 113 10.8

7/8 -7/12 0.033 0.138 1-055 7.7

7/12-7/15 0.030 0.180 1033 5-7

7/15-7/19 0.012 0.162 0.043 2.7

Bluestem:

First sample 7/8 0.19 0.87 4-51 5.2

7/8 -7/12 0.020 0.140 0.863 6.2

7/12-7/15 0.046 0.220 1.293 5.9

7/15-7/19 0.012 0.142 0.750 5-3

7/19-7/22 0.017 0.170 0.813 4.8

7/22-7/26 0.025 o.iSS 0.505 3-3

7/26-7/29 0.023 0.290 1.360 4.6

It became a matter of interest, then, to determine whether the

statement by Brenchley and Hall that the plant " continually moves

into the grain uniform material . . . possessing always the same
ratio of nitrogenous to non-nitrogenous materials and ash " is sub-

stantiated by our results. We, therefore, calculated the amount of
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actual gain in material of the average kernel, per day, with the results

shown in Table III.

These data are surprising. On this account, we prefer to regard

them as a progress report, subject to later confirmation or modification

of the conclusions to be drawn from them. It appears to be quite

clear that the composition of the kernel when it is first formed, called

by Brenchley and Hall the " mould," is more highly nitrogenous than

the material which is moved into it, at least during the earlier stages

of the filling-in of the endosperm. But the ratio of carbohydrates to

protein in the material gained by the kernels in the later periods of

endosperm-filling seems to be lower than at earlier periods, just the

reverse of our former ideas based upon general conceptions of plant

physiological processes and the quantitative work of Deherain and

Dupont.

Whether there is actually an increase in the ratio of nitrogenous

to carbohydrate matter in the material entering the kernel during the

later stages of its formation, or whether there are rapid respiratory

activities during the later periods, resulting in the destruction of some

of the stored carbohydrates and consequently an apparent decrease

in the carbohydrate material gained by the kernel, can only be de-

termined by careful study of respiratory activities, which we hope to

be able to make.

It appears from the progress of our work thus far, that the real

facts with reference to the conflicting opinions mentioned above are

probably as follows

:

Pericarp material, which in the first stages of development con-

stitutes a comparatively large proportion of the kernel, is probably

relatively richer in protein than is endosperm material. Hence, any

condition which results in increased proportion of endosperm in the

kernel is likely to produce low-protein grain.

Whether or no the endosperm material which goes into the kernel

at successive stages of development is uniform in composition

throughout kernel-filling (as suggested by Brenchley and Hall) or is

relatively richer in carbohydrate during later stages of development

(as generally believed, and apparently supported by the work of

Deherain and Dupont) or is relatively richer in protein just at the

last periods of development (as apparently indicated by Teller's

results and the data presented in this report) can only be determined

by future analyses of the endosperm material alone (flour) rather

than of the whole kernel. Such studies we propose to undertake

this coming season.
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I'"i<;. 2.^Drifts of dirt in a furmstead, Thomas County, Kansas, May 2.S, 1913.
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Whether the increase in ratio of protein to carbohydrate materials

in the kernel, which has been observed by several investigators to

occur just at the last stages of kernel formation before final desicca-

tion, is due to decrease in carbohydrates by respiratory changes or to

an actual increase in the proportion of protein material going into

the endosperm, also needs further investigation.

MANAGEMENT OF SOILS TO PREVENT BLOWING.

W. yi. Jardine,

Kansas Experiment Station, Manhattan, Kan.

One of the greatest drawbacks to farming in much of the Great

Plains area lying west of the looth meridian, and extending from

Texas into Canada, is the severe windstorms which occur almost

annually during the transition period between winter and spring.

These windstorms are often very destructive to cultivated fields,

causing the soil to blow and drift, unless it is properly handled. As
long as most of the land was in grass, and that which was under

cultivation retained its virgin qualities, the destructiveness of winds

of high velocity was less apparent. Each succeeding year, however,

as more land has been brought into cultivation and as the soils

longest farmed have begun to show the efifects of shallow plowing

and continuous cropping to wheat, soil drifting has become a factor

to be reckoned with in planning a system of crop farming.

The past four years in western Kansas have been unusually dry

and windstorms, frequent and severe, have caused serious cases of

soil blowing. The appearance of such a storm is shown in PI. IV,

Fig. I. In the Colby district of northwestern Kansas a tract of 65,000

acres of wheat land has been denuded of vegetation, practically de-

populated, and left a sea of shifting, drifting soils (PI. IV, Fig. 2).

Many other local areas in the western third of the state have suffered

in a similar manner, but less severely. The information shown in

Table I gives an idea of the frequency and velocity of windstorms

throughout the year for the past six years, at Dodge City, Kansas,

taken from the records of the U. S. Weather Bureau.

The last two columns of the table show the total number of times

the wind exceeded twenty miles per hour, during each month for the

past six years, and also the maximum velocity of the wind during
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each month of ithis period. The character of the wind at Dodge City

Table I.

—

Showing the Number of Times the Wind Velocity Exceeded 20 Miles

per Hour and Maximum Velocity in Each Month and Year for the

Six Years, 1907-1912, Inclusive, at Dodge City, Kansas.^

January. .

February

.

March. . . ,

April

May
June
July
August. . .

September

,

October. . .

November

.

December

.

1907 1908 1910 1911 1912 Six-Year
Period.

86

84
96
116

124
113

90
82

91

87

65

83

45
58

53
51

52

42
46

45
40

44
48
48

Total

,

159 189 182 194 • • 207i 186 1,117

can be considered as representative of western Kansas and most of the

southwestern Great Plains area. It will be observed that during the

months of April, May and June, winds occurred having a velocity ex-

ceeding fifty-one miles per hour. It is these winds that do the

damage, although winds blowing at the rate of twenty miles frequently

cause unprotected soil to blow.

The soils in western Kansas are similar to those of most of the

Great Plains area. They vary generally from a heavy clay loam to a

light silty loam. The Colby soil is a light silty loam. It is not always

the soil of lightest character that blows the most readily. Even a

heavy clay coil, if left smooth and fallow through the spring months,

when the winds are most severe, will blow considerably. Land that

is summer fallowed, especially when the surface is kept well tilled and

pulverized, affords the most ideal condition for blowing, yet most of

the land in western Kansas that has suffered from blowing during

the past three years is land that had never been summer fallowed.

It is the manner in which the soils have been handled in the 'blown-

out areas of western Kansas, rather than their original character, that

is largely responsible for the damage wrought by the wind. Most

of the land under cultivation in this part of the state has been

farmed to wheat continuously since it was broken some twenty or

more years ago. During much of this time it has been plowed with

a disk plow to a depth not exceeding three to five inches. Probably

1 U. S. Weather iUircau.
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I'h;. 2,.—A renovator or ciillivalor suitable for leavin<> a roiii^li and somewhat

ridj^^cd surface to |)re\'eut the l)Iowinj4 of soil.
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two years in three it was not even plowed, the disk harrow being

the only implement used in preparing the seed-bed for wheat.

Absolutely no attention has been given to the upkeep of the humus
of the soil. Even the straw has been burned annually, rather than

spread over the ground and worked into the soil, or fed to animals

and the manure returned to the soil. This system of farming has

left the ground in very poor physical condition, and the humus con-

tent low, thus furnishing ideal conditions for soil to drift and blow at

the least provocation. Under such conditions, windstorms of less

than twenty miles per hour have been known to do considerable

damage.

That soils subject to blowing can be controlled, even when summer
fallowed, can hardly be questioned by one familiar with the results

obtained from experiments made in western Kansas during the past

three years. On the Kansas substations at Hays, Garden City, and

Tribune, and on many farms throughout the western third of the

state, fields have been managed in different ways and with various

tillage implements to ascertain the relative value of different methods

in preventing blowing. The results obtained and the observations

made during this time, form the basis for the statements in this

paper.

It has been shown that the first principle in dealing with soils which

are inclined to blow, is to keep the surface rough or corrugated

(PI. V, Fig. i). A rough surface soil checks the movement of soil

particles, the smaller ones lodge in the crevices, leaving the heavier,

clodded portions elevated and protective. When the ground is left

smooth, soil particles are loosened and set in motion by the wind.

They gain in momentum and in quantity as they glide over the smooth

ground, acquiring a cutting power almost equal to that of a knife.

Our experiments have proved that implements such as the John

Deere alfalfa cultivator (PI. V, Fig. 2), the spring-tooth harrow,

sugar-beet cultivators and corn cultivators are well adapted for

cultivating land, either fallow or otherwise, in districts where there is

danger of blowing. They are effective in checking summer fallow

from blowing, in keeping down weeds, and in maintaining a soil mulch

that will lessen surface evaporation. The cultivators should be as wide

as possible and light of draft, so that a large area may be gotten

over quickly. The ideal type of shovel is one that is narrow and

slightly curved, the convex surface to the front and the point a little

in advance of the base. With such a shovel, the ground can be

stirred deeply and many clods brought to the surface which otherwise

-would be broken or pulverized.
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The disk harrow, heralded for so many years as the friend of the

dry-farmer, is the very implement which leaves the soil in ideal condi-

tion to blow, unless used when the ground is damp. Damp soil turned

over by the disk dries into clods
;
dry soil when worked with a disk

harrow pulverizes. At the Hays substation the land was controlled

for a brief time by disking it early in the spring while it was still

damp, but after the ground had become dry disking was inefYective.

At Garden City certain fields worked with sugar-beet cultivators did

not blow whereas adjoining fields worked with the disk harrow, or

not worked at all, blowed badly.

The lister is 'becoming generally used by the farmers in western

Kansas in preparing their ground for wheat and other crops. It

leaves the ground furrowed or rigid and in proper condition to check

the movement of soil even during the most severe windstorms. The

listing and in fact all tilling should be done at right angles to the

prevailing winds.

Land can be plowed with a lister for at least one-third less expense

than with the ordinary plow and the results obtained from our in-

vestigations show that the yields of wheat, corn and sorghums are

equally as good from land listed as from land prepared otherwise.

Large areas may be listed soon after harvest, when the ground is

too dry for thorough plowing, thus effecting early seed-bed prepara-

tion and thereby insuring much larger yields than are possible with

later plowing. When damp soil is listed, packed layers of earth are

turned over, which soon harden into lumps. When dry soil is listed,

the land is turned over rough and clodded.

Fields that were blowing at the Hays, Garden City and Tribune sub-

stations have been saved by simply going into the field while the

storms were in progress and listing two or three furrows in groups

from five to twenty rods apart, to check the moving particles. At such

times the dust was often so thick that a man could scarcely see the

team he was driving.

Sandy soils are difficult to manage by the use of any implement,

as even when ridged they cjuickly work down again to a smooth

surface and begin blowing. More extreme measures must be taken

with these, such as farming in strips, allowing weeds or other vegeta-

tion to grow and form windbreaks on the alternate strips.

Manure, straw and trash furnish effective protection when spread

upon the land uniformly and are among the several methods employed

to stop the blowing of land which has been planted to winter wheat.

We have been able to save such fields by spreading straw over the
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I'iC. 2.—A view of the mclliod of preveiitinj^ hlowinj^- of soil l)y listiiif^- four or

fixe furrows at intervals through the field.
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soil and working it in with a subsurface packer. Another efifective

practice is to go into the field in the spring with a beet or corn

cultivator, and break the surface. This treatment destroys a little

of the wheat but protects the field generally. Adjoining fields left

untreated may 'be entirely destroyed. The crust also may be ridged

or corrugated by the subsurface packer.

It has been possible to prevent fields of wheat from blowing out

by planting the wheat deeper than ordinarily, so that the ground was

left furrowed after drilling.

In the Colby district above referred to, conditions became so

serious that the citizens organized for the purpose of reclaiming, if

possible, the 65,000 acres blown out since 19 10, and to prevent further

damage to the adjoining lands. The area increased each day, and

drifting increased with the growth of the area, until Colby and the

surrounding farming community was threatened with destruction. A
fund of $8,000 was raised by subscriptions from farmers, merchants,

railroad men, bankers, jobbers, wholesalers, etc., and between the

months of March and July of the present year as much of the 65,000

acres was listed as was necessary to check the blowing. This

amounted to listing forty acres in every quarter section. Some-

times strips of fifteen to twenty rods in width were listed and planted

to sorghums (PI. VI, Fig. i) or corn, with unworked strips of equal

width between. In the main, however, three to four listed furrows

were run in groups ten to twenty rods apart (PI. VI, Fig. 2).

The work was all done by the citizens and farmers of Colby, in

cooperation with the Kansas Agricultural College and the Rock

Island Railroad Co. They absolutely succeeded in checking the blow-

ing of soil in that entire area, at a cost not exceeding the amount

raised. As time goes on, much of this area will have to be listed

again, as the furrows made by the first operation are being filled with

soil. Vegetation, however, especially weeds, is beginning to grow

and will in itself furnish considerable protection. The Colby organi-

zation is outlining its work for next spring and another year will find

that area covered with sufiiciemt vegetation to insure its permanent

control.

The demonstrations prove beyond dou'bt that the soil of the Great

Plains area can be held in place even during the most severe wind-

storms, by the use of the lister in extreme cases, and ordinarily by the

use of adapted tillage implements. Any other windbreaks than those

which can be formed by the soil itself, when rightly managed and not

too sandy, are usually unsatisfactory.
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THE DISTRIBUTION OF BACTERIA IN VARIOUS
SOIL TYPES.

H. Joel Conn,

New York Agricultural Experiment Station, Geneva, N. Y.

When the great muhitude of bacteria occurring in nature was first

comprehended, it was supposed that they were distributed rather indis-

criminately over everything, and that any material in which micro-

organisms could grow would contain whatever bacteria happened to

contaminate it. This was soon learned to be false. Certain bacteria

were found to be typical of milk, and others of water. It became

evident that the microflora "of any natural medium depends not so

much on the kinds of germs that have found entrance as upon those

that have been favored by the environment. This has led naturally

to two questions of interest to us: first whether soil, also, has a micro-

flora of its own, and second whether different soils contain different

kinds of bacteria. This paper is in answer to these questions.

In the course of some recent investigations, I have made a careful

examination of two soils, one at Ithaca, N. Y., the other at Geneva,

N. Y. The two soils are very much alike and are classified as Dunkirk

clay loam and Dunkirk silty clay loam, respectively. For the sake of

comparison a more superficial study has been made of about a dozen

other soil types occurring near Geneva. As classified by the U. S.

Bureau of Soils, they fall mostly into the Dunkirk, Ontario, and

Genesee series ; while in texture they vary from muck and clay to fine

sand. Although less thorough, the examination of these various soils

was sufiicient to show whether their microflora was like that of the

two soil types first studied.

The results are somewhat surprising. Even the quantitative deter-

minations are of interest; although they were made under such diverse

conditions of weather that it is difficult to make a comparison between

the different soils. These data are given in Table I. Whenever a long

series of tests has been made of any one soil, only the highest and the

lowest counts have been included. The table shows the moisture

content of the various samples, and the state of cultivation. Tempera-

ture, although undoubtedly a factor of equal importance, is omitted

here; for its relation to numbers of bacteria has proved to be so com-

plicated that it would only confuse the table if it were included.
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Table I.

—

Numbers of Bacteria per Gram in Representative Samples of Various

Soil Types.

Soil Type. Date. Cultivation.
Moist-
, ure

Bacteria,
per gram.

Dunkirk clay loam, highest

Dunkirk clay loam, lowest

Dunkirk silty clay loam, highest . .

Dunkirk silty clay loam, lowest . .

Dunkirk loam

Dunkirk sandy loam
Dunkirk gravelly loam
Dunkirk fine sand, ist

Dunkirk fine sand, 2d
Ontario loam
Ontario fine sandy loam, ist

Ontario fine sandy loam, 2d

Honeoye stony loam
Volusia silt loam, highest

Volusia silt loam, lowest

Muck, from woodland
Muck, from swamp
Muck, from field

Feb. 26, 1910

July 16, 1909
Feb. 14, 1913
June 20, 1912

Sep. 15, 1913
May 26, 1913
June 4. 1913
Sep. 6, 1913
Nov. 8, 1911

Apr. 29, 1913
June 24, 1913
Apr. 24, 1913
Oct. II, 1913
Sep. 29, 1913
Oct. 22, 1913
May 12, 1913
June 2, 1913
Mar. I, 1911
May 3. 1913
Sep. 24, 1913

July 14- 1913
Oct. 27, IQ13

Cultivated Millet.

Cultivated Millet.

Mulched Fallow.

Mulched Fallow.

Uncultivated Sod.

Uncultivated Sod.

Uncultivated Sod.

Uncultivated Sod.

Uncultivated Sod.

Uncultivated Sod.

Uncultivated Sod.

Uncultiv^ated Sod.

Uncultivated Sod.

Uncultivated Sod.

Uncultivated Sod.

Uncultivated Sod.

Muclhed Fallow.

Mulched Fallow.

Uncultivated.

Uncultivated.

Uncultivated.

Uncultivated Sod.

pa.

59
16

26

14
8

16

7

8

19

16

10

18

6

8

30
14

43

59
82

41
81

98

33,000,000

4,500,000

54,000,000

18,500,000

7,800,000

12,500,000

7,800,000

12,000,000

4,000,000
10,000,000

22,000,000

23,000,000

7,200,000

12,000,000

31,500,000
18,000,000

28,000,000

7,500,000

24,000,000

29,000,000

35,000,000
78,000,000

The variations between the dif¥erent samples are exceedingly small.

The highest count is 78,000,000, the lowest 4,000,000. Those who are

familiar with the bacterial counts of milk or water will recall that the

number of bacteria in these substances may vary, not merely twenty,

but many hundred times. This indicates that the conditions in soil

are sufficiently constant to allow the micro-organisms to reach an

equilibrium.

The differences between the different soils are slight. The second

hid|fes*t count and the second lowest were both made fron: very similar

cla^loams. As a rule, indeed, high counts and low counts are asso-

ciated with high and low moisture contents, respectively, rather than

with differences in soil type. Two soils, however, Dunkirk fine sand,

and Volusia silt loam, have a low bacterial content even when the

moisture conditions are good—a fact which seems to be characteristic

of these soil types. Beyond that, the figures have little significance.

All of these counts, it may be remarked, run higher than the usual

determinations of bacteria in soil. This is probably because the i)lates

were incubated at a lower temperature and for a longer period of time

than those of other investigators.

These quantitative results, although, interesting, do not answer

either of the questions already mentioned. For this we must turn
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Table II.

—

Comparison of the Kinds of Bacteria in Milk, Water, and Soil.

Milk. Water. Soil.

Peritrichic, spore-bearing, long rods

Non-spore-bearing short rods, diam. in
Non-spore-bearing short rods, diam. 0.5/i. . . .

Numerous
Numerous
Few
Few
Few

5%

50%
5%
Few
40%

Common
Art.inomvretes

to the qualitative data. Table II shows the kinds of bacteria occur-

ring in milk, water and soil, and answers the first of these questions,

that is, whether soil has a distinct microflora of its own. The data

given here in regard to milk and water have been obtained from the

statements of other bacteriologists, and are necessarily less definite

than the figures concerning the bacteria of soil. They are accurate

enough, however, to show that in milk there are two predominating

groups of organisms, short rods of about one micron in diameter

(genera Bacterium and Bacillus), and round organisms (cocci) of

about the same size, neither group producing spores, while water

contains practically none belonging to these groups, but almost wholly

long, spore-bearing rods with numerous flagella (genus Bacillus).

Soil, on the other hand, I have found to contain practically no bacteria

belonging to those groups typical of milk, and only about 5 percent

belonging to those typical of water. The majority are short rods

(genus Bacterium) considerably smaller than those of milk and differ-

ing greatly from them in their physiological characteristics. Second

in abundance come the Actinomycetes, a group of filamentous bacteria

closely related to molds; and lastly, about 5 percent are organisms

with a tuft of flagella at one pole (genus Pseudomonas) . This shows

that soil bacteria form a distinct ecological group.

The second question, as to whether different soil types contain

different bacteria, is also answered by these results. Some eight

hundred cultures have been isolated from these fourteen soils and,

after an extensive study, the predominating organisms have been

grouped into the ten types shown in Table III. Some of these corre-

spond to previously named species, while others do not. Every one

of these types was found in the first soil studied (Dunkirk clay loam)
;

and in the second soil (Dunkirk silty clay loam), no new forms were

encountered. This was considered only natural because of the simi-

larity between the two soils, but it was deemed most unlikely that

these same types and no others should be found in all the other soils.

Such, however, proved to be the case. Both mucks and sands seem
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to contain the same kinds of bacteria. The only difference that has

been noticed is a sHght variation in the relative abundance of the

different types; and this difference is apparently associated with the

state of cultivation rather than with the texture of the soil.

Table III.

—

Bredominating Types of Soil Bacteria.

Peritrichic, spore-bearing, long rods.

B. mycoides.

B. sub tHis.

B. megatherium.

An unnamed type.

Non-spore bearing, short rods.

Liquefying type. Unnamed.
Non-liquefying type. Unnamed.

Pseudomonas.

Ps. fluorescens (liquefying).

Non-liquefying type. Unnamed.

Actinomycetes.

A. chromogenus (?).

A. albiis.

The bacteria listed in this table, it should be remarked, are only

those that grow in ordinary media. To how great an extent the other

types, such as nitrifiers and nitrogen-fixing bacteria, may vary between

dift'erent soils, this work does not show.

This study makes it evident that, both quantitatively and quali-

tatively, there is surprisingly little variation between the bacteria of

different soils. Soil has its own distinctive types of bacteria, and

they are not many in number. In every soil studied, whether a muck,

a clay loam, a loam, or a sand, all of these types were found and no

others occurred in appreciable numbers.
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THE PURPOSE AND INTERPRETATION OF FERTILIZER
EXPERIMENTS.

George N. Coffey,

Ohio Experiment Station, Wooster, Ohio.

The principal purpose in fertilizer experiments is to determine

what elements, or combination of elements, are needed, and in approxi-

mately what proportion and amount they should be added in order to

secure the most profitable returns.

In efforts to accomplish this purpose the most common procedure

has been to try the three fertilizing elements alone, in combination

with each other, and in varying proportions. There is, however, much

variation in the relative amounts applied, which makes it often impos-

sible to compare the results upon different soils with the assurance

that should attach to scientific work. Many of the experiments have

been planned as much from the standpoint of a demonstration as an

experiment and, therefore, such combinations and applications have

been tried as experience indicated would probably give the most satis-

factory results. For example, the earlier experiments nearly all

showed a profitable increase from phosphorus while nitrogen and

potash were often used at a loss. Therefore, in many of the later

experiments only phosphorus has been tried alone, the idea being that,

since phosphorus nearly always pays, it is necessary only to determine

whether it will be profitable to use nitrogen and potassium in addition

to the phosphorus. In fact, most fertilizer experiments have been

planned with the idea of determining the profitableness, or unprofit-

ableness of the different applications tried, rather than with the

purpose of finding out the relative need of the soil for the different

elements as a basis for figuring out the most profitable fertilizer prac-

tice for the different soils.

It is evidently impossible to try all the various combinations which

might prove most profitable, as the number of plots required would

cause too great an increase in the cost of the work. Since it is now
admitted that the results secured upon one type of soil do not neces-

sarily apply upon another, such a procedure is evidently out of the

question, as the cost of carrying on so much work on every soil type!

would be prohibitive. Some method of determining, with reasonable

accuracy, the relative need of the different types for the different
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elements, by the use of as few plots as possible, therefore becomes a

matter of great importance.

In order to see whether it would be possible to determine even

approximately the proper fertilizer treatment from a few plots, a

study of the carefully planned and well-conducted experiments of

Director Thorne on two distinctly different soils at Wooster and

Strongsville were undertaken and the results secured are believed

to be of sufficient interest to justify their presentation to this Society.

The data used in this study are given in Circular 131 of the Ohio

Experiment Station, but for convenience the more important results

are shown in Table I.

Table I.

—

Results of Fertiliser Experiments in a 5-year Rotation at Wooster

and Strongsville, Ohio.

Plot
No.

Fertilizing Elements in

Pounds per Acre for

Each Rotation.
Cost of

Fertilizer

per Acre
for Each
Rotation.

Average Value of Increase per Acre for Each Rotation.

Wooster. Strongsville.

N P K Total.
Less Cost of
Fertilizer.

Total.
Less Cost of
Fertilizer.

2 20 $ 2.60 I16.71 $14.11 $17-71 $15.11

3 108 6.50 6.02 - .48 -.19 - 6.69

5 76 14.40 8.50 -5-90 1.46 -12.93
6 76 20 17.00 30.35 13-35 22.37 5-37

8 20 108 9.10 24.81 15-71 19.41 10.31

9 76 108 20.90 11.24 -9.66 4.46 -16.44
II 76 20 108 23-50 39-31 15.81 24.19 .69

12 112 20 108 30.70 39-88 9.18 24.92 - 5.78

17 38 30 108 17.60 34-95 17-35 23.14 5-54

32 38 20 108 16.30 22.72 6.42

33 19 20 108 12.70 22.13 9-43

35 76 20 54 20.25 23.56 3-31

36 76 20 27 18.62 24.27 5-65

In these experiments the elements have been added both alone and

in combination and, also, particularly at Strongsville, in varying pro-

portions. The phosphorus and potassium have been added in approxi-

mately the amount and proportion removed by the average Ohio

yields of the crops grown, but the amount of nitrogen applied is con-

siderably less, because some of this element can be secured from the

air by the clover.

Since the fertilizing elements are supplied in approximately the

proportion in which the crops remove them, the relative increase

produced by the different elements ought to give an idea as to the

relative need of the soil for the different elements. The increases of

each crop, due to each of the three elements, when used alone, or in

combination, as well as the average value of the total increase, the
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value above, or below, the cost of the fertilizers, anc e proportion

for most profitable production, are shown for the 5-v £ r rotation at

both Wooster and Strongsville, and for the 3-year rotation at Wooster,

in Fig. 15.

Fig. 15.—Diagram showing increase per acre, total value of increase, value

above, or below, cost of fertilizer and approximate relative proportion for most

profitable production in 5-year rotation at Wooster and Strongville, and 3-year

rotation at Wooster.

In this diagram the solid line represents the effect of the elements

when used alone, and the dotted line the effect measured by the in-

crease of all three elements over any two.

While the effect of an element in combination is usually greater

than when used alone, the relative effect is, in most cases, very much

the same and it would seem, therefore, that the latter plots might pos-

sibly be eliminated without materially affecting the conclusions drawn

in regard to the relative need of these soils for the different elements.

Further study of the results on other plots shows that, by consider-

ing the relative effect of the different elements, when used alone, it is

possible to predict the relative profitableness of the treatment on

almost any plot, where two or all of the elements have been used in

combination or in varying proportions. For example, nitrogen when

used alone has j^roduccd a larger increase than potassium at both

Wooster and Strongsville, which is also true when these elements are
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used with ph/^i)liorus on plots 6 and 8. In each case plot 6, having

nitrogen and ^i^losphorus, has given a larger increase than plot 8,

having nitrogen and potassium (see Table I).

Plots II to 36, inclusive, have a complete fertilizer but in varying

proportions. Since phosphorus has given a larger increase and cost

less than either of the other two elements, an increase in phosphorus,

or a decrease in either nitrogen or potassium, should give a greater

value over the cost of the fertilizer, and this happens in every case,

although this does not always hold for the total value of the increase.

On plot 17 the nitrogen is decreased and the phosphorus increased,

as compared with plot 11, which should and does give a larger increase

over the cost of the fertilizer, although the total value is considerably

less at Wooster and slightly less at Strongsville. This is, however,

probably due to the fact that plot 17 received all of its phosphorus,

most of its nitrogen and part of its potassium in wheat bran during

the first 5-year period, which caused decidedly lower yields. Plot 17

is now ahead of plot 1 1 at both places in the value of the increase also.

On plots 32 and 33 at Strongsville the amount of nitrogen has been

reduced from 76 to 38 and 19 pounds, respectively, while a similar

reduction has been made in the potassium on plots 35 and 36. Since

neither of these elements gave any material increase, when used alone,

very little decrease in yield would be expected and, in all cases, such

did not occur, while none of the plots gave as large an increase over

the cost of the fertilizer as plot 2, where phosphorus was used alone,

showing that both nitrogen and potassium are still being used exces-

sively on the plots receiving the smallest applications. Unfortunately,

similar plots were not laid out at Wooster, because of lack of suitable

land.

A similar study of the 3-year rotation of potatoes, wheat and clover

at \\'ooster gives very much the same results as in the 5-year rotation

although there are some striking variations. The efifects of the ele-

ments in combination are in almost every case less than when used

alone, which is the reverse of the results in the 5-year rotation.

Nitrogen has actually given a loss on potatoes, although it produced

almost as large an increase, when used alone, as phosphorus or potas-

sium. These differences may possibly be due to some peculiarity in

plot II with which all other plots are compared in obtaining the effects

of the elements in combination.

Since it is possible to determine from the relative increase produced

by the different elements, when used alone, the relative profitableness

of any combination of fertilizer, used on any of the plots at either
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station, does it not seem that the results secured from plots 2, 3 and

5 furnish reliable data as to the relative needs of the soils for the

different fertilizing elements ? Unless it is possible to have a large

number of plots on all important soil types would it not be better

to have the data, for each of the three elements used alone, on a large

number of soil types than the more complete information for only a

few types? In any case, is it not advisable to have all three elements

used alone, and in the proportion in which they are removed by the

crops, in order that similar and comparable data to that for Wooster

and Strongsville may be available as a basis for determining the

relative need of the different soils for the different fertilizing

elements ?

If the results upon different soils are to be comparable, then a

uniform method of experimentation must be adopted and I believe

that this is a question which ought to be taken up by this Society. It is

certainly not very safe to make comparisons where either the amounts

applied or the proportion used are markedly different. Personally, I

am inclined to believe that the most satisfactory method would be to

apply the fertilizing elements in approximately the amount and propor-

tion in which they are removed by the rotation used, but in the same

proportion and amount on each crop in the rotation, as this would

allow a comparison of the effects of the different elements on the

different crops. This would furnish data in regard to the most profit-

able place in the rotation to apply the fertilizer, as well as the pro-

portion which should be used on the different crops.

From the data which have been presented, it would seem that it is

possible to determine with considerable accuracy the relative need of

the soil for the different fertilizing elements at both Wooster and

Strongsville. However, the question is not simply one of increases

but of profits. This depends, of course, not only upon the relative

response of the soil to the different elements but also upon their

relative cost. The nitrogen applied in this 5-year rotation has cost

five and one-half times as much as the phosphorus, and the potassium

two and one-half times as much. Had all three elements produced

the same effect, it would evidently not be profitable to use the same

amount of each, since $1 invested in phosphorus would give as large

an increase as '$5.54 invested in nitrogen.

Since it is im])racticablc to try a large number of different combina-

tions, or formulas, some method for a])proximating the formula which

would prove most profitable for the rotation practiced, would un-

doubtedly be of much practical value. A method has been devised
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and applied to the experiments at Wooster' Strongsville, and Pennsyl-

vania with rather interesting results. At the last place the elements, ex-

cept nitrogen, have been used in larger amounts than at Wooster and

Strongsville and not so nearly in the proportion in which the crops

remove them, and the results may not be as accurate, or entirely com-

parable, although the differences in amount are at least partly equa-

lized by differences in cost. The method may be expressed by the

following formula

:

A X IN CP
,

~~IP ^ ~CN^ '

^= Amount of (or K) applied.

/A^ =: Increase from (or IK from K).

/F=: Increase from P.

CP= Cost of F.

CA^=:Cost of A^ (or CK cost of K).

X=: Relative proportion for most profitable returns.

The first part of the formula is predicated upon the theory that

the relative need of a soil for the elements is proportional to the

increases produced by these elements ; the second upon the theory that

the amount of these elements used should be varied in proportion to

their cost. While these theories may not hold absolutely true, they

probably represent as near an approach to a general statement as can

be made at the present time. An example may serve to make the

method clearer.

As phosphorus gives an increase on nearly all soils, the amount of

this element is considered as remaining constant, while the amount

of the other two elements is varied according to the relative propor-

tion of their increases to that of phosphorus. The amount of nitrogen

( 76 pounds), applied at Wooster, is multiplied by the increase ($8.50)

produced by this element and divided by the increase ($16.71) from

phosphorus. The result ($38.66) is then multiplied by the cost ($2.60)

of the phosphorus and divided by the cost (vSi4.4o) of the nitrogen,

which gives 6.98 as the proportion of nitrogen to be added with 20

pounds of phosphorus in order to secure the most profitable returns.

Substituting the above figures in the formula would give

:

76 X 8.5 2.6
^ X = 6.q8.

16.71 14.4
^

By treating the potassium in the same way we get 15.56. We then

have 6.98 pounds of nitrogen, 20 pounds of phosphorus, and 15.56

pounds of potassium as the proper proportion, though not necessarily
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the proper amount, of the fertilizing elements for the 5-year rotation

on the Wooster soil. Fertilizer formulas are usually expressed in

terms of ammonia, phosphoric acid and potash, and the above amounts

are therefore multiplied by the proper factors (N to NH, 1.2 142, P to

P2O5 2.2888 and K to K^O 1.2044) in order to convert them into the

more common terms. By doing this and then dividing by 3, in order

to reduce the precentages to more nearly ordinary amounts, we have

the formula 2.8-15.26^-6.2. When an element produces a decrease,

it is not possible to figure as above, but the amount of that element

may be taken as zero.

Table II.

—

Calculated Formulas for Fertilizers for Different Crops on

Wooster Soil.

5-year Rotation. Ammonia (NHg).
Phosphoric Acid,

P2O5. Potash, K.O.

Corn 3-5 15 10.7

Oats 2.5 15 6.9

Wheat 1-3 15 2.6

Clover 3-6 15 7-5

Timothy 8.0 15 7-9

Average 3-8 15 7-1

3-year Rotation.

Potatoes 4.4 IS 18.0

Wheat •75 15 4.4
Clover 5-7 15 6.6

Average 3-6 15 9-7

The formulas have been computed from the effects of the elements

alone, and in combination, for Wooster, Strongsville and Pennsyl-

vania.- The percentages for Wooster are 2.8-15-6.2 and 2.8-15-5.5,

for Strongsville .45-15-0 and i.3-1 5-1. 6, and for Pennsylvania 1.6-

15-3.5 -6-15-4.4^ respectively. While there is considerable differ-

ence between the three stations, there is no very marked difference

between the formulas calculated from the effects of the elements alone

and in combination. The nitrogen may be a little low as the amount

added was proportionally less than that removed by the crops.

The formulas, calculated in the same way for the 3-year rotation

of potatoes, wheat and clover, at Wooster, are 2.8-15^.6 alone and

1.4-1 5-12.4 in combination. I'his rotation apparently requires a

larger proi)ortion of potassium than the 5-year. A closer analysis of

1 For convenience the .26 after the 15. is left off in all succeeding formulas.

2 Calculated from results given by Hopkins in " Soil Fertility and Permanent

Agriculture," p. 423.
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the data will show that this is due to the large increase . from this

element on the potatoes.

The large increase in potatoes, produced hy potassium, suggested

the possibility of using this method as a means of approximating the

formula which would prove most profitable upon any crop in the

rotation. The formulas have been calculated from the elements alone,

for both the 5-year and 3-year rotations at Wooster, and are given in

Table II.

Since the fertilizer is entirely omitted from the clover and timothy

and is not applied in equal amounts, or proportions, to the other

crops, the calculation of the formulas for the different crops serves

more as an illustration than as representing the exact proportion in

which the fertilizing elements should be used. The formulas for

clover and timothy are based entirely on residual effects. In the

5-year rotation the wheat receives twice as much acid phosphate as

the corn or oats, which may account in part for the large increase

from phosphorus on wheat. However, in the 5-year rotation, the

potatoes and wheat receive the same amount, but the wheat still shows

a relatively large increase from phosphorus. These two crops certainly

show a very striking difference in their fertilizer requirement.

It is not possible, at this time, to go into a detailed discussion of

many interesting points, which are suggested by the formulas for the

different crops, but a brief mention of some of them might be made.

While there are some rather striking relations between the amounts

of plant food taken off by the different crops, and that required

by them, the relation does not always hold true. The amounts of

nitrogen and potassium, removed by corn, oats and wheat, are in the

same order as the percentages in the formulas. Timothy, however,

which takes off the smallest amount of nitrogen, apparently requires

the most. Phosphorus seems most important on grain crops, while

nitrogen gives larger returns on the grasses or other plants grown

more for the flesh than the grain.

In the 3-year rotation wheat follows potatoes, which make a heavy

demand upon the potassium, and a comparison of the formula with

that for the 5-year rotation indicates that the wheat needs larger pro-

portion of potassium in the 3-year rotation than the 5-year.

Manure is relatively high in nitrogen and potash, and it is interest-

ing to note that 8 tons of manure applied to potatoes only (plot 30),

in the 3-year rotation, has given v$5.57 greater value of increase than

when applied to wheat only (plot 18).

Many other interesting points are suggested by a comparison of the
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results of -different treatments from the viewpoint of this paper, but

it does not seem best to mention any more in this connection.

The principal points, which I have endeavored to bring out in this

paper, might be stated as follows: (i) the need of greater uniformity

in the methods of fertilizer experimentation in order that the results

secured may be more nearly comparable; (2) the advisability of

determining the relative need of a soil, and of different soils, for the

different fertilizing elements; (3) the reliability of the results secured

from the use of the elements alone for this purpose; (4) the suggest-

ing of a line along which it may be possible to work out a satis-

factory plan for obtaining this information; and (5) the proposing of

a method by means of which it may be possible to interpret the results

of fertilizer experiments in a way most easily understood by the

farmer, in whose interest all fertilizer work is being carried on.

Much of the material presented is largely in the way of suggestion,

and it is hoped that others will study it carefully in order to see

whether it can be made of practical value in the solution of the very

difficult problem of determining what fertilizer can be used with

the greatest profits in the growing of a particular crop upon a par-

ticular soil.

BRIEFER ARTICLES.

AN EROSION STUDY.

A considerable amount of work has been carried on by different

investigators for the purpose of determining the amount of plant food

removed in the drainage waters, but, so far as known, no attempt has

been made to measure accurately the amount of material that is re-

moved in suspension and solution from the surface of a given area.

Observation of the experimental plots at Wooster indicated that quite

a large amount of material is being removed by erosion from the

surface and it was^ therefore, deemed advisable to make as accurate

a measurefnent as possible of the amount of material thus removed.

An outline of the plan adopted may be of interest to others and may
suggest the taking up of similar work on other soils.

The most satisfactory method, of course, would be to make a meas-

urement of the material removed from one or more of the plots, which

are included in the fertilizer experiments. The lay of the plots, how-

ever, is not favorable for such a plan, while the large amount of run-

off, which it would be necessary to take care of, makes it impracticable
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to use a plot as large as 1/20 of an acre. It was, therefore, decided

to select a smaller plot, 1/200 of an acre, near the laboratory, where

the run-off could be conducted into the basement and caught there in

a galvanized steel tank.

The plot selected represents a parallelogram, the longer diameter of

which is 20 feet and the shorter 10.89 ^^^t. This shape was selected

because, by extending the longer dimension up and down the slope, it

would give more opportunity for erosion than a square, or a parallelo-

gram turned with its longer dimension at right angles to the slope.

The plot is surrounded on all sides, except the upper one, by a split

glazed tile surface drain, so that everything which runs off of the

plot will be carried into this tile and thence through a 3-inch pipe

into the tank in the basement. A 3-inch tile is used on the side and a

6-inch at the lower end. No tile was necessary at the upper end,

as there would be no wash up-hill. A 6-inch tile was run across the

upper end and down both sides, in order to prevent the wash of any

material from the outside onto the plot. The inner row of tile is

covered with a plank, which is elevated about 2 inches above the tile

on the inner side and extends beyond the tile on the outer side, thus

preventing the rain from falling in the tile, which would increase the

amount of run-off. In this way it is possible to make the size of the

plot an exact two-hundredth of an acre.

Arrangements have also been made for determining the amount of

plant food carried off in the drainage waters. The plan adopted con-

sists of two rows of 3-inch tile laid around the entire plot at a depth

of 30 inches, directly beneath the tile at the surface. The inner line

of tile is for the purpose of removing any excess of subsoil water

from the plot, while the outer row will remove the water from around

the plot and prevent it from passing inward into the inner line of

tile. A 2-inch pipe from each line of tile leads into the basement,

where any water passing through the tile can be collected and analyzed.

The plot will be planted in the same crops which are grown in the

5-year rotation, consisting of corn, oats, wheat, clover and timothy.

The plot has been sown in wheat this fall and the other crops will

follow in their regular order. No fertilizer has been applied as yet,

and probably will not be for several years, as it is desired first to get

data as to the amount of plant food removed, as a basis of comparison

when the fertilizers are applied.

The details of the work are being carried on by ]\Ir. H. Foley

Tuttle. It will, of course, take several years to collect sufficient data

from which to draw conclusions, but it should be possible in the course
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of time to get an idea as to the amount of soil removed by erosion

and drainage as well as to the effect of different crops, or fertilizers,

upon the amount of material removed both in suspension and solution.

—George N. Coffey, Ohio Experiment Station, Wooster, Ohio.

FARM CROP SURVEYS.

In offering this paper the author wishes to state at the beginning

that he has no perfected plan for making crop surveys. This paper

is only a discussion. Some study has been given the matter for the

past year and a start made in connection with a potato survey.

The survey method as a means of securing reliable data is constantly

gaining wider application, ranging from geological surveys to social

surveys. The early agricultural surveys were mostly rrconnaissance

explorations, as those through western New York orchards by Pro-

fessor Bailey some twenty-five years ago. Later this was followed by

the method of collecting systematic data in the excellent orchard

surveys by Dr. Warren, and only a few years ago Dr. Warren again

applied the survey idea to farm management surveys. More recently

the Extension Department of the Ohio Experiment Station has inves-

tigated by what might be called a reconnaissance survey the culture

of alfalfa and sweet clover in that state. Most valuable information

was the result, that could not have been uncovered in any other way.

The crop survey, as I conceive it, differs from the farm management

survey in many respects. The latter not only deals, at one time, with

all crops raised, but also other business of the farm, as live stock and

buildings, their organization, and relation to profits in farming, while

a crop survey will ordinarily deal with only one crop at a time.

"When to grow the crop?" is the problem of a farm management

survey while ''How to grow the crop?" is the problem of a crop

survey. There will be some overlapping but, in general, the fields

will be fairly well defined in any case by application of the above

(juestions.

For best results, probably only one crop should be surveyed at a

time. Taking as our definition, " how is the crop grown," a series of

questions should be carefully prepared covering all problems in con-

nection with growing and caring for that crop. As to taking records,

the experience of men in similar survey work seems to agree that a

typical area should be selected in each distinct agricultural region of

the state. The record of every grower in this region should be taken,

without distinction. If the data in each case are to be subjected to
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much classification, at least 400 records will be needed. This is a

point we are working on now. This large number may l>e necessary

in some cases, but it seems probable that the principal data may be

secured by taking a smaller number, perhaps 50 records, in each agri-

cultural region and comparing with each other.

The past summer about yoo records were taken in a potato survey,

and while the data are not yet compiled our brief experience has con-

vinced us that valuable information has been secured, helpful in the

experimental teaching and extension work of the Department. As an

aid to experimental work, the survey has served to uncover the prin-

cipal problems of the growers. All interviewed seemed willing enough

to tell their troubles if nothing else. Certain problems came to be

outstanding, as the inquiry progressed. It now appears that if experi-

mental work had been undertaken previous to the survey we should

not have hit on the principal problems in all cases.

Also some grower, somewhere, has worked out in practise an

answer to many problems, making investigation unnecessary. I am
convinced that it would be very profitable, before an extensive line of

investigation is undertaken with a crop, to first make a survey of this

crop. For the extension work, such a survey furnishes exact data,

not guesswork, regarding all important practises. Such a survey will

discover farmers who have tried out almost every theory or method

that has been advocated for any time. Their experience will be a

check on the practical value of these methods.

For the teaching work in farm crops, the survey will give needed

data regarding farm practises that can be definitely classified. The

mere opinion of instructors, unsupported, cannot be accepted in this

age of scientific investigation. If we say a certain rotation is typical,

or a practise general, the statement needs better support than general

observation. For example, when good observers were asked how long

the average timothy meadow is left down in Tompkins County, New
York, they made various answers, ranging up to 10 years. The farm

management survey showed the time to be a little over three years.

When first coming to New York I was frequently told that Long

Island raised little but early potatoes, but the survey showed definitely

that most of the crop was of late varieties. We have been teaching

and preaching too much by guess. We have been slow in utilizing

modern scientfic methods to secure information about crop produc-

tion, but the time is here when such methods should be applied.

—

E. G. Montgomery, Dept. of Farm Crops, College of Agriculture.

Ithaca, N. Y.
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AGRONOMIC AFFAIRS.

THE ANNUAL MEETING.

The annual meeting of the Society was held in the city of Wash-
ington, on November lo and ii, as announced. In many respects it

was an exceptional meeting. Though only 12 titles were offered for

the program, the papers were all presented at the meeting and by

their authors. Most of the manuscripts were in shape for the printer

and will appear in early issues of the Journal. The attendance at

the various sessions was as large as, if not larger than, ever before.

Sixty-eight members were present besides many non-members.

The custom was again followed of holding a joint evening session

with the Society for the Promotion of Agricultural Science, at which

the respective addresses of the retiring presidents were delivered.

The subject presented by President Clinton, of this Society, was The

Agronomist in His Relation to the Farmer." That of President

Davenport, of the other Society named, was How will Extension

Work React upon Research?" Although the two addresses were

prepared independently, it so happened that to some extent they

developed the opposite aspects of the same question, which increased

the interest of the occasion.

The report of the Secretary, discussing the condition of the Society

and containing the minutes of the recent meeting and a complete

address list of members, is published in this issue. So also are the

reports of the Treasurer and the Executive Committee. All of this

matter is commended to the consideration of members.

COMING MEETINGS.

At a meeting of the new Executive Committee, held just after the

annual meeting, the Secretary was authorized to arrange for special

or regional meetings in connection with desirable gatherings of

agronomic workers. The first of these will be the National Corn

Exposition, at Dallas, Texas, February 10-24, 19 14. All members

who are expecting to attend the Exposition in connection with their

college and station exhibits, or otherwise, are earnestly requested to

send titles of papers to the Secretary at an early date. Other coming

meetings will be found listed under "Coming Events" on the last

page of each issue.
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REPORT OF THE SECRETARY FOR 1913.

The principal effort of the current year has been directed toward the early

publication of volume 4 of the Proceedings, the establishment of the Journal
and the promotion of sectional meetings of the Society. The results obtained

will be allowed to speak for themselves. The Society has steadily increased in

numbers without any special attention given to obtaining new members. The
work of the secretary has increased largely over that of last year, wholly apart

from his duties as editor of the Journal. It is a pleasure to record here the

assistance rendered by Miss L. M. Fissel, as well as the counsel and help of

Professor C. \'. Piper.

I. FUNDS COLLECTED BY THE SECRETARY.
Moneys have been derived chiefly from the dues of new members and from

the s2L\toi Proceedings. The following is a classified list of the funds received,

all of which have been transferred to the Treasurer and included in his annual

report.

Classified Receipts and Disbursements, November 6, 1912-OcTOBER 31, 1913.

Receipts.

To dues collected (itemized list appended) :

2 arrearages for 191 1 at $2.00 $ 4.00

5 arrearages for 1912 at 2.00 10.00

29 new members for 1912 at 2.00 58.00

2 advance members for 1913 at 2.00 4.00

40 new members for 1913 at 2.00 80.00 $156.00

To Proceedings sold

:

18 copies of Volur

40 copies of Volui

20 copies of Volut

34 copies

I copy

I part '

at $2.00 $ 36.00

50.00

at 1.50 30.00

at 1.00 38.00

at 2.00 56.00

51-00

at 2.00 30.00

at 1.25 15.00

at 2.00 2.00

at .60 .60 $308.60

$464.60

Disbursements.

Nov. 18, 1912, by check to Treasurer $ 51-75

Jan. 31, 1913, by check to Treasurer 95-75

May 10, 1913, by check to Treasurer 123.50

Oct. 4, 1913, by check to Treasurer i63-75

Oct. 31, 1913, by check to Treasurer 29.85 $464.60

Balance on hand $ 0.00

2. MEETINGS.

This, the sixth annual meeting, is the third meeting held this year. The first

waF held at Columl)ia, S. C, on January 27 and 28. during the National Corn
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Exposition. Unexpected business elsewhere prevented the secretary from at-

tending, but an interesting meeting was reported by those present. Eight

papers were presented at the sessions and three of them were afterward pub-

lished in Volume 4 of the Proceedings.

A meeting of the Great Plains section of the Society was held at North
Platte, Neb., on August 20-22, inclusive. It was held in conjunction with the

annual meeting of the Great Plains Cooperative Association, an informal

organization of the agronomic workers of the U. S. Department of Agricul-

ture and the various state experiment stations, who are conducting experiments

in the Great Plains area. More than fifty persons were in attendance, most of

them being members of this Society. No attempt was made to separate the

programs of the two organizations. Three papers presented there appear in

the July-September Journal.

A year ago the Society authorized the Executive Committee to call special

meetings at its discretion. This was done after a discussion of the need for

sectional meetings and the probable benefits to be derived from such gather-

ings. The two meetings just described were of this character. A third is now
being projected by the agronomists of the New England States. Excellent

opportunities will be afforded for sectional meetings in 1914 by such gatherings

as the National Corn Exposition, the Graduate School of Agriculture and the

Great Plains Cooperative Association. Steps are being taken also looking

toward an annual gathering of the agronomists in the states west of the Rocky
Mountains. These sectional meetings serve to stimulate interest, induce the

preparation of papers, and increase the membership. They undoubtedly reach

more of the working agronomists than do the annual meetings and should be

encouraged and supported by the Society.

3. MEMBERSHIP OF THE SOCIETY.

The membership of the Society is steadily increasing. No particular effort

has been made to obtain new members during the year and the satisfactory

gains made must be credited to the advertising by members and the attraction

of serial publication.

Some brief observations on the membership changes which have occurred

in the six years of the Society's history may not be without interest. In that

period the Society has lost 41 members, i by death, 9 by resignation, and 31

by lapsing through nonpayment of dues. This is equal to 10.5 percent of the

total membership since the organization of the Society, which is an average

loss of only 1.8 percent annually. This is surely a record of which no organi-

zation need be ashamed.

Changed Addresses.

During the first three quarters of this year 47 addresses were changed by

reason of an actual change of position. Twenty-three more are included in

this issue, of which 13 are caused by change of position, making a total of 60

for the year. This represents about 17 percent of the total membership. Last

year only 30 such changes were recorded, comprising about 10 percent of the

membership of that year. This greatly increased number is probably a fair

index of the activity in agronomic teaching and research.

Following is a list of the names of those whose addresses are newly changed

in this issue.
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Ball, W. M.
Cutler. G. H.
Grant, C. J.

Hays, W. M.
Hopkins, C. G.
Khankhoje, P. S.

Krusekopf, H. H.
Lumbrick, Arthur.

McKee, Clyde.
Macfarlane, Wallace.
Marbut, C. F.

Morse, W. J.

Musback, F. L.

Schafer, E. G.
Smith, Raymond S.

Snyder, Harry.

Southwick, E. F.

Stanton, T. R.
Willier, J. G.
Wheeler, C. S.

Win so r, L. M.
Woodworth, C. M.
Wyatt, F. A.

New Members.

The total membership at the end of 1912 was 295. During the year 3 mem-
bers have resigned and 9 (one name omitted from April-June Journal) have

allowed their memberships to lapse through arrearages for dues, making a

total of 12 removals. To date 48 new members have been received and one

lapsed member reinstated through payment of arrearages, making 49 acces-

sions. The net membership is therefore 332 at the present time. This will

probably be increased somewhat during the next few days and the additional

names inserted in the list for publication in the October-December Journal. ^

The same steady inflow of members should be continued and members are

requested to bring the matter of membership to the attention of their col-

leagues. This is especially urged on the younger members, as many of the

young agronomic workers with whom they are most intimately associated may
not be familiar with the Society and the benefits to be derived from member-

ship. Every new member makes possible a better Journal, which is the ex-

pression of a better Society.

The following are the names of new members received during the year.

Those marked with an asterisk have joined during the fourth quarter of the

3'ear. The addresses of all new members will be found in the address list of

members. The names of two lapsed members who have been reinstated through

payment of arrearages during the fourth quarter are also appended.

Abbott, J. B.

Allyn, O. M.
Beaumont, A. B.*
Bergh, O. I.

Boving, P. A.
Brown, C. B.*
Burnett, L. C.

Burgess, P. S.

Carroll, J. S.

Childs, R. R.*
Clark, Chas. H.*
Clothier, P. W.*
Davison, W.*
Deatrick, E. P.*
De Turk, Ernest
Douglass, T. R.

Dunlap, George
Evans, A. R.

Carver, Samuel
Gericke, W. F.

Getty, R. E.*
Gieseker, L. F.*

Hackleman, J. C.

Hardenburg, E. V.*
Hartwell, B. L.*

Hegnauer, Leonard
Hendrick, H. B.

Hume, A. N.
Hutton, J. G.

Jsraelsen, O. W.
Karraker, P. E.

Koeber, James
Krechov, Wm.*
Krusekopf, H. H.
LeClair, C. A.
Leighty, C. E.

Lods, E. A.
Loomis, Howard
Love, H. H.*
Macfarlane, Wallace
Madson, B. A.
Miller, P. E.

Newman, C. L.

i Newman, L. H.

Palm, A. W.
Peacock, W. M.*
Pridmore, J, C*
Reisner, J. H.*
Sanderson. H. M.
Sloan, S. L.

Smith, R. S.

Stockberger, W. W.*
Sweet, Carl*
Taff, P. C.

Thompson, A. L.*
Tuttle, H. F.*

Van Alstine, Ernest
W^allace, R. C. E.

Whitcomb, W. O.
Willcv, L. 1).*

White, J. W.
Wood, C. A.
Worrall. Lloyd
Wyatt, F. A.

1 Sixteen new members for 1913 and i reinstated member have l)ccn added

since the annual meeting, making a total of 64 new members and 2 reinstated

members during the year. The total membership is now 349.
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Reinstated Members.

Etheridge, W. C. Marbut, C. R

List OF Members with Addresses.

Abbott, John B., Purdue Experiment Station, Lafayette, Indiana.

Adams, E. L., U. S. Cereal Field Station, Biggs, Calif.

Adams, Geo. E., Experiment Station, Kingston, R. I.

Aicher, L. C, Experiment Substation, Aberdeen, Idaho.

Allen, Edward R., Experiment Station, Wooster, Ohio.

Allyn, Orr M., Experiment Station, Urbana, 111.

Alway, F. J., University Farm, St. Paul, Minn.

Atkinson, Alfred, Experiment Station, Bozeman, Mont.

Ayrs, O. L., Care Tenn. Coal, Iron & R. R. Co., Birmingham, Ala.

Babcock, F. R., Experiment Substation, Williston, N. Dak.

Ball, Carletan R., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Ball, Elmer D., Experiment Station, Logan, Utah.

Ball, Wilbur M., Estacion Pichi Ciego, F. C. P., Pr. Mendoza, Argentina, S. A.

Barker, Joseph F., Experiment Station, Geneva, N. Y.

Barre, H. W., Clemson College, Clemson, S. C.

Bartlett, Harley Harris, Bur. Plant Indus., Dept. Agr., Washington, D. C.

Beaumont, A. B., Dept. Soil Tech., Cornell Univ., Ithaca, N". Y.

Bell, Henry G., Nat'l Fertilizer Assn., Room 919, Postal Tel. Bldg., Chicago, 111.

Bell, James M., Univ. of North Carolina, Chapel Hill, N. C.

Bennett, Hugh H., Bur. Soils, U. S. Dept. Agr., Washington, D. C.

Benzin, Basil M., Imp. Dept. Agr., St. Petersburg, Russia.

Bergh, Otto I., Northwest Experiment Station, Crookston, Minn.

Bizzell, James A., Dept. Soil Tech., Cornell Univ., Ithaca, N. Y.

Bolley, H. L., Experiment Station, Agricultural College, N. Dak,

Boss, Andrew, University Farm, St. Paul, Minn.

Bouyoucos, G. J., Schillerstrasse 56, Gottingen, Germany.

Boving, Paul A., Macdonald College, P. Q., Canada.

Bower, H. J., Extension Dept., Parsons, Kans.

Bowman, Albert E., U. S. Office Farm Management, Laramie, Wyo.
Bracken, John, Saskatchewan Univ., Saskatoon, Sask., Canada.

Briggs, Lyman J., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Brodie, D. A., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Brown, B. E., Bur. Soils, U. S. Dept. Agr., Washington, D. C.

Brown, C. B., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Brown, J. Stanford, R. F. D. Box No. 38, Blackball, Conn.

Brown, P. E., Iowa State College, Ames, Iowa.

Buchanan, John, Dept. of Agronomy, Iowa State College, Ames, Iowa.

Ruckman, H. O., Dept. Soil Tech., Cornell Univ., Ithaca, N. Y.

Buell, T. W., Experiment Substation, Denton, Texas.

liuU, C. P., National Corn Exposition, Dallas, Texas.

Burgess, James L.^ State Dept. of Agr., Raleigh, N. C.

Burgess, P. S., Experiment Station, Berkeley, Calif.

Burnett, L. C, Dept. of Agronomy, Iowa State College, Ames, Iowa.

Butler, Ormond R,, Experiment Station^ Durham, N. H.

Call, L. E., Experiment Station, Manhattan, Kans.
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Cameron. Frank K., Bur. Soils, U. S. Dept. Agr., Washington, D. C.

Cardon. P. W, Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Carleton. M. A.. Bur. Plant Indus.. U. S. Dept. Agr., Washington, D. C.

Carlyle, Alex., University Farm, St. Paul, Minn.

Carrier, Lyman, Experiment Station, Blacksburg, Va.

Carroll, J. S., 1212 Empire Building, Atlanta, Ga.

Center, O. D., Better Farming Asso., Grand Forks, N. Dak.

Chambliss, Chas. E., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Champlin, Manley, Experiment Station, Brookings, S. Dak.

Chappelear. Geo. W., Miller Manual Labor School, Miller School, Va.

Chilcott, E. F., Experiment Substation, Garden City, Kans.

Childs, R. R., College of Agriculture, Athens, Ga.

Churchill, O. O., Agricultural College, Stillwater, Okla.

Clark, Chas. R, Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Clark, Charles H., Bur. Plant Indus., U. S. Dept. Agr.. Washington, D. C.

Clark, J. Allen, Experiment Substation, Dickinson, N. Dak.

Clinton, L. A., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Clothier. P. W., 209 College Avenue, Ithaca, N. Y.

Coffey, G. N., Experiment Station, Wooster, Ohio.

Cole, John S., Care Forest Service, Majestic Bldg., Denver, Colo.

Coleman, L. C, Director of Agriculture, Bangalore, Mysore State. India.

Conn, H. J., State Experiment Station, Geneva, N. Y.

Conner, A. B., Experiment Station, College Station, Tex.

Conner, S. D., Purdue Univ., Lafayette, Ind.

Cory, Victor L., Lubbock Substation, Lubbock, Texas.

Crabb, Geo. A., College of Agr., Athens, Ga.

Craig, C. E., Escola du Ingenharia, Porto Alegre, Rio Grande do Sul, Brazil, S. A.

Critz, Hugh, Starkville, Miss.

Cromer, Otis, Experiment Station, Lafayette, Ind.

Cron, A. B., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Crosby, M. A., Bur. Plant Indus., U. S. Dept. Agr., Washington. D. C.

Cunningham, C. C, Experiment Station, Manhattan, Kans.

Cutler, G. H., Saskatchewan Univ., Saskatoon, Sask., Canada.

Davis, R. O. E., Bur. Soils, U. S. Dept. Agr., Washington, D. C.

Davison, W., Dept. of Agriculture, Charlottetown, P. E. T., Canada.

Deatrick, Eugene P., 130 Dryden Road, Ithaca, N. Y.

Delwiche, E. J., Univ. of Wisconsin, Ashland, Wis.

Derr, H. B., Agricultural Advisor, Sikeston, Mo.

DeTurk, Ernest, Martinsville, Ind.

Dillman, A. C, Experiment Farm, Newell, S. Dak.

Dodson, W. R., Experiment Station, Baton Rouge, La.

Donaldson. N. C, Judith Basin Substation. Moccasin, Mont.

Douglass, T. R., Univ. of Missouri, Columbia, Mo.

Drake, J. A., Ada, Ohio.

Duggar, J. F., Experiment Station, Auburn, Ala.

Dunlop, George, Iowa State College, Ames, Iowa.

Dynes, O. W., Experiment Station, Agricultural College, N. Dak.

Eastman, J. F., State School of Agriculture, Morrisville, N. Y.

Ellett, W. B., Experiment Station, Blacksburg, Va.

Engle, C. C, College of Agriculture, Ithaca, N. Y.
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Etheridge, W. C, College of Agriculture, Ithaca, N. Y.

Evans, A. R., Experiment Station, Columbia, Mo.
Evans, M. W., Forage Crop Breeding Station, New London, O.

Evans, Robert J., Agricultural College, Logan, Utah.

Ewing, E. C, Experiment Station, Agricultural College, Miss.

Fain, John R., College of Agriculture, Athens, Ga.

Farrell, F. D., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Ferguson, A. M., Sherman, Tex.

Fippin, E. O., Dept. Soil Tech., Experiment Station, Ithaca, N. Y.

Firor, Guy W., State College of Agriculture, Athens, Ga.

Fisher, M, L., Dept. Agronomy, Purdue Univ., Lafayette, Ind.

Fitz, L. A., Agricultural College, Manhattan, Kans.

Fletcher, S. W., Experiment Station, Blacksburg, Va.

Foord, James A., Agricultural College, Amherst, Mass.

Fox, J. W., Scott, Bolivar Co., Miss.

Fraps, G. S., Experiment Station, College Station, Tex.

Frazier, W. H., Experiment Station, University Farm, St. Paul, Minn.

Frear, D. W., Dept. of Agronomy, Agricultural College, Ft. Collins, Colo.

Free, E. E., Monadnock Bldg., San Francisco, Calif.

Fung, H. K., .

Gaines, E. F., Experiment Station, Pullman, Wash.
Gardner, F. D., Experiment Station, State College, Pa.

Garren, G. M., Experiment Station, Raleigh, N. C.

Garver, Samuel, Dept. Agronomy, State College, Brookings, S. Dak.

Gericke, W. F., Experiment Station, Berkeley, Calif.

Gernert, W. B., College of Agriculture, Urbana, 111.

Getty, Robert E., Branch Experiment Station, Hays, Kans.

Gieseker, L. F., 102 Oxford Place, Ithaca, N. Y.

Gilbert, Arthur W., Dept. Plant Breeding, Experiment Station, Ithaca, N. Y.

Gilmore, John W., College of Agriculture, Berkeley, Calif.

Goddard, L. H., Rural Organization Service, U. S. Dept. Agr., Washington, D. C.

Grant, C. J., 64 Euclid Avenue, Springfield, Mass.

Grantham, A. E., Experiment Station, Newark, Del.

Griggs, W. D., Experiment Farm, Dalhart, Tex.

Giiell, Aurelio R., San Jose, Costa Rica, C. A.

Gustafson, A. F., Dept. Soil Tech., Illinois Univ., Urbana, 111.

Hackleman, J. C, Experiment Station, Columbia, Mo.

Hallsted, A. L., Branch Experiment Station, Hays, Kans.

Hardenburg, E. V., Dept. Farm Crops, College of Agr., Ithaca, N. Y.

Harris, A. L., Powsland Plantation, Kesmayu, Jubaland, Brit. E. Africa.

Harris, F. S., Experiment Station, Logan, Utah.

Hartley, C. P., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Hartwell, Burt L., Experiment Station, Kingston, R. I.

Haskell, S. B., Experiment Station, Amherst, Mass.

Hayes, Herljert K., Experiment Station, New Haven, Conn.

Hays, W. M., Ministeria dc Agricultura, Buenos Aires, Argentine, S. A,

Hcgnauer, Leonard, Experiment Station, Urbana, 111.

Hendrick, H. B., Ext. Dept., Agricultural College, Lexington, Ky.

Holt, S. v., Experiment Station, Urbana, 111.

Hoh'/., Henry V., Experiment Station, Pullman, Wash.
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Hopkins, Cyril G., So. Settlement & Development Org., Baltimore, Md.
Hopt, Erwin, University Farm, Lincoln, Neb.

Hsieh, En Lung, Bur. of Publ., Ministry of Agr. and Forestry, Peking, China.

Humbert, Eugene P., Experiment Station, Agricultural College, N. M.
Hume, A. N., Dept. Agronomy, State College, Brookings, S. Dak.

Hungerford, De F., College of Agriculture, University Farm, St. Paul, Minn.

Hunnicutt, B. H., Escola Agricola de Lavras, E. de Minas, Brazil, S. A.

Hunt, Thomas F., Experiment Station, Berkeley, Calif.

Hurd, Wm. D., Agricultural College, Amherst, Mass.

Hutchinson, W. L., Experiment Station, Clemson College, S. C.

Hutchison, C. B., Univ. of Missouri, Columbia, Mo.
Hutchison, Geo. S., Albert Dickinson Co., Chicago, 111.

Hutton, J. G., Dept. Agronomy, State College, Brookings, S. Dak.

Israelsen, Orson W., University Farm, Davis, Calif.

Jardine, W. M., Experiment Station, Manhattan, Kans.

Jenkins. J. Mitchell, Rice Experiment Farm, Crow^ley, La.

Jodidi, Samuel L., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Johnson, Edward C, Ext. Dept., Agricultural College, Manhattan, Kans.

Jones, J. W., Experiment Farm, Archer, Wyo.
Karraker, P. E., Agricultural College, East Lansing, Mich.

Keitt, T. E., Clemson College, Clemson, S. C.

Keyser, Alvin, Experiment Station, Fort Collins, Colo.

Khankhoje, P. S., Experiment Station, University Farm, St. Paul, Minn.

Kidder, A. F., Agricultural College, Baton Rouge, La.

Kiesselbach, T. A., Experiment Station, Lincoln, Neb.

Kilgore, B. W., Experiment Station, State Dept. of Agr., Raleigh, N. C.

Kinney, E. J., Experiment Station, Lexington, Ky.

Klein, Millard A:, Dept. Soil Tech., Cornell Univ., Ithaca, N. Y.

Klinck, L. S., Macdonald College, P. Q., Canada.

Koeber, James, University Farm, Davis, Calif.

Krause, Franz E. F., Ionia, Iowa.

Krauss, F. G., Experiment Station, Honolulu, H. I.

Krechov, William, Experiment Substation, Dickinson, N. Dak.

Krusekopf, H. H., Agricultural Building, Columbia, Mo.

Lathrop, Elbert C, Bur. Soils, U. S. Dept. Agr., Washington, D. C.

Laude, Hilmer H., County Supervisor, Palmyra, Mo.

LeClair, C. A., Agricultural Building, Univ. of Missouri, Columbia, Mo.

LeClerc, J. A., Bur. Chem., U. S. Dept. Agr., Washington, D. C.

Leidigh, A. H., Experiment Station, College Station, Tex.

Leighty, C. E., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Lill, J. G., Garden City Substation, Garden City, Kans.

Lipman, C. B., Experiment Station, Berkeley, Calif.

Lipman, Jacob G., Experiment Station, New Brunswick, N. J.

Livingston, George, 219 Bryant Avenue, Ithaca, N. Y.

Lloyd, E. R., Agricultural College, Miss.

Lloyd, W. A., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

Lods, E. A., 1 106 Temple Bldg., Toronto, Canada.

Long, David D., State College of Agriculture, Athens, Ga.

Loomis. Howard, Dept. Agronomy, State College, Brookings, S. Dak.

Loughridge, R. H., Univ. of California, Berkeley, Calif.
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Love, H. H., Dept. Plant Breeding, Cornell Univ., Ithaca, N. Y.

Lubchenco, Alexis E., Agr. Institute of Moscow, Moscow, Russia.

Lumbrick, Arthur, The Epps Farms, Metcalf, 111.

Lynde, C. J.. Macdonald College, P. Q.. Canada.

Lyon, T. Lyttleton, Dept. Soil Tech., Cornell Univ., Ithaca, N. Y.

McCall, Arthur G., Ohio State Univ., Columbus, O.

McDowell, J. C, Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

McFetridge, Wm. L., Branch Experiment Station, Marshfield, Wis.

McHenry, Norris, R. R. 20, Elizabethtown, Ind.

McKee, Clyde, Iowa State College, Ames, Iowa.

McKee, Roland, Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C.

McKnight, H. L., Bryan, Tex.

Macfarlane, Wallace, 912 Nevada Street, Urbana, 111.

Mackie, W. W., Esperanza, Sonora, Mex.
Mackintosh, R. S., University Farm, St. Paul, Minn.

Madson, B. A., Dept. Agronomy, Univ. California, Berkeley, Calif.

Marbut, C. F., Bur. Soils, U. S. Dept. Agr., Washington, D. C.
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4. PROCEEDINGS AND JOURNAL.
The necessity of concluding the Proceedings and beginning the Journal in

the same year has greatly increased the labors of the secretary and editor.

The manuscript for Volume 4 of the Proceedings was sent to press early in

January and the bound volume was issued on the eighth of April. While not

containing as many pages as some previous volumes, it includes all the papers

available at the end of last year.

As soon as the fourth volume of Proceedings was issued the preparation

of the first number of Volume 5, the proposed Journal, was begun. A quar-

terly issue of sixty-four pages was decided upon and the first number issued

on August 8. The second number appeared on the twenty-ninth of September,

being somewhat delayed by the absence of the editors on field service. It was

hoped to issue the July-September number at the end of October, but its appear-

ance has been similarly delayed. It is now being printed and probably will

be issued during the current week.

Disposal of the Proceedings.

An edition of 500 bound copies of each volume was ordered. To this order

the publishers added 16, 17, and 14 bound copies of Volumes 2, 3, and 4, re-

spectivel}', without cost to the Society. In the year covered by Volume i there

were only 129 members of the Society. Since then 191 copies have been dis-

posed of and sales are still being made. The same is true, proportionately^ for

the other three volumes.

In Table I will be found data showing the original edition of each volume,

the number distributed in various ways, and the number remaining in stock.

Table I.

—

Showing Number of Copies Printed of Each Volume of Proceed-

ings, the Distribution Made of Them, and the Number Remaining in

Stock November i, 1913.

Volumes.

I 2 3 4
I

5

2

Edition printed

Previously disposed of

Congresional Library, 1913 (free) . .

Sold but not paid for

501

255

58

3
I

2

3 322

517
258

"58

3
2

3 324

516
273

3

62
2

3

2

3

4 352

SI4

292

31

27

3

I

6 360

750

332

37
175

2

I

I

I 550

750

332

37
93
I

I

I

I 467

179 193 164 154 200 283
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In 1912, 224 copies were sold for the sum of $367. In 1913 the sales reached

a total of 249 copies of the four volumes, increasing receipts to $390. The
records show that there are yet 102 members not owning Volume i, 90 not

having Volume 2, 60 not yet purchasers of Volume 3, and 36 (on November
i) who do not have Volume 4. If all these unsupplied members purchased the

volumes lacked, at the reduced price, the receipts would be over $350. While
not nearly all these members will purchase, there remain all foreign libraries

and still some American libraries which have not been supplied. By attention

to these two sources of revenue, from $300 to $400 should be obtained during

1914. After that the receipts from the sale of publications will probably

decrease somewhat.

Financing the Journal.

There are at present some $360 in the treasury and dues receivable amount-

ing to $180, most of which will be paid. There are also outstanding bills

receivable for Proceedings and Journal amounting to over $110, making total

remaining assets for 1913 of about $650. This amount should pay for the cur-

rent volume of the Journal and may leave a small balance to begin the new

year.

For 1914 there will be available at least $750 from dues and $250 from sales,

or a total of $1,000 for annual expenses, besides any balance remaining from

this year. The estimated receipts from dues and sales are both very con-

servative. In the light of these estimates the secretary here recommends that

the Executive Committee be given authority to issue the Journal bimonthly

instead of quarterly in 1914, each issue to consist of 48 pages, at least until it

becomes apparent that the manuscripts and funds are both sufficient for 64

page issues. Six issues of 48 pages each would increase the output from 256

pages to 288 pages, a total of 32 pages, or 12.5 percent, and would increase

the expense a little more in proportion. The aim of the Society should be the

publication of a monthly Journal as soon as the material and finances will

warrant.

5. MINUTES OF THE ANNUAL MEETING.

Washington, D. C, November io-ii, 1913.

First Session, Monday Afternoon, November 10.

The meeting was called to order at 2 p.m. by President Clinton and the

presentation of papers begun. Owing to the absence of some papers, due to

storm-delayed trains, the order of the printed program could not be followed.

The first paper presented was " Some Observations Concerning the Effects

of Legumes on the Composition of Nonlegumes in Field Mixtures," by Messrs.

J. M. Westgate and R. A. Oakley.

At this point the reading of papers was interrupted to permit the appoint-

ment of two committees by the President, as follows

:

AuDiTiNf; Committee.

H. J. Conn, chairman; C. S. Wheeler and J. A. Le Clerc.

Nominating Committee.

E. D. Ball, chairman; L. H. Goddard and S. M. Tracy.

The presentation of papers was resumed and two papers presented by Mr. W.

J. Morse, entitled "The Viability of Cowpea Seed" and "The Viability of
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Soybean Seed." respectively. The fourth paper was by Professor C. V. Piper

and entitled " The Wild Prototype of the Cultivated Sorghums." The fifth

and last paper presented at the first session was by Professor E. G. Mont-
gomery, entitled " Farm Crop Surveys."

Second (Business) Session, Monday Afternoon.

The minutes of the meetings of 1912 were approved, without reading, as

printed in Volume 4 of the Proceedings.

The report of the secretary was read and accepted. The report of the treas-

urer was read and accepted. The report of the auditing committee was read

by Chairman Conn and, on motion, approved and filed.

The report of the nominating committee was read by Chairman Ball, placing

in nomination the following persons for the offices named

:

For President, C. V. Piper,

Pirst Vice-President, C. E. Thorne.

Second Vice-President, E. G. Montgomery.

Secretary, C. R. Ball.

Treasurer, George Roberts.

On motion, their report was accepted.

The report of the executive committee was read by the secretary and, on

motion was accepted and placed on file. Brief verbal reports of the five other

standing committees, viz., Program, Classification and Mapping of Soils,

Standardization of Field Experiments, Terminology, and Varietal Nomencla-

ture, were made by their respective chairmen, Messrs. Keyser, Cofifey, Piper,

Ball and Montgomery.

Under the head of new business the report of the nominating committee was

considered and, on motion, the secretary was instructed to cast the ballot of

the Society for the persons named, who were thereupon declared elected.

On motion, the executive committee were authorized to consider, in the light

of available funds, the question of establishing a headquarters for the Society

and the employment of clerical and editorial assistance.

The Society was then declared adjourned until 8 p.m.

Third Session, Monday Evening, November 10.

The session was called to order by President Clinton and the reading of

papers resumed.

The sixth paper was by Drs. L. J. Briggs and H. L. Shantz, entitled "The

Effect of Frequent Cutting on the Growth and Water Requirements of Al-

falfa," and presented by Dr. Shantz.

The seventh paper, by Prof. R. W. Thatcher, was entitled " The Progressive

Development of the Wheat Kernel."

The eighth and ninth papers were then presented by Dr. G. N. Coffey, enti-

tled " The Purpose and Interpretation of Fertilizer Experiments " and " An

Erosion Study," respectively.

The tenth paper was presented by Prof. H. J. Conn, under the title " Distri-

bution of Bacteria in Various Soil Types."

The eleventh paper, by Prof. W. M. Jardine, was entitled " The Management

of Soils to Prevent Blowing." The Society then adjourned until Tuesday

evening at 8 o'clock.
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Fourth Session, Tuesday Evening, November 11.

The joint meeting of the American Society of Agronomy and the Society

for the Promotion of Agricultural Science, for the purpose of hearing the

presidential addresses of the retiring presidents, was opened at 8 p.m., Dr.

B. T. Galloway, Assistant Secretary of Agriculture, presiding. Dean E. Daven-

port, President of the Society for the Promotion of Agricultural Science,

delivered an address entitled " How Will Extension Work React Upon
Research ?

"

This was followed by the presidential address of Prof. L. A. Clinton, Presi-

dent of this Society, on the subject "The Agronomist in His Relation to the

Farmer," which was the twelfth and last paper on the program of the annual

meeting. The Society then stood adjourned without date. A total of 68 mem-
bers were in attendance at the various sessions of the meeting.

A true copy.

Carleton R. Ball,

Secretary.

REPORT OF THE TREASURER.

From November 12, 1912, to November 10, 1913.

Receipts.

Nov. 20, 1912, from C. R. Ball, sec'y (per statement No. i) . . $ 51-75

Dec. 3, 1912, from A. G. McCall, former treasurer, balance. 1.68

Feb. 5, 1913, from C. R. Ball, sec'y (per statement No. 2) . . 95.75

May 14, 1913, from C. R. Ball, sec'y (per statement No. 3) • • I23-50

Oct. 8, 1913, from C. R. Ball, sec'y (per statement No. 4) • • i63-75

Nov. 8, 1913, from C. R. Ball, sec'y (per statement No. 4) • • 29.85

Total from secretary $ 466.28

From 60 membership fees for 1912 $120.00

From 198 membership fees for 1913 396.00

From 5 membership fees for 1914 10.00

Total membership fees received by treasurer 526.00

From collection fees on foreign checks, etc .26

From collections for Volumes 1-3 $ 11.50

From collections for Volume 4 68.00

From collections for Volume 5 2.00

Total for Proceedings 81.50

Total receipts $1,074.04

Disbursements.

1912. V^oucher No.

Nov. 22. Lewis M. Thayer i $ 5-5o

Nov. 22. F. D. Farrell 2 3.10

Nov. 22. C. R. Ball 3 i8.55

Dec. g. C. R. Ball 4 8.45

Dec. 9. Lewis M. Thayer 5 6.50

Dec. 9. M. F. Miller 6 6.00
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Jan. 21. C. R. Ball 7 6.70

Jan. 21. Lewis M. Thayer 8 14.25

Feb. 5. Maurice Joyce Engraving Co 9 12.50

Feb. 5. C. R. Ball 10 12.28

Mar. 3. American Writing Paper Co 11 40.80

Mar. 3. Lewis M. Thayer 12 4.00

Mar. 17. Geo. Roberts 13 6.00

Mar. 17. Welsh & Murray Printing Co 14 1.75

April 19. C. R. Ball 15 36.44

April 22. K. H. Townsend 16 4.75

May 15. Lewis M. Thayer 17 9.75

May 15. New Era Printing Co 18 370.69

May 20. Geo. Roberts 19 3.50

May 20. C. R. Ball 20 16.73

June 7. Maurice Joyce Eng. Co 21 11. 10

June 7. Lewis M. Thayer 22 4.75

July 15. Transylvania Printing Co 23 7.50

July 29. C. R. Ball 24 3.88

Sept. 4. Lewis M. Thayer 25 17.00

Sept. 4. Maurice Joyce Engraving Co 26 5.00

Sept. 4. American Writing Paper Co 27 19.38

Sept. 13. C. R. Ball 28 13.95

Oct. 7. Maurice Joyce Engraving Co 29 14.40

Nov. 8. C. R. Ball 30 11.50

Total disbursements $696.70

Balance November 10, 1913 ZII-ZA

$1,074.04

Financial Standing of Membership.

Number of members paid for 1913 241

Number of members not paid for 1913 91

Total number of members in good standing 332

Geo. Roberts,

Treasurer.

Auditing Committee's Statement.

The treasurer's accounts have been audited and found to be correct.

H. J. Conn,

J. A. Le Clerc,

Clark S. Wheeler,
Auditing Committee.

REPORT OF THE EXECUTIVE COMMITTEE.
The executive committee met at Atlanta, Georgia, on November 14, 1912,

with four members present, namely. President L. A. Clinton, Vice-President

Lyman Carrier, Secretary C. R. Ball, and Treasurer George Roberts.

On motion the holding of a special spring meeting at Columbia, S. C, was

authorized in connection with the National Corn Exposition in January, 1912.

On motion the secretary was authorized to sell Volume 4 to new members

at a price approximating cost of publication.
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On motion the secretary was authorized to act as editor-in-chief of the

Journal of the Society during 1913.

On motion the following editorial board for the Journal was chosen:

Associate Editors. Assistant Editors.

Crot>s- r Crop Breeding, L. H. Smith.

r \T Pi-^o,- 1 Crop Production, C. A. Zavitz.
L.. V. riper,

l^^^^p Chemistry, R. W. Thatcher

o r Soil Chemistry, C. E. Thorne.

T T T '^t. 1 Soil Physics, L. E. Call.
1. J.. Lyon.

1^5^- J Biology, J. G. Lipman.

On motion the name "Journal of the American Society of Agronomy"
was established for the proposed publication.

Respectfully submitted,

C. R. Ball,

Secretary.

NOTES AND NEWS.

Professor E. G. Schafer has resigned the position of assistant in

farm crops at the Kansas College and Station to become agronomist

of the Washington College and Station.

Professor Willet M. Hays, former Assistant Secretary of Agricul-

ture, sailed on October 4, for the Republica Argentina, where he has

accepted the position of agricultural adviser to the Argentine govern-

ment. He expects to return to the United States in the summer of

1914.

Mr. C. J. Grant has resigned the position of. assistant in soils in

the Agricultural Extension Department of Ohio State University to

become agricultural adviser to the Hampden County Improvement

League at Springfield, Mass.

Mr. Arthur Lumbrick has resigned from the College of Agriculture

of Illinois to accept a position with the Epps Farms at Metcalf, 111.

Professor C. ¥. Marbut, who has been on leave of absence from the

Soil Survey of Missouri University and Station for the past four

years, has resigned from that institution and will continue in charge

of the Division of Soil Survey in the U. S. Bureau of Soils.

Doctor Cyril G. Hopkins, agronomist of the Illinois College of

Agriculture and Station, has been granted leave of absence for one

^ear beginning November i, 191 3. He will become agriculturist for

the Southern Settlement and Development Organization, an associa-

tion of Southern executives and railroad companies, with head-

quarters in the Continental Building, Baltimore.
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Mr. H. V. Harlan, agronomist in charge of barley investigations

for the Office of Cereal Investigations, U. S. Department of Agricul-

ture, has been granted a furlough for six months. He sailed for Peru

on October 10, to investigate, for the Peruvian Corporation, the agri-

cultural possibilities of the plateau in the vicinity of Lake Titicaca,

at elevations of 11,000 to 14,000 feet.

Mr. Clyde ^IcKee has resigned from the Extension Department of

the Kansas College to become assistant in farm crops at 'the Iowa

College.

Mr. L. M. Winsor has resigned his position as County Agent for

Conejos Co., Colorado, to become agent in irrigation investigations for

the U. S. Office of Experiment Stations, with his headquarters at

Logan, Utah.

Mr. Raymond S. Smith has accepted the position of instructor in

soils at Pennsylvania State College.

Under date of December 16, Mr. W. W. Mackie writes from

Esperanza, Sonora, Mexico: "At present I am harvesting the rice

•crops and have just completed the planting and irrigating of the

wheat and barley. It may interest you to know that we grow all our

wheat, barley, oats and beans entirely without the aid of rain. In

fact, the infrequent rains which accidentally occur are always a

•detriment."

A local section of this Society was organized in November at the

Kansas State Agricultural College, with the following officers : Presi-

dent, W. M. Jardine, Dean of Agriculture and Director of the Ex-

periment Station; Vice-President, Prof. L. A. Fitz
;
Secretary-Treas-

urer, C. C. Cunningham.

Washington Section Organized

On December 10, 1913, about 60 agronomists of the Department of

Agriculture met at the Bureau of Plant Industry and formed an

•organization, which when chartered will constitute the Washington

Section of the American Society of Agronomy. A Constitution and

By-Laws were adopted and the following officers were elected

:

President, W. W. Burr; Vice-President, R. A. Oakley; Secretary-

Treasurer, F. D. Farrell; Members of Executive Committee, C. W.

Warburton and C. H. Kyle. These 5 officers constitute the Execu-

tive and Program Committee.

The Constitution provides that regular meetings shall be held

monthly from November to March inclusive.
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The first regular meeting of the section was held in the assembly

room of the Cosmos Club December 17, 191 3. Forty-five members

and 6 guests were in attendance. The following program was pre-

sented :

" The Storage of Soil Moisture and its Use by Crops," by Mr. John

S. Cole.

Discussion, led by Dr. H. L. Shantz.

Brief notes and reviews.

The program was followed by a social hour with refreshments.

It is planned to hold three more meetings during the winter of

1913-1914.

COMING EVENTS.

Under this caption it is proposed to keep a standing schedule of

coming meetings of various organizations more or less closely con-

nected with agronomy. Secretaries of such bodies are invited to

furnish information regarding their meetings.

American Society of Agronomy.

Special Meeting, Dallas, Texas, during the National Corn Ex-

position, February 18, 1914.

American Association for the Advancement of Science.

Atlanta, Ga., December 28, 1913-January 3, 1914.

American Association of Agricultural Engineers.

Chicago, III, December 29-31, 1913.

National Corn Exposition.

Dallas, Texas, February 10-24, 1914.
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