DDCes/oraado

)Bulletwr?% December, 1930

EFFECTS OF CLOVER AND ALFALFA
IN ROTATION

A COMPARISON OF LEGUME CULTURE
WITH FALLOW CULTURE.
PART 111

By Wum. P. HEADDEN

CoLorADO\ AGRICULTURAL\ COLLEGE
CorLorAD4 EXPERIMENT STATION
FORT CUTTINS




The Colorado Agricultural College
FORT COLLINS, COLORADO

THE STATE BOARD OF AGRICULTURE

E. R. ...Greeley
MRS. MARY ISHAM
%".7 C. BELL.

JAMES P. McKELVEY. ... La Jara
H. B. DY® Manzanols
O. E, WEBB Milliken
T. J. WARREN. ......oceeen Fort Colling

) GOVERNOR W. H. ADAM
Bx-Officlo | BRESIDENT GHAS A LORY

L. M. TAYLOR. Secretary

VERNER U. WOLFE, Treasurer

OFFICERS OF THE EXPERIMENT STATION

...President

CHAS. A. LORY, M.S, LL.D, D.Se
C. P, GILLETTE M. D.Sc

USSR §) § - <1 11} o

Vice-Director

L D CRAIN, BME MM.B._..
L. M. TAYLOR

............ Secretary

ANNA T. BAKER

Executive Clerk

EXPERIMENT STATION STA¥F¥

Agronomy
Alvin Kezer, A M., Chief Agronomlst
David W. Robertson, M.S., Ph.D,,

Associate
J. W. Adams, B. §., Assistant
G. W. Deming, B. 8., Assistant
Robert Gardner,B. S., M. S, Assrstant
Roy D. Hockensmlth B.S.,
Associate
Robert Gardner, B.S.,, M.S., Assistant
Dwight Koonce, B.S., Assistant
Warren H. Leonard, B.S.,, M.S.,
Assistant

Animal Investigations
George E. Morton, B.S.A.,, M.8, in
Charge
E. J. Maynard, B, 8 A, M. 8, Associate
B. W. Fairbanks, B.8.,, Associate
H. B. Osland, B.S.,, M.S,, Assistant
Bacteriology
W. G. Sackett, Ph.D,, in Charge
Laura Stewart B.S., "Assistant
Sarah B. Stewart BS M.S., Assistant
Botany
W. Durrell, Ph.D,, in Charge
Anna M. Lute A.B., B.Sc., Seed

Analyst

E. C. Smith, A.B., M.A., M.S,,
Assistant

Bruce J. Thoranton, B.S.,, M.S,
Assistant

E. W. Bodine, B.S., M.S,, Assistant
Don Cation, B. 8., M, S., Assistant
Mary F. Howe, M_S PhD Assistant
Melvin S. Morns Assistant

E. J. Starkey, B.S., Mé Assistant

Chemistry

Wm. P, Headden, A.M., Ph.D,, D.Se,,
in Charge

Barl Douglass, M.8., Associate

J. W. Tobiska, B.S., M.A., Associate

C. E. Vail, B.§, M.A., Associate

Entomology

C. P, Gillette, M.S,, D.Se., in Charge

W. L. Burnett, Rodent Investigations

J. L. Hoerner, B.S.,, M.S,, Associate

George M. List, B. S., M. S., Associate

Chas. R. Jones, M.S., Ph.D., Associate

Miriam A. Palmer, M.A., M.S,
Agsociate

Sam McCampbell, B.S., Assistant

J. H. Newton, B.S., Assistant

R. G. Richmond, B.S., Assistant

Leslie B. Daniels, B.S., Assistant

Home Economics
Inga M. K. Allison, E.B,, M.S,, in
Charge
Florence N. Schott, BR. 8., M. 8
Associate

Horticulture

E. P. Sandsten, PE.D., in Charge
A. M. Binkley, B.S.,, M.S,, Associate
Carl Metzger, B.S., M.S., Assistant
Geo. A. Beach, B.S., Assistant

Irrigation Investigations

R. L. Parshall, B.S,, in Charge
Carl Rohwer, B.S.,, C.E.,, Associate
W. E. Code, BS C.E., Associate
R. E. Tnmble, BS Meteorologist
L. R. Brooks, B.S,, Assxstant

Rural Economics and Secielogy

L. A. Moorhouse, B S.A., M.8,, in Charge
R. T. Buraick, B.S., M.§., Associate

B. F, Coen, B.L Al M Associate

D. N. Donaldson, B.S., M.8., Associate
G. 8. Klemmedson, B.S., M.S., Assoclate
Car]l C. Gentry, B.A., M.A., Associate
H. B. Pingrey, B.S., M.S., Assistant

Veterinary Patholegy
1, E. Newsom, B.S.,, D.V.M., in Charge
Floyd Cross, B.S., D.V.M., Associate
Bryce R. McCrory, M.S.,, D.V.M,,
Assistant

Veterinary*
Geo. H. Glover, D.V.M., M.S., in Charge

Editorial Service

I. G. Kinghorn, Editor
Arthur Robinson, Associate Editor
Esther Horsley, Assistant Editor

Engineering Division—Mechanical
Engineering
L D Crain, BM.E.,, M.\M.E,, Head of Di-
vision, in charge of Mechanical Bngi-
neering
F. BE. Goetz, B.S., M.S,, Associate

Civil Engineering

E. B. House, B.S, (E.E.), M.§, in
Charge .
Carl Carpenter, B. S., Testing Engineer



EFFECTS OF CLOVER AND ALFALFA
IN ROTATION

PART III

By WM. P. HeEaDDEN

’

Under the title of ** Effects of Clover and Alfalfa in a Rotation’
we presented in bulletins 319 and 362 the results obtained by five
vears observation on the carbon dioxid in soil air, in fallow land,
and in land under crops, both with and without irrigation. In the
tormer of these bulletins we discussed the action of carbon dioxid and
water on felspar because it is the principal mineral in our soil that is
capable of change, also upon soil in mass, with its abundant supply
of carbonate of lime. In the latter we presented the influence of clover,
alfalfa and wheat upon the amount of carbon dioxide in the soil air
throughout the year, and compared it with the amount in fallow
ground, date for date, during two vears or seasons. Alfalfa lives
throughout the year but spring wheat and corn live only about 120
to 180 days.

The root systems of these crops are very different and they
occupy the land to a very different extent. Our stand of alfalfa
was very thick, this means that we had from 250,000 to 500,000 plants
per acre, but in the corn experiments we had only 14,000 to 24,000
plants. Alfalfa roots in this land attain a maximum length in excess
of eleven feet and most of them exceed six feet. 'The root system of
wheat is fibrous but attains a depth of four or five feet. Red clover,
which is the clover that we used, is shallow rooted in comparison
with alfalfa but has a root of the same character. Its length is sel-
dom over six feet in our ground. During the period of aetive growth
of the wheat crop the soil air was almost as rieh in carbon dioxid as it
was under the alfalfa on the same dates. It is not intended to inti-
mate that carbon dioxid is the only substance excreted by the roots.
We do not believe that it i1s, but the excretion of carbon dioxid is a
tunetion common to these plants while the other exeretions may be
very different, in some cases favorable, in others unfavorable to crops
that may be planted after them. One benefit of a fallow may be due
to the fact that these excretions of crops arve changed during this
period and rendered harmless, in other words, the soil may become
more healthful for crops in general,

In bulletin 362 we also presented the exchange value of the soil
studied whieh involved an extended study of the easily soluble ele-
ments of fertility and the manner or extent to which they were in-
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fluenced by the erops. It was established that there is a complex in
our soil whose ability to exchange bases is represented by 13 hydro-
gen units and this remains practically the same throughout the period
of our study, but the easily soluble portions varied with the crops.
Potassium was less in parts-per-million of soil in the ammonie chlorid
solution than in the solution obtained by neutralizing the earbonate
of lime by acetic acid; there were but few instances in which the
former .equaled the latter. The subsoil is strongly caleareous but the
same relation between the acetic acid soluble and ammonie chlorid
soluble potassium is maintained throughout. The relations of the
postassium are of the greatest interest in this study as the
action of carbon dioxid on felspar, of which our soil largely consists,
is to eliminate potassium. From forty to seventy-five percent of the
total dissolved out of felspar is potash. Caleic carbonate in the soil
does not protect it from this action. The complex existing in our soil
seems to be practically unehanged by our cropping but the potas-
sium existing in some other form in the soil is changed in quantity
as we shall see later.

We were prepared from the very beginning of this experiment to
find the relation ot the amount ot nitrogen, both as total nitrogen and
as nitric nitrogen, of considerable interest and not in harmony with
prevalent views concerning it. Legumes, and for us especially alfalfa,
are generally considered as inereasing the amount of this element in
the soil. This subjeet was had in particular consideration from the
beginning, in taect, it was a suggestion arising from other studies that
alfalfa might produce its beneficial results by some other action than
by increasing the amount of total nitrogen in the soil that led to this
investigation. In studying the nitrogen supply in land that had been
in alfalfa for two years we were surprised to find no establishable dif
ference between this and adjacent land. The soil in question was
not rich in nitrogen and two years in alfalfa with a fair growth
plowed under made so little difference that it was impossible to
assert that it had actually been increased. This contradiction be-
tween generally accepted views and our observations led us to study
this relation in as great detail and exhaustiveness as was possible.
The result was that, if any nitrogen be added in this manner it is
wholly negligible. The supply of nitric nitrogen in a soil supporting
a growth of alfalfa is very small except, occasionally, on the surface
of the ground covered with the fallen leaves and stems, but the
ground proper is poor in nitric nitrogen at all depths.

The observations that earbon dioxid is given off very freely by
alfalfa, and that this carbon dioxid brings potassium into solution,
led to the study of the amount of water-soluble potassium in the
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fallow and cropped land. If the crop does not use up the potassium
set free, there should be enough water-soluble potassium under the
alfalfa to enable nus to demonstrate its excessive abundance over that
m fallow land. This proved to be the case.

At the end of the preceding observations the plots were plowed ;
the heavy growths of clover and alfalfa were turned under and the
present. series of observations begun. The object was two-fold:

First, to see what the effects upon a succeeding crop might be.
The erop chosen was Kubanka wheat. The pages immediately follow-
ing will present the observations made.

Second, to note the deportment of the soil, when kept fallow, in
its development of carbon dioxid as shown by the soil air; the fixing
and nitrifying power of the different plots and the persistency of the
water-soluble potassium and the nitric nitrogen under field condi-
tions. These subjects will form the subject of a succeeding bulletin.

Tae HisTory or THE PLoTs

These experiments began at the close of the second season and
eontinued for one year, thus covering the third season. During the
firts two seasons the treatment of the plots was the same, 1. e., two of
them were cultivated fallow, two were planted to red clover, and two
to alfalfa. Two subordinate plots were planted to wheat the first
vear and to corn the second year. All were plowed at the end of the
second season. The clover and alfalfa growths were heavy at this
time.

All plots were cultivated the following spring and a portion of
one set planted to Kubanka wheat so that we had wheat after clover,
fallow, corn and alfalfa, in a series of contiguous plots. The rest of
the plots were cultivated fallow for purposes already given.

ARRANGEMENT OF THE WORK

Two series of nitric nitrogen determinations were carried on
throughout the season, one in connection with the study of
the fixation of the nitrogen, the other in connection with the water-
soluble potassium. The latter was of course represented by small
samples, the former by large samples. The fixation and nitrifica-
tion series were carried out by Mr. Tobiska, while that in connection
with the water-soluble potash was carried out by Mr. Vail. The car-
bon dioxid determinations were all made by Mr. Douglass to whom
‘ell also the general supervision of the plots.
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Cror REsuLTs GIvEN PRECEDENCE

Perhaps it will be as well to give the crop results before those
obtained from the study of the soil of the plots and its changes, even
though we consider the latter more important as they are the causes
of the differences in the growth and character of the crop. By dis-
cussing the erops first we give the results before the causes. This
view assumes that the changes that take place in the land cultivated
fallow are so similar in kind and degree to those that take place in
the land that is being cropped that they are the determinative fac-
tors in the characteristics of the crop both in manner of growth and
quality. It must be stated, however, that the two years action of the
clover and alfalfa on the soil is to leave an increase in the readily
available potash, and to better the general conditions of the soil, so
that the changes that take place during the growing of the crop are
only contributing and not exclusive causes of whatever characteristies
may appear in the crops. We cannot distinguish between the effects
of the conditions at planting time and those that actually obtain dur-
ing the life time of the crop. These conditions are constantly chang-
ing but the conditions at the time of planting are of very great
importanece.

Conpitions AT TIME oF PLANTING oF PRIME IMPORTANCE

In illustration of this statement it may be stated that the appli-
cation of a quantity of sodie nitrate at planting time produced al-
most as great an effect as one three times as heavy distributed in
three equal portions in a period of 65 days. The unit
quantity added was 40 pounds of nitrogen, or 250 pounds of Chile
saltpetre per acre, which was too heavy an application for our soil.
The object of our experiment was to ascertain the specific effects of
nitric nitrogen upon the properties of the wheat kernels and not to
ascertain the best time to apply it or the best quantity to be applied.
The first application immediately after sowing produced almost as
great results as the three applications distributed over 65 days which
may be taken to indicate that the conditions at the time of planting
are of prime importance.

What the changes in the soil during the growth of the plants may
be and their importance are really points in question which have not
been made out. Attempts have been made to follow the formation of
nitrates in soil occupied by growing crops with some success. We
have followed this factor in land cropped to alfalfa, clover, wheat,
and corn, especially the three former. In these cases the amount of
nitrates in the soil was very small. This does not prove that they
may not have been formed, but, shows that they were either not
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formed, or were used up by the plants. The deportment of soil that
had been planted to wheat after the crop had been removed, supports
the view that their formation was hindered but not entirely sup-
pressed. At harvest time the nitrates in soil that had been planted to
wheat were very low but began to increase soon after the removal of
the erop and continued to do so till the beginning of winter. We shall
give in a subsequent bulletin observations on the deportment of land
in this respect after crops of clover and alfalfa have been plowed
under. In fact, the object of this bulletin is to set forth, in so far
as we can, these relations in the soil after it had been in the crops
mentioned—clover, alfalfa, wheat and corn—for two years, also after
being fallowed for two years.

This section of the work has two divisions.

This bulletin will present the deportment of wheat sown after the
land had been fall plowed whereby heavy growths of clover and
alfalfa were plowed under before they had been injured by frost, and
a succeeding bulletin will present the deportment of the greater part
of the plots cultivated fallow during the season of 1928.

Stupy oF WHEAT Crop ONLY GENERAL

We shall not undertake a detailed study of the wheat crop or
enter upon questions of the influence of peculiarities in different
sections of the plots which we have observed to persist
for the three vears that we have had the land under observation. For
instance, we have observed that the water-soluble potassium is per-
sistently more abundant in the north half of one plot than in the
south half. We have not discovered the reason for this but as stated
it is a persistent condition. It might be of interest to study the
wheat produced on this half in comparison with that produced on the
south half but it is not our purpose to study the crop in this manner.
This crop suggests as many questions as we encountered in our study
of Colorado wheat, some of them quite different from those pre-
sented in our bulletins on this subject—Bulletins 205, 208, 217, 219,
237, 244 and 248 of this station, but we have no intention of en-
deavoring to discuss them.

Heavy growths of clover and alfalfa were plowed under in the
fall before the plants had been injured by heavy frosts. One of our
objects in this was to effect the killing of the alfalfa, so that we
would not be troubled with volunteer alfalfa during the summer of
1928. A question may be raised as to whether this heavy erop plowed
under in late fall was as effective as a lighter one would have been
plowed under in early spring. It served our purposes better because
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we wished to study the soil immediately after as much organic mat-
ter as possible had been plowed under and we believed that the soil
temperatures were as favorable as they would be in the spring.

&
THE WHEAT CHOSEN AND WHY

Kubanka wheat was sown as early as was convenient on a small
portion extending across the end of one set of our duplicate plots.
Kubanka was chosen because it is a good grower with a rather stiff
straw, is usually free from rust and shows the yellow-berry condi-
tion plainly if it is present. The seeding was done with a drill and
was alike on all sections. The germination was good so we had a
very even stand to begin with and differences in the crops from this
point on are ascribed to the effects of the previous crops or treat-
ment of the soil.

Conpitiong 1IN Our CorN ProT

One plot had been in wheat one year and in corn the succeeding
year so that corn immediately preceded this wheat crop. We have
no data on the effects of corn upon the soluble potash in the soil and
only fifteen composite samples, each containing five subsamples, taken
seven inches deep, between 28 July and 1 December, 1926, to show its
effect on the amount of nitric nitrogen present. The samples taken in
August and September were lower than those taken in October and
November, but the average of the 15 samples was 10 p.p.m (parts
per million), whereas samples from our fallow plot for the same sea-
son taken to the depth of six inches, was 12 p.p.m. Only in the
samples taken in August did the nitric nitrogen fall below that reg-
ularly present under the alfalfa. The average found under our
alfalfa plot was 6 p.p.m. for the same depth. This evidence, so far
as it goes, concerning the amount of nitric nitrogen in soil sustaining
a growing crop of corn, indicates that it does not depress the supply
of nitric nitrogen to so great an extent as alfalfa. The few surface
samples taken in this corn field were as rich as similar samples taken
in an alfalfa field which included half decayed portions of the plants.
We have no data on the water-soluble potassium in land occupied by
either a wheat or corn crop.

‘WATER-SOLUBLE PoTAssiuM RELATED TO CARBON
Droxip 1N So1L-AiIr

The soluble potassium in our soil is related direetly to the amount
of carbon dioxid maintained in the soil air by the crop. The water-
soluble potassium in soil oceupied by clover, alfalfa, and cultivated
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fallow has been determined for the land that we have used. The
atmosphere of fallow land contains less carbon dioxid than that occu-
pied by clover or alfalfa and contains less soluble potassium than
either of them, even though the clover and alfalfa are heavy feeders
on this element. A ton of alfalfa removes not far from 40 pounds of
potassium from the soil, but land planted to alfalfa shows muech more
water-soluble potassium than fallow land and, during the vigorous
growing period of the alfalfa, four or five times as much carbon
dioxid in the soil atmosphere. The soil atmosphere in land occupied
by wheat becomes very rich in earbon dioxid before the maturation
of the crop, but from that time on it falls till it does not differ much
from the fallow. The atmosphere under corn became richer in carbon
dioxid as the crop approached maturity but, at a depth of 30 inches,
the richest atmosphere and the deepest lysimeter under corn, it never
became as rich as the corresponding depths under alfalfa or clover,
and the same is true of the shallower depths. This does not neces-
sarily mean that corn roots are less active in discharging carbon
dioxid, for it is not at all probable that the soil was as thoroughly
oeccupied by the roots in the case of corn as in that of either wheat
or alfalfa. No comparison is made here with fallow.

DirreErRENCES IN CrOP DUE TO PrREVIOUS
TREATMENT OF PLOTS

The seeding of the wheat and the treatment of the plots were
the same. It was not irrigated. Any differences in the growth,
yield and quality of the crop on the different sections are attribut-
able to the previous treatment of the plots or more specifically to dif-
ferences in the soil conditions produced by the respective crops. I
do not recall having seen a speecific statement of the changes supposed
to be effected in soils by various crops or by a system of rotation.
It is generally stated that legumes add nitrogen to the soil and that
herein lies their special merit in a rotation. It is certain, that prae-
tice shows that in some way they benefit the land or make it capable of
producing better succeeding crops, if the crops be the right ones.
How long this good effect may last is not given. The result observed
15 50 general that the explanation has been accepted as a proven fact.

Porassivm, NoT NITROGEN, INCREASED BY ALFALFA

This is an assumption arrived at from the consideration of the
fact that there is more nitrogen in a legume crop plus that which
is in the soil at the time of its maturity than was in the soil at the
beginning. This was demonstrated to be a faet 75 years ago, but the
question of increase in the soil when separated from the plant was not
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thereby proven and the actual balance in the account has been as-
sumed and not determined. The fact is, as ascertained by our study
that the nitrogen added to the soil by alfalfa in four years is neg-
ligible. On the other hand the water-soluble potassium present in
the soil has been perceptibly increased. We have not attempted to
determine directly the effect upon the selubility of the phosphoric
acid. The probability seems to be that this is made more available
by the very abundant supply of carbonie acid maintained in the soil
atmosphere by the alfalfa. But this 1s assumed and not proven to
be true.

Puospuoric Acip Mape SoLuBLE BY CArBoN Dioxip

The preceding assumption. however. is hased on the following
observations: The action of carbon dioxid and water (a) on felspar
1s to take phosphorie acid as well as potash into solution, 20 p.p.m.
of phosphoric acid, P.O,—(b) from soil and subsoil each it dis-
golved 30 p.p.m. phosphoric acid even in the presence of very large
quantities of lime. These facts concerning the action of carbonie acid
on the solubility of the phosphoric acid in the soil justify the as-
sumption made.

The results observed are: First, that the nitrogen in the soil is
not perceptibly increased after the occupanecy of the land for two or
even four years by alfalfa; second, that the soil atmosphere 1s very
greatly enriched in carbon dioxid throughout the whole period. The
action of this carbon dioxid is to bring very considerable quantities of
potassium into a water-scluble condition also to bring phosphoric acid
into solution and make it more available even if it be subsequently
reprecipitated by the action of carbonate of lime in the soil. That
this actually takes place is shown with a high degree of probability, if
not with certainty, by the ready solubility of the phosphoric acid m
dilute not to exceed 10 percent. hydroelorie acid. I found that one-
third of the total phosphoric acid in this soil went into solution in
acid of this strength in five minutes, and Mr. Tobiska found that fifty
percent of the total went into solution in 10 minutes. This phos-
phoric acid was apparently as readily soluble as the carbonate of
lime which encrusted the soil particles. This phosphorie acid prob-
ably formed a part of the inerustation and was probably not dissolved
out of the soil particles themselves.

OTtHER FacTors Tuax Foop SurpLy IMPORTANT

Nitrogen, potassium and phosphoric acid are the nutrient ele-
ments usually deemed necessary to consider. There are other things
which go to make up the efficiency of the soil. Its mechanical condi-
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tion or tilth has always been added as of prime importance. How
much this overlaps what we understand by its sanitary conditions the
writer does not know. But the fixing and nitrifying efficiency of
the soil is elearly modified by its cultivation and fertilization. Some
vears ago Dr. Sackett was kind enough to make a few bacterial counts
in some soil samples for me. The results showed that those made on
samples to which rock superphosphate had been added were about
twice as high as in the others. The total nitrogen determinations
made during the season here referred to were higher in the phosphate
plots than in the others. These may be accidents, mere coincidences,
but they are very strongly suggestive aecidents.

The task that we have set ourselves in this bulletin, is to show
what we have actually effected by our two years series of experi-
ments, principally with clover, alfalfa, and fallow cultivation. In a
preceding bulletin we have presented an extensive view of the state of
affairs as they obtained during and at the end of the two years and
this completed our project as originally planned.

OUuR PRACTICAL QUESTIONS

The practical question of the subsequent deportment of this soil
remained. By the practical questions we understand: First, the
crop-producing power of the plots on which we had made our observa-
tions; second, the fixing and nitrifying power of the same; third,
the persistency of the water-soluble potassium and the variation of
the nitric nitrogen; fourth, the amount of the carbon dioxid in these
soils cultivated fallow. All of these subjects were studied during the
season after the clover and alfalfa had been plowed under. The
results form the subject of another bulletin.

Crors OBTAINED

The subject to be first presented is the crops obtained in our
experiments of 1928. The treatment of the soil has already been
given in sufficient detail. The planting was made as early as was
possible, second of April, at the rate of 90 pounds of seed per acre.

DIFFERENCES SHOWN

Differences showed in the plants early in the season. (See photo-
graphs Figures 1. 2 and 3, 22 June 1928). The crop after corn
lacked the vigorous green color of the other three plots and showed
a smaller growth than the others, till near the end of the season, when
the greater portion of the plants attained quite as great a height as
the others. (Figure 3, photographed 10 July). There was a very
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ially on the corn plot. The third set that we will use was taken 10
July when the big difference between the height of the
plants had very largely disappeared. The pictures, especially the
portion outside of the screen, give the impression that the fallow was
quite as good as either the clover or alfalfa and decidedly better than
the corn plot. This is correct. The plots showed no differences in
the time of ripening and equal areas from each of the plots were
harvested on 9 August. The bundles gathered were very different in
volume as the photographs show. The bundles were wrapped in
shock-covers to protect them from rain and birds and the tops of the
bundles were flattened. Counting from the reader’s left to right they
represent clover, fallow, corn and alfalfa. The bundle from the corn
plot is very much smaller than any of the others. The weights, how-
ever, at the time of threshing when they were well dried out, do not
stand in the apparent order of the photographs but as follows: Clover,
35 pounds; fallow 41.5 pounds; corn, 37 pounds; alfalfa, 30 pounds.
While the alfalfa bundle appears to be the largest, it weighs the
least. This is quite in keeping with the physical quality of the straw
which was soft.

The yield from equal areas of cleaned and dried wheat stood
in the following order; taking the yield from the alfalfa plot as 1,
the clover was 1.15, corn 1.30, and fallow 1.44. Caleulated in bushels
per acre, the results stand; alfalfa 40.4, clover 46.0, corn 52.5, and
fallow 58.2, counting 60 pounds to the bushel. The fallow ground
produced 44 percent more grain than the alfalfa ground, and the
corn ground produced 30 percent more and the clover 13 percent
more,

If we take the crop on the fallow land as our unit, we see thal
the alfalfa has reduced our e¢rop by more than one-third and the
clover a little more than one-fifth. In other words these crops were
almost equally disadvantageous compared with the fallow, so far as
the volume of the erop was concerned.

The weights per 1,000 kernels stood in a different order; for corn,
37.8; alfalfa, 34.4; fallow, 32.4 and clover 31.1 grams. These weights
per 1,000 kernels are low for Kubanka wheat. Kubanka grown in
1913 ranged from 42 to 43 grams, in 1915 from 35 to 39.1 grams. The
year 1913 was a favorable yvear and 1915 a much less favorable one.
The grain after alfalfa and clover was decidedly shrunken and that
after fallow and corn was somewhat so. This grain was grown with-
out irrigation and the shrunken condition may be due to this in part;
we think it is. Some of the kernels of wheat grown after corn are
very large and plump. A thousand of these large kernels weighed
48.5 grams.
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NITRATES PRODUCE SHRUNKEN WHEAT

The factor that contributed to the shrinking of the wheat
was probably the nitrates in the soil. We have frequently observec
that shrunken grain is associated with the presence of excessive
nitrates, whether the crop was grown on soil naturally rich in ni-
trates or on land to which we applied sodic nitrate. An amount
of sodic nitrate equivalent to 10 p.p.m., of nitrie nitrogen in the soil,
to the depth of one foot, was sufficient to produce a heavy growth
of plants with broad green leaves, but weak plants that lodged badly,
having soft straw and shrunken, flinty grains. The nitric nitrogen
i the top foot of soil at the time this application was made was dif-
ferent in the three sections of land on which our experiments were
made. These sections had been cropped the previous year, partly to
oats and partly to wheat, and had been plowed that spring eleven
inches deep. The nitric nitrogen in the surface foot of this land aver-
aged 5.4 p.p.m., the average of six samplings. We applied to each
of the three plots 10 p.p.m. of nitric nitrogen and in each case pro-
duced the effects stated. We repeated this five times with each of
three varieties of wheat, or fifteen times in all, with
uniform results. There were then, at the time of planting, a little over
15 p.p.m. of nitric nitrogen in the soil. The growth of the plants on
these plots was so different from that of those on check plots that it
was a matter of comment by casual observers. The wheat compared
with that from the check plots was small grained, flinty and shrunken.
The crop on the eheck plot was 41.3 bushels, weight per bushel 62.5
pounds; on the nitrate plot 29.0 bushels, weight 61.5 pounds. This
was for Defiance wheat. The etfeet of the 10 p.p.m. of nitric nitro-
gen applied at planting time was almost as great as 30 p.p.m ap-
plied in three successive portions of 10 p.p.m. each in about 65 days.
This emphasizes the faet that 15 p.p.m. of nitric nitrogen in the
top foot of soil at planting time may be decidedly injurious to the
crop provided some other factor does not change tending to counter-
balance its effects. These older experiments were made on the same
land but not on the plots used in this rotation.

These data are introduced to give justification for placing a
good deal of importance upon the part played by nitrie nitrogen in
our results. The wheat was planted on 2 April and a series of soil
samples was taken on 4 April, or two days after planting, in which
the nitric nitrogen was determined for the top six inches which are
usually a little richer in nitrie nitrogen than the second six inches,
but not always. These nitrates are easily moved downward in the
soil.  The rule, however, is as stated, i. e., the top six inches are apt
to be richer in nitrates than the second six inches. It may be added
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that they diminish rapidly with depth unless there has been water
enough to disturb their distribution.

NiTRATES IN Prors AT TiME OF PLANTING

The samples from the alfalfa, clover and fallow sections of our
plot gave the following results: After alfalfa 18.5 p.p.m., after clover
24.5 p.p.m., and after fallow 15 p.p.m. of nitric nitrogen. It may be
well to add that, in the sample representing the fourth six inches of
these plots, we found a different distribution of the nitrates. In the
alfalfa and clover plots we found 4 and 8 p.p.m. respectively, and
under the fallow 15 p.p.m.

These statements are made in terms of nitric nitrogen but the
term mnitrates is also used as a general term indicating the salts corre-
sponding to nitric nitrogen. The principal nitrate used as a fertil-
1zer is the sodic nitrate or Chile saltpetre. One part of nitrie nitro-
gen 1s equivalent to six parts of Chile saltpetre, so that in terms of
this salt, 17 p.p.m. of nitric nitrogen in the surface six inches means
that it would require about 204 of Chile saltpetre per acre to add as
much nitrogen as we found in the top six inches of this alfalfa land,
and about 404 on the clover land, and 180 pounds on the fallow
land. The fourth six inches of the fallow land, on the other hand,
contains the equivalent of 180 pounds Chile saltpetre, but only 48 to
96 pounds under the alfalfa and clover respectively. It appears from
the data that we have given that the nitrates will produce the effects
upon the wheat plant that we have observed, also that there was an
abundance of them present at the time our wheat was sown to exert
a big influence upon the crop. We are not concerned about where
these nitrates came from at this time; 1t suffices that they were
present as shown by the samples taken.

NITRATES AND PorTassitM AFreEcT YELLOW-BERRY

In a former study of wheat we showed that the prevalence of
yellow-berry was due to an unfavorable ratio between the available
or nitric nitrogen and the available potassium. The addition of the
former prevented the appearance of yellow-berry and the addition
of potassium increased it, so that the presence or absence of vellow-
berried kernels indicates a favorable or unfavorable ratio of these
two fertilizers. Phosphoric acid apparently played no part in this
feature of the wheat crop.

The wheat grown after alfalfa and clover was somewhat shrunk-
en, rather more so than after the fallow and corn, but the weights
per 1,000 kernels were nearly alike. as has already been stated.
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The nitrates modify the characteristics of the plants in a chem-
ical sense but this may not be the only way in which they bring
about the observed results. For instance, we have observed that ab-
pormal ripening may be pronounced, the central portions of the
harvested sheaf may be much moister or more immature than the
ends. It also indueces tillering so that with an equal seeding and an
equally good stand the nitrate plots sustain a much denser growth,
too dense in fact for the development of the crop. In what measure
this may be the cause of the soft, weak straw, and small grains has not
been ascertained. We have never tried seeding lightly with the ap-
plication of nitrates, but observation on single plants suggest that it
might obviate, in a measure, some of the disadvantages arising from
too big a supply of nitrates, and the same applies to sowing wheat
after alfalfa. Our plots in the season of 1928 had the same seeding
but the photographs show that the density of the growth on the corn
land was much less than on the alfalfa land 1mmediately to the south
of it; the yield of grain, however, was 52.5 bushels against 40.4
bushels per acre after the alfalfa and 46.0 bushels after the clover
which also shows a much denser growth than after corn but pro-
duced less wheat. The number of plants per yard of drill was prob-
ably very nearly the same but the tillering after the alfalfa and clover
made the growth Injuriously dense. Our seeding was supposed to be
at the rate of 90 pounds per acre or six pecks per acre. Had it been
40 pounds per acre after the alfalfa and clover we would have had a
more satisfactory crop, (as other experiments, not given here, prove).

MreavLiNEss INDICATES LOWER QUALITY

The mealiness of the kernels. that is, the number of kernels
affected by vellow-berry, is a measure of the quality of the erop. The
volume of the crop is often larger when this condition is prevalent
than when it is absent, or present in a less degree.

In these crops of 1928 we found, after alfalfa and clover, only
two percent of affected kermels or practically none, after fallow 21
percent, and after corn 41 percent. In this count all cloudy or opaque
berries were counted as affected. This means that 98 percent
of the kernels grown after clover or alfalfa were clear, translucent
ones, but only 59 percent were such after the corn. The plumpest,
largest berries were found in wheat grown after corn; 1,000 of these
weighed 48.3 grams against 31.1 grams for 1,000 kernels, taken with-
out choice, grown after clover. One thousand kernels taken without
choice grown after corn weighed 37.8 grams against the 31.1 for those
grown after clover.
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By far the best crop was returned after fallow, 58.2 bushels
against 40.4 after alfalfa, 46 after clover and 52.5 after corn. The
growth here was less dense than in the case of the clover and alfalfa
but more so than after corn and the rate of development was inter-
mediate between the corn and the other plots. The kernels are not
large, 1,000 weigh 32.2 grams against 34.4 grams for those grown
after alfalfa and 37.8 after corn.

We believe that these differences are due to the difference in
the mechanical and sanitary conditions of the soil and the relative
supplies of nitrogen in the form of nitrie nitrogen and soluble potas-
sinm. We omit phosphorie acid because, in a series of experiments
with this fertilizer extending over a period of five years and con-
ducted on this land, we failed to observe any effect on either the
volume or quality of the erop, sufficient to justify its consideration

In this connection we may digress to state that our conditions
of fertility are changing rapidly and the time is not far distant when
it will be to our advantage to use phosphoric acid on some of our
crops, but they must be more remunerative than wheat which is
scarcely remunerative at all and is rather unlikelv to be. But, if
we do grow wheat, we want to get the best crop, both in volume and
quality, that we can.

In the preceding paragraphs we have stated that mealiness in
wheat is increased by a high ratio of potassium to the nitrates in the
soil, also that the application of nitrates equal to 10 p.p.m. of nitric
nitrogen to our land in a serles of experiments extending over five
vears was sufficient to throw this balance too far toward the nitrate
side and made smaller yields of flinty berries, whereas the applica-
tion of potassium inereased the mealiness over our check plots. We
have just stated that our clover and alfalfa land at the time of plant-
ing had as much or even more nitric nitrogen in the top six inches
than we had found to be detrimental in preceding experiments. We
have not before stated in this connection the result of our cropping
to alfalfa and clover upon the amount of water-soluble potassium
in this soil. -If the statement previously made that the flinti-
ness and mealiness of the berries are determined by the ratio of these
elements, we may maintain this ratio by increasing the one when the
other is increased up to a limit where the amount present becomes too
great for the suecessful growth of the crop.

In a preceding paragraph we have stated that with Defiance
wheat we ruined our erop by raising the nitric nitrogen to 15 p.p m.
at the time of planting. We did not at this time increase the soluble
potassium in the soil. Had we done so, it would have tended to pro-
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duee an opposite effect upon the character of the grain as shown
in cases where we applied it alone.

The amount of nitric nitrogen in our alfalfa land at the time
of planting was sufficient to have produced very bad results, much
worse than we observed, i. e., a reduction of the crop from 58.2
bushels after fallow to 40.4 after alfalfa. In explanation of this we
present again the effect of the alfalfa through the large amount of
carbon dioxid it maintained in the soil upon the water-soluble potas-
sium. The aggregate of this effect in two years was equivalent to
the application of 1,600 pounds of potassic sulfate per acre. The
addition of one-half this quantity in former experiments increased
the yellow-berry in the wheat. This increase varied with the variety
of wheat used, besides our experiments were not well conducted to
study this feature of the crop for we grew wheat after wheat with
the same fertilization year after year, but the nitrate always pro-
duced flinty wheat and the potassium mealy wheat. While the nit-
rates in the alfalfa and clover plots at the time of planting were high,
the increase in water-soluble potassium in the alfalfa land during the
two years that it had supported the crop was equivalent to a very
heavy dressing of potassic sulfate.

Wueat Not Best CroP To FoLLow ALFALFA

We have used wheat to measure the effeet of red clover and
alfalfa, upon the soil in two years because it suits our purpose well.
The crop in itself has no value for us but it does show that a rota-
tion of wheat after alfalfa is less advisable than wheat after fallow.
The dry-land farmer is practically compelled to plant after fallow
and he often obtains both good volume and quality of erop. If he omits
the fallow and plants wheat after wheat he will have both smaller
crop and poorer quality. I have seen dry-land wheat grown after
wheat for several years so badly vellow-berried that the present day
miller would diseriminate against it strongly. We pointed out the
fact that dry-land wheat may be very badly affected in this manner
in refutation of the idea that this condition might be caused by irri-
gation. The fact is, it is caused by an excessively high ratio of avail-
able potash to the nitric nitrogen.

WE ArE NoT INCONSISTENT

It may appear to the reader, not conversant with chemical dis-
tinctions, that our statement of results is not in harmony with our
general thesis that the benefit aceruing to land planted to alfalfa is
not due to an increase of the nitrogen supply but to some other fact-
ors, specifically, to the sanitary and mechanical conditions of the soil
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and to the inereased soluble potash. The increase in the total nitro-
gen is negligible and the exhaustion of the nitric nitrogen from the
soil by alfalfa is very marked even when no allowance is made for
the surface of the land often well covered by fallen leaves and parts
broken off in haymaking. It was found to be seven parts per mil-
lion in the top six inches against eleven in fallow land and in the sec-
ond six inches only three parts aganist eight in the fallow.

Crorp PLowep UNDER

In the case of the land used in these experiments a heavy growth
of alfalfa was plowed under in the fall. The second cutting had
been made very early to give a longer time to the growing of the
third erop, which was as heavy at the time it was plowed under as
a very good first crop and was not far from the rate of six tons of
green matter to the acre. By the time our wheat was sown, 2 April,
1928, this crop had disappeared almost totally and the roots were
so far destroyed that they gave no trouble in sampling. This mass
of organic matter probably had some influence on the amount of
nitrie nitrogen present in the top foot of the soil. But how the total
amount of nitrie nitrogen compares with that in the fallow land is
probably more faithfully shown when we unite the first and fourth
six inches. When we do this we find the sum in the alfalfa land to
be 22.5 p.p.m. and that in the fallow land 30 p.p.m.

The total nitrogen in the alfalfa plots at the beginning of our
experiment in the spring of 1926 was 0.1278 percent; in the fall of
1927 just before the crop was plowed under, it was 0.1286. The aver-
age for the fallow at the beginning was 0.1298 and when the land
was plowed in the fall of 1927 it was 0.1071. The apparent gain in
the alfalfa land in two seasons was only 0.0008 percent, an amount
much less than we find the variation to be in samples taken from the
same plot at the same time. The fallow seems to have lost nitrogen
in the two seasons. Allowance in this case, too, must be made for
variation in samples even when the greatest care has been exercised
in taking them. The apparent change, however, is in the right diree-
tion as it has been noted by others that our western soils lose nitrogen
when broken up more rapidly than can be aceounted for by the crop-
ping. This apparent loss of 0.0227 percent in two seasons may be ac-
tual but it 1s within the limits of variation found in samples taken
within an area of 150 square feet. Kach foot in sueh an area (in the
same piece of land on which these experiments have been made) was
sampled to a depth of one foot (150 samples taken) and the total ni-
trogen determined. There were only a few samples identical in their
nitrogen content and the greatest difference between any two sam-
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ples, taken one foot deep, was 0.0344 percent which is more than one-
half greater than the apparent loss of introgen from our fallow
ground. These facts are stated to guard against too much importance
being attached to differences in determinations of nitrogen made on
different samples taken even from the same plot in an identical man-
ner on the same date, but those given for our fallow were taken, one
in the spring of 1926, the other in the fall of 1927.

IMPORTANCE OF THE FORM OF THE NITROGEN

The importance of a large nitrogen supply is that it furnishes
nitrogen for the formation of nitric nitrogen which is practically the
only form of nitrogen available to the plants. It is very necessary
to bear in mind this distinction between the two forms of nitrogen,
and further to realize that the difference is important. In a series
of experiments made some years ago, a large amount of nitrogen was
applied in the form of farmyard manure, 18.5 times as much as we
applied in the form of sodic nitrate, without producing any effect
upon the quality of the wheat and only a small effect on the volume
of the crop and that mostly on the amount of straw produced. Where-
as the application in the form of sodic nitrate, though less than one-
eighteenth of the amount applied in the manure. changed the char-
acter of the kernels and the growth of the plants. The amount added
was too great and the total effect was prejudicial.

Other samplings of these plots than those given were made in
the spring of 1928 but the crops were plowed under in the fall of
1927. The preceding samples given do not show an increase in total
nitrogen over the fallow or an increase over the preceding years. We
cannot in this place give too many samplings but we may give the
results of one made 13 March, 1928, about three weeks before our
wheat was sown. The average percentage of total nitrogen in the
surface foot of the land that had been in clover was 0.1279; in that of
the alley between the east and west series of plots which had been
kept fallow 0.1496; and in that of the alfalfa 0.1496 percent. We
have here no definite indication that two seasons in clover or alfalfa
together with the heavy crops plowed under have increased the total
nitrogen.

The range 1n the percentages of total nitrogen given in the pre-
ceding paragraphs may be sald to be identical with that obtained
for this land for a number of years. Our first sampling of this land
was made twenty years ago. In the case of the 150 samples taken
on the same date and previously referred to the range was from
0.1102 to 0.1445 percent and the average of 53 samplings of a four-
year-old alfalfa field to a depth of one foot was 0.1220.
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THE NIiTrIC NiTROGEN IN QUR SoIL FULLY ADEQUATE

If we now recall that the nitric nitrogen at the time of planting
was 20 p.p.m. for the top foot of soil, we are prepared to understand
why the growth of the plants was vigorous, the leaves green, the ker-
nels flinty and shrunken. These are the effects that we produced in
the erops when by addition of sodie nitrate we raised the amount of
nitric nitrogen to about 16 p.p.m. at the time of planting. The dif-
ference between 16 and 20 p.p.m. has but litile significance if any at
all. We added two and three times our minimum amount in two and
three portions but the larger amounts produced no perceptibly
greater effects on the crop than the minimum which brought
the total supply of nitric nitrogen to 16 p.p.m. The other additions
brought it to 26 and 36 parts per million. Applied to Defiance
wheat, these gquantities were practically ruinous, on Red Fife and
Kubanka, they were not deleterious to the same extent.

It is not intended in this place to discuss where this nitric nitro-
gen present in the soil in the spring of 1928 came from but we may
state that it had been formed in the soil, for the growing alfalfa
had reduced it to five parts per million in the top foot of soil from
which i1t had increased to 21 p.p.m. The inference is, that the nitro-
gen of the alfalfa that we plowed under had been nitrified to this
extent. This explanation would be entirely satisfactory if the fallow
ground had not contained 30 p.p.m., against 21 p.p.m. in the afalfa.
The presence of liberal quantities of nitric nitrogen in fallow ground
is not an aceident; it is the rule. The inequality of the quantities
present does not prove that the suggested explanation is wrong but it
does show that it is not necessarily right and may be very doubtful,
even though we would like to think it correct, hecause it would suit
our purposes well.

Tue Errects UPON THE WATER-SOLUBLE POTASSIUM

The matter stands guite otherwise in regard to the water-soluble
potassium. The fallow land, or rather the soil atmosphere contained
in it, carries from 30 to 65 parts of carbon dioxid per 10,000. To
take an average of 40 parts per 10,000 for the yvear may be a little
high but it is not far wrong. That in the alfalfa soil contains up to
270, or practically seven times as much carbon dioxid. The signifi-
cance of this is that the carbon dioxid acts on the soil particles, even
on the unaltered felspar particles in it, to bring potassium into solu-
tion. This action under the alfaifa goes on throughout the growing
season at a rapid rate and continues through the winter months reach-
ing a minimum in the early spring. We have repeatedly demon-
strated this experimentally, and also assert it as the result of observa-
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tion on the amount of water-soluble potassium under alfalfa and in
fallow. The water-soluble potassium was determined weekly through-
out the season of 1927, beginning 27 May. The samples taken repre-
sented the first, fourth and sixth six inches of the soil. The latter
depths were chosen because they correspond to the depths of our
lysimeters. The averages for the first and fourth sections of the
fallow and alfalfa plots, portions of which were planted to wheat in
1928, were, for June, as follows:

Fallow: First six iuches 192 poop. m.
Fourth six inches 11.2 p. p. m.
Average 15.5 P p. .
Alfalfa: First six inches 39.8 p. p. m.
Fourth six inches 259 p. p. m.
Average 329 p. p. m.

For August

Fallow: First six inches 31.3 p. p. m.
Fourth six inches 124 p. p. m.
Average 219 p. p. m.
Alfalfa: Kirst six inches 59.5 p. p. m.
Fourth six inches 396 p. p. m.
Average 49.6 p. p. m.

We have given these data for June and August only but they
suffice to present the fact that in spite of the large amount of po-
tassium being taken out of the soil by the growing alfalfa, there was an
excess of it, soluble in water, that was more than twice the amount
present in the fallow.

This very liberal supply of soluble potassium tends to balance
the effects of the nitric nitrogen that developed in the soil after
the alfalfa had been plowed under. From the standpoint of the
farmer, wheat was probably not the most advisable crop to plant;
sugar beets would have been a better one, or potatoes, provided this
were a good crop for our section, for these are crops that need potash
and, while both are sensitive to too liberal a supply of nitrates they
are not so easily injured as the wheat, which i1s induced to tiller
freely, grow rankly and rust easily, producing, at best, a soft straw
and shrunken berries of good guality.

In regard to the quality we have the weight per 1,000 kernels and
the percentage of yellow-berried or opaque kernels. These were prac-
tically absent from the wheat produced on the clover and alfalfa
plots but decidedly abundant in that produced on the corn plot. We
add another feature of the wheat, its protein content, calculated from
the teotal nitrogen in the wheat multiplied by 5.7, which is conven-
tional.
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Nitrogen in Wheat grown after Clover, Fallow, Corn and Alfalfa

Moisture Nitrogen in Wheat Protein in
Percent T T Not 7 Dried at Dried wheat
Dried 1080 C Dercent
Percent Percent
Clover 10.19 2.758 3.071 17.51
Fallow 10.07 2.723 3.028 17.26
Corn 10.39 1.993 2.226 12.69
Corn, big kernels 10.00 2.107 2341 13.35
Alfalfa 10.30 3.010 3.355 19.13

The quality of this grain as indicated by the protein (N x 5.7)
contained is good, but that produced on the corn land, even the
selected kernels, is four perecent lower than that from the clover
or fallow land, and still more inferior to that grown in the alfalfa
land. The yield is higher than that given by the clover or alfalfa
but lower than that obtained from the fallow. The weight per
1000 kernels is the highest of the four.

The big kernels from the wheat after corn are given because they
appeared to promise to show the highest quality of this wheat that
could be obtained by careful selection, but it is only seven-tenths of
one percent above the average sample, and is four percent below
that from the clover and fallow plots.

This experiment on the corn plot was not in our original plan
which accounts for the fact that the data are not as complete as in
the other cases.

Prosproric Acip Nor CONSIDERED

‘ We have omitted all consideration of phosphoric acid in the
preceding, because, in experiments made on this land, in which we
applied from small to excessively large amounts of phosphorie acid,
45 experiments in all, we could not perceive that it produced any
effect upon quality or crop, and the erop was wheat on land that had
been planted to wheat or oats the preceding year. This was the
case in each of the five years that we continued the experiment.
This i1s a valid reason for assuming that, so far as plant foods are
concerned, the addition of phosphoric acid would have played no
part in our results; the ones remaining, nitrogen and potassium,
must have caused, according to accepted views, all the differences that
we observed.

Foop SurpLy Not THE ONLY FAcToR

While the supply of these three factors, nitrogen, phosphoric
acid, and potassium, all of which may be supplied to the soil, are very
important and the lack of any one of them may bring about ecrop
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failure, it is difficult to believe that there was an actual lack of
nitrogen, for instance, in the corn land sufficient to produce the
characteristics of growth observed. This particular land was not
sampled for the determination of nitric nitrogen in the spring of
1928 when the wheat was sown, except a single sampling. This
gave 14 p. p. m. an entirely adequate amount. We have no data to
show that the corn crop planted 3 by 3 feet is either very exhaustive
of or antagonistic to the development of nitrates in the soil. During
the season of 1926 we made 15 samplings of soil in the section ad-
joining this on the south that was planted to corn. The samples
were taken seven inches deep and their average content of nitrie
nitrogen was 10 p. p. m while that found in our fallow plot during
the same season to a depth of six inches was 12 p. p. m. The sur-
face portion of the soil in the cornfield was higher than in the seven-
inch samples. A sample taken with a shovel, probably to a depth of
two inches, carried 17 p. p. m. and a surface sample 47 p. p. m. The
growth of this corn was very vigorous at the time these samples were
taken. The 15 sets of samples were taken from 28 July to 1 Decem-
ber, 1926. Our data do not give us any reason to infer that the
process of nitrification has been disadvantageously affected. While
we have no determination of the nitriec nitrogen during the season
of 1928 except the single sampling that showed 14 p. p. m. in the
surface six inches, we have no demonstrated facts to show that this
factor was wanting except the deportment of the wheat crop which
did not show the vigorous growth and deep green color of wheat
produced by the application of nitrates.

Tue WATER-SOLUBLE PoTassiuM IN THE SoIL CORRELATES
wiTH THE CARBON Dioxip IN THE SoiL-AlR

In regard to the supply of potassium, we have no reason to
assume that there was as much soluble potassium as was present in
the clover or in the alfalfa ground. We observe that the soluble po-
tassium is greater in alfalfa land than in fallow, also that the amount
of carbon dioxid maintained in this soil greatly exceeds that present
in the fallow, in other words, the amount of soluble potassium in the
soil correlates rather closely with the amount of carbon dioxid that
is present in it over any considerable time. For instance, the first,
fourth and sixth six-ineh sections of our fallow plot in 1927 showed
the presence of an average of 23, 12.4 and 14.6 p. p. m. respectively,
for the season (22 samplings), while our alfalfa plot showed 49.8,
33.2 and 17.3 p. p. m. for the same number of samplings. The carbon
dioxid in soil-air under the alfalfa was, at all times, even in the
winter months, higher than in the soil-air under the fallow.
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We have no determinations of the water-soluble potassium in
the corn land as we have already stated, but we have the record of the
carbon dioxid in this corn land throughout the season of
1927 while it was producing the corn crop. There were nine sets of
samples taken from 25 July to 24 September. The corn had been
removed just before the last date. The water-soluble potassium is
regularly greater under the clover and alfalfa, taking the samples in
six inch sections, the first, fourth and sixth six inches. The first
six-inch sample under clover was not always found richer than the
corresponding sample of fallow soil but the fourth and sixth six inches
were 1n accordance with our statement. Further, it may be stated
that the carbon dioxid increased too with the depth. If this cor-
relation holds and we know the amount of carbon dioxid im two
pieces of land for three or more months we have reason to believe
that there is more water-soluble potassium in that land whose soil-
air showed the larger amount of earbon dioxid throughout the period.
A single sampling might be of no import in this connection but we
believe that consistent results obtained throughout a series, the more
in the series the better, justify the assertion that there is more water-
soluble potassium uniformily assecciated with the larger amount of
carbon dioxid in the soil-air.

The fallow and the corn plot here considered lay side by side, in
fact a portion of our original fallow plot was taken for the corn
plot, so the character of the soil and other conditions may be con-
sidered identical and the results given in the following table are more
striking than they would be if they had been portions of different
sections of land though the results ought to hold in such a case.

Carbon dioxid in the soil-air in land ecropped to corn and cultivated fallow in
parts per 10,000

Corn Fallow

Depth [ 18+ 307 6 18* 307
Date - 1927

25 July 38 ki 93 18 45 53
1 Aug. 58 107 108 17 38 5%
& Aug. 47 81 103 17 36 47
15 Aug. 67 98 105 14 31 40
22 Aug. 39 @6 119 15 27 &0
29 Aug. 34 96 115 15 33 43
6 Sept. 32 ki 114 17 28 50
12 Sept. 50 73 119 24 34 47

Corn removed and plots plowed 13 Sept.

24 Sept. 22 73 105 24 53 73
28 Sept. 14 45 91 9 19 34
4 Oct. 8 36 73 12 17 28

If our statement is true that the water-soluble potassium cor-
relates with the carbon dioxid in the soil-air, then there was more
soluble potassivm in the corn land than in the fallow.
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This table shows another thing in harmony with our other
observations. The soil-air in land planted to wheat and' other
grasses, as well as in land planted to clover or alfalfa, is always
several times as rich in ecarbon dioxid as is that in fallow land.
Actively growing wheat, mixed grasses, clover, and alfalfa maintain
the carbon dioxid in amounts varying from 150 to 250 parts per
10,000 at depths of 18 or 30 inches. The corn has increased the
carbon dioxid at a depth of 30 inches to twice as much as was under
the fallow.

TuE Nr1tric-NITROGEN-PoTASSIUM RATIO IMPORTANT

Our previous statements have maintained the view that the
pivotal point in the whole matter is the ratio between the supply of
nitric nitrogen and water-soluble potassium. The phosphorie acid in
our case is present in sufficient quantity to produce optimum results.
This ratio is best in our fallowed land where we had the largest crop
of good wheat, 58.2 bushels, per acre, with 1000 kernels weighing
32.4 grams, and 21 percent yellow-berry, and the deportment of the
plants, their growth and color, was only a little behind that of the
clover and alfalfa, and the protein in the kernels was 17.26 percent

Ni1trIC NITROGEN AND PoTassium SuppLy IN CorN LAND

Our data concerning the deportment of the wheat on corn ground
do not justify the inference that there was any Insufficiency of
nitric nitrogen to produce vigorous, freely tillering, green plants.
Relative to this point we have the following: That seven to ten parts
per million of nitric nitrogen in the soil at the time of planting
is sufficient to produce good crops, up to 60 bushels. That land in
corn carried an average of 10 parts per million to a depth of seven
inches, while fallow carried 12 parts per million and the single
sampling of this land at the time of planting showed 14 p. p. m.
But the wheat after our corn crop did not tiller like the other erops
nor did it show the vigor or the strong green color indicative of a
hiberal supply of nitric nitrogen.

We have not any series of determinations of the water-soluble
potassinm but we have of the carbon dioxid which correlates with
it and which gives us as strong evidence as such an argument can
adduce that there was a sufficiency of water-soluble or available
potassium, probably as much as there was in the fallow land, but
less than there was in the clover or alfalfa land. We have one set
of samples taken from the corn land 11 April, 1928, and the results
are nearly identical with those for the fallow land on the same date.
The crop was 52.5 bushels of 60-pound wheat and 1000 kernels



30 CororADO EXPERIMENT STATION Bulletin 363

weighed 37.8 grams and had 41 percent yellow-berried kernels. Large
kernels that remained on our sieve weighed 48.5 grams per 1000 with
very few yellow berries but I did not count them. These big kernels
are beautiful wheat. The protein in the kernels was 13.35 percent
and in the average kernels 12.69 percent.

Tue SurrLy AND RATIOS OF THE PranT Foops Do NoT
Expraix EveErRyTHING

These more or less puzzling facts assoeiated with our corn plot
have been given in this detail for the purpose of emphasizing the fact
that the supply of plant foods and their ratios are not the only im-
portant factors in soil fertility. It is intended further to suggest
that the deportment of a crop following a preceding one may not be
more dependent upon the plant food than the sanitary condition
in which the preceding erop leaves the soil. The Bureau of Soils of
the United States Department of Agriculture suggested twenty some
vears ago that infertility in soils was not necessarily due to lack
of plant food but might be due to the presence of poisonous substances
in it. This did not meet with general aceeptance but there is prob-
ably a big basis of fact in it.

Alfalfa does not enrich the soil by inereasing the total nitrogen
and is not a crop advantageously followed by wheat but there is no
doubt about its being a valuable member in a rotation.

After the corn, the wheat did not have the strong green color or
tiller and grow as it did after the application of nitrate of soda but,
after the alfalfa and clover it did. The determinations of nitrie
nitrogen in the clover and alfalfa lands showed the presence of larger
quantities of this than we found prejudicial in previous experiments.
The amount of water-soluble potassium is also large, in the top six
inches 50 p. p. m., in the fourth six inches 33 p. p. m., and in the
sixth six inches 17 p. p. m., against 23, 12-and 14 p. p. m. for cor-
responding sections of fallow.

So far as our data go they indicate that the soil was slightly
poorer in nitric nitrogen and richer in soluble potassium when the
carbon dioxid in the soil was twice as abundant.

The fallow land produced the largest crop of very good wheat,
58 bushels per acre. Only 21 percent of the kernels were yellow-ber-
ried or showed opacity. The corn land produced the next best crop,
52 bushels of fairly good wheat with 41 percent of more or less
opaque or spotted berries. The clover land produced the next crop
in size, 46 bushels, with so good as no opaque berries, and alfalfa
land the smallest crop, 40 bushels with no opaque berries.
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In weight per 1000 kernels the wheat grown on the corn land
stands first and that from the clover stands last.

All of these relations are consonant with results observed in
studying the effeets of nitrie nitrogen and potassium upon the prop-
erties of wheat. But the growth of the wheat plants Is not in keep-
ing with any of our former observations.

These differences cannot be attributed to water supply or to the
mechanical condition of the soil, or to difference in seeding, or to
weather conditions and temperature of the soil. The characteristics
of these wheats attributable to the supply and ratios of plant foods
that come in question are expressed in the prevalence of flinty berries
and in the shrunken condition of the product from the clover and
alfalfa land, also in the bulky, light and soft straw from these, in the
better yield of wheat with only 21 percent vellow berries on the fal-
low, and the bigger kernels and prevalent vellow berry in that from
the corn land. It is very difficult to connect the lack of tillering
and the slow development and poor color of the plants on the corn
land with the food supply or with the mechanical conditions of the
soil. But these differences were very marked and we see no sug-
gestion of an explanation except that the land had been rendered,
in a certain measure, not included in any condition heretofore men-
tioned, more or less hostile to the growth of the wheat plant.

STMMARY

The reader i1s cautioned to distinguish between the conditions in
the fall of 1927, before the land was plowed and the clover and alfalfa
crops were plowed under, and in the spring of 1928, six months later,
when the wheat discussed in this bulletin was planted.  Decided
changes had taken place in this time. The nitric nitrogen had in-
creased 1n the surface portion of the alfalfa plot, but changes had
taken place in the fallow plot also, and when allowance is made for
its different distribution in the two plots, we cannot, with any
certainty, attribute the increase to the alfalfa that we plowed under
as we expected to be able to do.

It has been believed for many years that legumes, alfalfa, clover,
peas, ete., actually increase the total nitrogen in the soil on which
they grow. Total nitrogen includes all forms of nitrogen that may be
present in the soil, but we distinguish between nitric nitrogen which
is direetly available to growing plants and other forms which are not
directly available, The nitric nitrogen present in a soil varies from
time to time and also with the erop that oecupies the soil. This is
by far the more important form as it constitutes the immediate supply
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of nitrogen for the plants, but this form is derived from the other
forms of nitrogen that may be present in the soil. These other
forms may be easily or only with difficulty converted into nitrie
nitrogen.

As alfalfa is still the prineipal legume used in a rotation by our
people, though sweet clover is now being advoeated, we have present-
ed the facts arrived at by a study of alfalfa, principally, and red
clover in comparison with it. There is no question but that they bene-
fit the soil in some way but it is not by increasing the total nitrogen
as supposed. In our case the amount added in two years was wholly
negligible. The total nitrogen at the beginning of our experiment
was 0.1278 and at the end 0.1286 percent. The former sample was
taken in the spring of 1926 before the alfalfa was sown, and the
latter in the fall of 1927 before the third cutting was plowed under.
This difference of 0.0008 percent in total niirogen has no signific-
ance. This statement would not apply to nitric nitrogen.

Nitrie nitrogen, the form that corresponds to the nitrates in the
soil, is at all times comparatively small and diminishes rapidly with
depth, so that in the second six inches of soil, it is quite small—about
3 p. p. m.—and from this to a depth of six feet it is very low, most-
ly 1 p. p. m. in land occupied by alfalfa.

The leaves and stems that fall or are broken off in haymaking
add a little nitrogen, the most of which seems to be dissipated by
subsequent irrigation, winds and fermentation, but some of it re-
mains and is changed into the nitric form, so that the loose dirt and
the partly decayed material that may be scraped off the surface
sometimes shows fairly large amounts of nitric nitrogen. The little
mounds of dirt that accumulate about an alfalfa crown are not rich
in either form of nitrogen as one would expect.

The nitrates in the soil are probably those of lime and magnes-
um but, as we generally use the nitrate of soda, or Chile saltpetre,
as a fertilizer, we will give their equivalent in this salt. One part
per million of nitric nitrogen is equal to 6.07 parts per million of
sodic nitrate.

The average amount of nitric nitrogen in the top six inches of
our fallow plot from 31 May to 10 Nov. 1926 was 12 p. p. m. or
72 pounds of sodic nitrate for each million pounds of soil. Each
three inches of this soil weighs one million pounds or, in the top six
inches of the fallow, there was an average of 144 pounds of sodic
nitrate, but under the alfalfa there was only 72 pounds. In the
second six inches under the fallow, during the same period there
was 96 pounds, and 36 pounds under the alfalfa. The average for
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the top foot of the fallow land is a maintained supply of 240 pounds
of sodic nitrate per acre and, under the alfalfa, 108 pounds. For
depths greater than one foot the nitrates under the alfalfa decrease
to about 24 pounds of sodic nitrate per acre foot, while under the
fallow, we found 5 to 8 times this amount.

In regard to the water-soluble potassium, we have entirely dif-
erent relations. The whole of the nitrogen in the soil is derived from
living things, from their dead bodies, their voidings or as direct
products of their processes and is a variable quantity, especially in
the form of nitrates. This is not the case with the potassium. It
is a constituent of the soil particles. All of our sandy, loamy and
even heavier soils consist largely of potash felspars. This mineral
in an unaltered condition, carries from 9 to 13 or 14 percent of
potash (XK,0).

The felspars in the soil are already altered to some extent but
the soils containing them carry from 2.25 to 2.50 percent of potash
and this supply cannot be increased, except by direct addition, as
when we add the sulfate or muriate of potash. This mineral, fels-
par, is considered insoluble in water. Soluble and insoluble are
relative terms but from the ordinary standpoint felspar is insoluble
in water, just as insoluble as the rocks in our mountains, but even
these are attacked by water which extracts from them some of their
constituents, particularly potash. This 1s why we find this sub-
stance in the waters of our mountain streams where it occurs as
carbonate of potash. It is usual to state that this carbonic acid
comes from the air in the form of carbon dioxid; much of it may
actually come from this source but plants also furnish large amounts.

We cannot materially increase the total amount of potash in
the soil and, with 2.25 percent present, which means 90,000 pounds
per acre foot, we have no reason to try to increase this already big
total. This potash, so long as it is locked up in felspar particles,
18 so good as unavailable to plants, but not wholly so. Therefore
we have given many data on the water-soluble potassium. It might
have been better to give it as water-soluble potash but it is the pot-
assium in the potash that we are after.

The potassium in these potash felspars is extracted from them
by water, but very slowly. Carbonic aeid (carbon dioxid plus
water), whether it comes from the air or from plants, makes the
water containing it much more active than pure water, from nine to
thirteen times as active. The water in the soil is saturated with
this earbon dioxid for long periods.

The amount of this carbon dioxid in the soil-air and consequent-
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ly in the soil moisture is an important agent in supplying the plants
with potassium. This means making the potassimm in the felspar
available to the plants by increasing the amount of available potas-
sium in the soil.

We generally state that the supply of carbonic aecid, in our
mountain waters, for example, is obtained by dissolving the carbon
dioxid out of the air which contains about three parts in each
10,000. The soil also has an atmosphere and this is much richer in
carbon dioxid than our ordinary atmosphere. The purely inor-
ganic portion of the soil does not give off carbonic dioxid. Some
of the inorganie constituents take 1t up or fix it, as lime, when it
becomes carbonate of lime or marl, but the soil-air is heavily laden
with carbon dioxid; usually ten to twenty times as heavily as the
ordinary air. The carbon dioxid comes from the activities of the
organisms that live in the soil. We think of them as producing de-
cay of organic matter. This is a convenient way of thinking of
them. This source of carbon dioxid is very small compared with
growing plants. We will recall the effects of alfalfa only in this
respect because it is the prinecipal subject of our study, and for the
further reason that its period of activity is very long, in fact,
throughout the year. The ordinary air contains about three parts
of carbon dioxid in each 10,000 parts. The soil-air in fallow ground
contains up to 60 parts but the soil-air under alfalfa contains up te
nearly 300 parts or is nearly one hundred times richer than our
ordinary atmosphere. Clover is also a very active producer of carbon
dioxid throughout its growing period. Carbon dioxid is the active
agent in making the potassium soluble and is also probably an
important factor in determining the biological conditions that exist
in the soils.

We determined the soluble potassium in fallow ground and
under alfalfa, also under clover, to see how this matter actually
stood in the field. We found the soluble potassium more than
twice as high under the alfalfa as in the fallow land. This was the
rule throughout the season and not simply for two months as given
in the text of this bulletin.

There was nothing on or in the fallow land to use up the avail-
able potassium except the soil population itself whereas the alfalfa
was producing a heavy crop and it is a heavy feeder especially so on
potassium. The net result of the occupancy of the land for two seas-
ons by the alfalfa, during which time we had removed four heavy
cuttings of alfalfa, was an inecrease of the water-soluble potassium
equivalent to 1600 pounds of sulfate of potash in the top two feet
of soil. This is In strong contrast to the results obtained for the
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total nitrogen which was not increased, while the nitric nitrogen
was reduced to a small amount.

The third element of plant food, phosphoric acid, has been
omitted, because the results of many experiments indicate that the
supply in the soil is adegunate to produce its maximum effect upon
the production of erops and their quality. The effect of the carbon
dioxid on the availability of the phosphoric acid present seems
to have been very favorable, rendering it easily soluble. A goodly
portion of the phosphoric acid in the soil has probably been brought
into solution and redeposited with the calcareous material now in-
crusting the soil partieles.

This does not merely mean that the sand grains composing the
mass of the soil are now covered with such material but that all part-
icles, even the clay aggregates, are loaded with such caleareous mat-
ter.

While the nitrogen, potash and phosphoric acid are the fertil-
izing factors that we can effectively modify, and so much stress is
laid on them, we might think that they are the only ones to be con-
sidered, this is not so. The acidity of the soil and its lime require-
ments, the tilth and mechanical condition of the soil are factors al-
ways taken into consideration, but usually they are evident and
scarcely need specification. Our soil is alkaline (pH=7.6), and car-
ries an abundance of lime as ecalcic carbonate. The soil tends to
puddle on the surface but this is easily obviated and the tilth is
thoroughly satisfactory.

At the end of our main experiment our further work proceeded
in two somewhat different lines, the one presented in this bulletin,
the deportment of the land toward crops, and a second one, the
changes that take place in it when ecultivated fallow. This latter
feature is not presented herein but will form a separate subject.
Of course the changes that take place in the fallowed land may also
take place in the cropped land but they are modified by the crop
and, on the other hand, the crop is modified by them. The crop
grown was wheat. We have given, in the preceding pages, an ac-
count of the results.

Qur best crop was after the fallow. In volume it exceeded
that after alfalfa by a little more than 18 bushels per acre. In
quality it was excellent being practically the same as that after
clover.

The second best erop was after corn. This plot had been in
wheat in 1926 and in corn in 1927. The protein in this wheat was
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ouly fairly high, 12.69 percent. while that from the fallow was 17.26
and from clover plot 17.51. The wheat from the alfalfa carried
19.13 percent protein but was decidedly shrunken though the ker-
nels weighed more per 1000 than those from the fallow.

The growth and development of the plants on these different
plots presented opportunity for numerous observations.

The plants on the alfalfa land were vigorous, stooled freely,
had broad green leaves, produced shrunken kernels with bulky scft
straw and the yield was 40 bushels against 58 on the fallow.

Earlier experiments establish the fact that as much as 15 p.p.m.
of nitric nitrogen present in the top foot of soil at the time of plant-
ing is sufficient to be detrimental to the crop. We find the average
nitric nitrogen in the top foot of the alfalfa plot from 31 March to
8 May, 1928, to have been 14.2 p.p.m. This statement covers only
the month of April because the grocwing crop probably had not yet
materially modified the conditions in the portion of the plot occu-
pied by it. That portion of the plot that was free for sampling
was at all times throughout the season of 1928 very rich in water-
soluble potassium, 51 p.p.m. against 30 p.p.m. in the fallow. This
should have operated to offset the effects of the nitric nitrogen ac-
cording to our previous observations. It may have done so to some
extent but it did not prevent the appearance of the results associated
with the application of nitric nitrogen.

The remarks just made apply also to the crop grown after clover,
but in a slightly less degree.

The crop after fallow was our best one; it gave the highest
vield of grain. This grain carried 17.26 percent of protein (NX5.7)
while wheat after clover carried 17.51 percent, but one-fifth of the
kernels was affected more or less by yellow-berry. The average
nitric nitrogen present in the top six inches of the fallow was 12.5
p.p.m. and the water-soluble potassium was 29.9 p.p.m. We evident-
ly had, according to the deportment of the plants, the yleld, and
character of the grain more favorable conditions in this plot for
the wheat than in either the alfalfa or clover plots. The plants
had an excellent color, made a good growth, tillered a little less
freely than those on the alfalfa and produced a much better yield
than the alfalfa plot, 18 bushels more per acre, but 21 percent of
the kernels showed the yellow-berry condition in some degree.

The ratio of nitrie nitrogen to water-soluble potassium for April,
the month of planting, was, for the alfalfa land from 14.2 p.p.m.
to 51 p.p.m.; in the fallow land it was 12.5 p.p.m. to 30 p.p.m., or,
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for alfalfa, one of nitric nitrogen to three of potassium, and one
to two and fourth-tenths for the fallow. Had we added enough nitrie
nitrogen to land carrying 18 p.p.m. of water-soluble potassinm to
bring the total nitrie nitrogen to 14 p.p.m., we would have had more
unfavorable results, still this ratio for the alfalfa land justifies the
guestion, why were the results not more favorable? With a lower
ratio in the fallow we have more favorable results; in fact, we have
both a good crop, 58.2 bushels, and very good wheat, 17.26 percent
protein. After the alfalfa we had 40 bushels and the wheat was
very high in protein, 19.1 percent.

All of this shows that we have not ecnsidered all of the factors;
the ratio of the nitric nitrogen to the water-soluble potassium is a
very big factor but not the only one. The alfalfa and the clover
also have produced some condition in the so0il, in this case condueive
to vegetative growth, that did not exist in the same degree in the
tallow soil.

This suggestion made by these crops, that the supply of plant
foods and their ratios, while very important, may be considered too
exclusively and estimated too highly is even more strongly suggested
by the e¢rop grown after corn. This crop was our second in volume,
52.5 bushels per acre, and lowest in protein, 12.75 percent. The
vield compared with either of the other plots, judging by the ap-
pearance of the plants and their growth during the season, is de-
¢idedly surprising and the guality of the wheat compared with that
produced on the fallow is quite as much so.

There are other factors than the amounts and ratios of the
plant foods which may at times become the controlling ones. In
the alfalfa land, the conditions favoring vegetative functions were
undoubtedly favorable and, had we seeded our plot at the rate of
40 pounds or even less to the acre, we would almost certainly have
had better results, but we did not know how to take advantage of
the conditions in the soil that might have proven favorable,

After the corn we have different conditions which cannot be
attributed to the food supply with the support of any compelling
convietion that this was the real cause.

The seed germinated just as freely as in the other plots, the
plants grew slowly, did not tiller well, did not have the strong grow-
ing characters, did not have the deep green color of the plants on the
other plots and developed late. On 22 June they were six inches
shorter than the other plants, hut by 10 July they were almost as
tall.
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This deportment cannot be attributed to the supply of plant
food, nor to any physical condition of the soil. The plot lay between
the fallow and alfalfa plots and had received the same treatment,
All were in excellent condition. The deportment of the plants and
the characteristic of the kernels were different, 41 percent of them
were more or less affected with yellow-berry and their protein con-
tent was 12.5 percent against 17.29 in those from the fallow.

The most perplexing question for us is that of plant food. The
land had been in wheat during the season of 1926, was fallow till
following spring, 1927, was then planted to corn which was re-
moved leaving no stubble in early September when it was plowed
and left in that condition till the following April when the wheat
was Sown.

The unplanted portion of this plot was sampled 11 April, 1928,
and the fallow along side of it on 4 April. The nitric nitrogen in
the top six inches of the corn plot was 10 p.p.m, in the fallow 15
p.p.m., and in the clover plot it was 12 p.p.m. While it is the
lowest of the three, the amount present is sufficient to produce
a luxuriant growth of wheat but the growth was not such. In re
gard to the water-soluble potassium, the corn plot carried 34.5 p.p.m.,,
the fallow 35.9 p.p.m., and the clover 34.9 p.p.m. The wheat on the
clover plot with 12 p.p.m. of nitric nitrogen in the top six inches
and with 34.9 p.p.m. of water-soluble potassium stooled freely, had
a strong green color and grew rankly, all marks of over-fed plants.
That on the corn land with 10 p.p.m. of nitric nitrogen and 34.5
p.p.m. of water-soluble potassium was decidedly inferior in appear-
ance and growth to that on the clover land, also to that on the
fallow, till it was threshed, when the yield was found to be better
by more than six bushels per acre than that from the clover land,
and almost as much below the fallow. In spite of its lack of prom-
ise compared with the other plots it gave a good yield, 52.5 bushels,
and the second largest of the four.

Perhaps we can correctly account for the 41 percent of yellow-
berry by attributing it to the ratio of water-soluble potassium to
the nitric nitrogen, 3.5 to 1, but we certainly cannot explain the
differences in either growth or yield or both between the ciover and
the corn plot by the differences in the supply of plant food at the
time of planting. If the supply in general is sufficient, this is the
important period. The nitric nitrogen in the clover land, top six
inches, was 12 p.p.m., in the corn land, 10 p.p.m.; the water- soluble
potassium in the eclover land was 34.9 p.p.m., in the corn land 34.5
p.p.m. There was more difference between the plants on the clover
land and those on the corn land than between those on the fallow
and the corn.
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There is something in the land after two years in clover or
alfalfa besides any modification in the amount of plant foods that
is favorable to the vegetative funetions of the plant; in this case
we have this effect contrasted with that of the corn which is not
favorable to the vegetative functions of the wheat plant; it is toxie.
This toxie property is absent from the fallow land and the favor-
able effect of alfalfa or clover is, in a large measure, wanting. We
have indicated this as a sanitary condition of the soil which does
not adequately indicate the condition. The corn land influenced
the development of the wheat plants unfavorably; it was toxie.

In this case we believe that there is something present whose
nature is not more nearly known, but we speak of it as a toxin. In
the case of clover and alfalfa there is something that favors growth.
We might call it favorin.
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