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EFFECTS OF CLOVER AND ALFALFA

IN ROTATION
BY WM. P. HEADDEN

Some observations on the amount of carbon dioxid in the
soil air in fallow land and in that occupied by clover and grasses
"vere given in Bulletin 319 of this station.

The action of carbon dioxid and water upon felspar was
given in a rather extended measure because this is of fundamen
tal importance in our considerations. Felspar constitutes the
larger portion of our soils, up to 70 percent in most cases and
sometimes even more.

CARBON DIOXID GIVEN OFF BY PLANTS

Carbon dioxid is the important agent in effecting ehemieal
changes in the soil. This carbon dioxid is given off by the
plants through their roots. The roots continue to give off car
bon dioxid freely after removal of the plants from the soil and
the tops have been cut off. This is true after the roots have been
sterilized by washing in mercuric-chlorid solution but their ac
tivity in the soil during the life of the plant is largely dependent
upon the aerial portion of the plant. Vigorously growing clover
or alfalfa floods the soil with carbon dioxid. If the immature
clover be cut and the growing process be thus effectively checked,
the carbon dioxid in the soil air falls abruptly to a lovv figure;
son1e observations indicate that it falls as low or even lower than
in adj acent fallow land on the same date.

ACTION OF CARBON DIOXID

The chemical action of the carbon dioxid is to increase the
"vater-soluble potassium in the soil. What its biological effects
may be I do not know except that it is favorable to the develop
nlent of some fungi and also to some bacteria. The presence of
this carbon dioxid in the soil is very largely due to the clover
or alfalfa or wheat, whichever it may be. Clover and alfalfa
are the plants had in view throughout all of this work though
\vheat and corn were studied also as guides in judging the cor
rectness of our observations on the fallow, clover and alfalfa
plots.



4 COLORADO EXPERIMENT STATION Bulletin .] (;.~

BIOLOGICAL CHANGES

There are probably important biological changes \vhich
chemical analysis in no measure indicates. We are satisfied that
this is true. The observed abundant sporulation of certain fungi
and the free germination of fungous spores in an atmosphere
rich in carbon dioxid are facts proving the infiuenee of carbon
dioxid in this direction. If I am not mistaken it is proved that
the spores of some fungi will not germinate in an atmosphere
free from carbon dioxide

The whole practice of rotation is based on the theory that
certain crops can advantageously follow certain other crops be
cause the preceding crop leaves the soil in a favorable condition.
This favorable condition is often attributed to the different food
requirements of the crops. The preceding crop, that is favorable
to the succeeding one, has changed the ratio of the plant foods
present in a beneficial manner.

Given an adequate supply of phosphoric acid, the potato
yield will respond lTIOre readily to an increase of potash than of
nitrogen. It is a common practice with our potato growers to
follow alfalfa with a potato crop. This is good practice and the
facts in the case can be made to fit our explanation admirably
and no one would deny the probability that the explanation in
this case is, in the main, correct, but it is certainly not the \vhole
truth and for another crop, wheat for instance, other factors
than those involved in the growing of the potato c.rop playa
more important part. The amount and kind of plant food avail
able are undoubtedly important, but no more so than other con
ditions. These features of our experiment have been given in
some detail in Bulletin 363 entitled The Effeets of Clover and
Alfalfa in a Rotation, Part III in which the effects of clover, fal
lovv, corn and alfalfa on the growth, yield and character of \vheat
were studied. The results were not such as would ordinarily be
predicted and showed unmistakably that plant food alone is tC)o
narrow a basis for a reasonable presentation of the effects.

FOOD SUPPLY NOT THE ONLY FACTOR

The sanitary condition of the soil-the presence of toxic.
conditions or such as are actively favorable for vegetative
growth and tending to retard seed production-is apparently
more important than the actual food supply present in the lanel
\vith which we experimented. Some effects of the food supply are
to be recognized as very probable but this is not the determining
factor in the size and character of the crop. There is something
else. These points are discussed in the Bulletin 363.
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Our object in the present bulletin is quite different and at
best ean only incidentally, if at all, touch upon the crops grown
after a 2-years oecupancy of the land by clover, alfalfa, corn or
fallow.

OPERATIONS OF THE THIRD SEASON

At the end of the second season the whole land, fallovv and
cropped, was plowed. The corn had been removed by pulling it
up so that there was not even stubble to be plowed under, but
there was a very heavy growth of clover and alfalfa on the re
spective plots. We had followed the carbon dioxid in the soil air
of these plots for two' seasons. In tIle fallow we found up to
60 p. p. 10,000. Under the wheat that occupied two plots 1 year,
and "vas followed by corn the next year, we found up to ] 75 p. p.
10,000 at the period of its maximum growth, shortly before ma
turity; under corn at a similar stage of development about 110
p. p. 10,000; under clover and alfalfa large quantities of carbon
clioxid for the greater part of the season, at times reaching 270
p. p. 10,000.

The principal chemical effect established for the carbon
dioxid was the bringing of potassium into a water-soluble condi
tion. This was established by experiments given in Bulletin 319
and again by determinations of the water-soluble potassium in
the different plots, fallow and occupied by crops. The alfalfa
for instance carried twice as much water-soluble potassium as
the fallow. The total and nitric nitrogen had also been follo,ved
for two seasons.

CHANGED CONDITIONS BY PLOWING UNDER CROPS

When we plowed this land, especially "vhen vve plovved un
cleI' heavy growths of clover and alfalfa, we changed our condi
tions in these plots radically, but the plovving changed the condi
tions in the other plots too.

These plots vvere plo,ved on 13 Sept., 1927. We had follo\v
eel the amount of carbon dioxid maintained in the various plots
during the preceding two seasons, also the total and nitric l1itro
gen. We had studied the effects of the crops on the exchange
values of this soil and the changes in the anlount of water-soluble
potassium for one season. We did not appreciate the importance
of this factor at the beginning of the first season, not till the
experiments recorded in Bulletin 319 demonstrated its illlpor
tanee.
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The simple question that we presented to ourselves was ho\v
\vill this land deport itself if cultivated falloy\T during the suc
ceeding season and how toward crops. The second portion of
this question has been presented in Bulletin 362 and y\Te shall
endeavor to answer the first portion in the folloy\Ting pages.

TJIREE CLASSES OF INORGANIC CONSTITUENTS OF SOIL

Concerning the soil, meaning thereby the purely inorganic
portions, we have practically divided it into three divisions:
First, the strictly mineralogical eonstituents still retaining their
original form and properties practically intact; second, aggre
gates and incrustations, consisting of products derived from the
first, which in our case furnish the plants their mineral consti
tuents; and a third portion consisting of a complex \vhose ex
change value does not differ materially from 13 milligram
equivalents of hydrogen. This complex is not affected by the
growing crops. While it is possible that changes occur in this
complex under the influence of the crops, the net result leaves
it unchanged. The aggregates made up of calcareous clay and
clayey incrustations of very porous carbonate of lin1e carry the
readily available potassium and phosphoric acid.

PHOSPHORIC ACID NOT CONSIDERED

The statement concerning phosphoric acid is based on the
very easy solubility of a portion of this substance, even in dilute
acids. It has been stated elsewhere that we practically leave this
factor out of consideration because numerous experiments indi
cate that there is enough available phosphoric acid in this soil
to produce its maximum effects upon a growing crop \vhether
much or little nitric nitrogen be present. The effect of a liberal
supply of nitric nitrogen is to lessen the amount of phosphorus
taken up by the plants. The presence of a good supply of phos
phoric acid, from 0.156 to 0.186 percent, and the ready solubil
ity of at least one-half of this, together with the results obtained
by adding it in various amounts in many experiments, justify
us in considering it as without interest in this ,york.

THE QUESTIONS CONSIDERED

There remain the questions of nitrogen supply, especially
that of nitric nitrogen, available or water-soluble potassiun1, and
the general sanitary conditions in the soil. This latter depends
upon many things, some of them probably not as yet recognized.
Among these, hOy\Tever, are the ability of the soil to fix and to
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nitrify nitrogen, the one helping to maintain the supply of total
nitrogen and the other the ability of the soil to transform non
available into available nitrogen for plants, both cultural and
those belonging to the soil population.

This soil population is of great importance which we real
ize luore fully when it becomes pathogenic and destroys our
crops. In the greater number of cases our soil population is not
pathogenic but contributes both directly and indirectly to the
better growth of plants. We even inoculate our soil if its popu
lation is deficient in certain respects. V'le desist from planting
certain crops for years to starve certain inhabitants of the soil
vvhich have proved themselves antagonistic to our interests.
These practices recognize the sanitary and unsanitary conditions
of our soils for certain crops, dependent upon the organisms
forming the population of the soil. There also may be products
forn1ed by these organisms and also by the cultivated plants
\vhich may be beneficial or harmful to succeeding crops. In the
former ease, vve suggest the nanle favorins; in the latter they
are called toxins.

GROWTH OF CROPS .AND SUPPLY OF PLANT FOOD

Great stress has been placed upon the supply of plant foods,
phosphoric acid, potassium and nitrogen, and conlparatively
little upon these sanitary conditions. In discussing the gro"\vth
of \vheat after clover, alfalfa, fallow and corn, "\ve vvere "\vholly
unwilling to believe that the inferior vegetative po"\ver of the
vvheat after corn \vas due to a lack of any plant food but believed
it to be caused by SOll1e other factor vvhich vvas antagonistic to
the plant, vvhile after the clover and alfalfa there \vas a SOll1e
thing decidedly favorable to this function of the plant. In the
fallo\v land this favorable sOluething \vas in better balance vvitl1
other conditions and gave us the best results.

The statement of results in total "\veight of crop, or yield in
bushels, gives no adequate idea of the differences ill the gro\vth
and appearance of the different plots during the growing season.
The fact is that the dry matter produced and the grain yielded
yvere not in keeping with the respective appearance, or apparent
promise, of the crops. This statement might be considered as
needing modification in regard to the crop after fallow but there
is no question about the other three; after the alfalfa and clov
er it fell far behind the promise, but after the corn both the
'vveight of dry matter and the bushels per acre exceeded the
promise. The yield of grain was after the fallow 58.2, after the
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eorn 52.5, after clover 46.0, and after alfalfa 40.4 bushels per
acre.

The nitrogen of our soils is of animal or vegetable origin.
The traee that may be formed by the direct union of elements
in the atmosphere is an insignificant quantity. The phosphoric
acid and potassium are originally furnished by the c.onstituents
of the soil. Carbon dioxid effeets the elimination of both phos
phoric acid and potassium from these minerals at ~ COD1para
tively rapid rate, facilitating tIle building of aggregates of the
clay, carbonate of lime, and possibly of other alteration products
of these minerals.

CARBON DIOXID AN ACTIVE AGENT

The active agents in bringing about these changes are car
bon dioxid and water and the carbon dioxid observed in our ex
periments was produced by the growing plants and not fron1
dead ones. The fallow plots, especially during the first season
while the organic matter, plant debris or of whatever character
it may have been was presumably essentially the same in all the
plots, gave us a measure of the carbon dioxid that owed its or
igin to the action of the soil population. The amount is not in
significant up to 60 p. p. 10,000 of the soil air, but the alfalfa
increased it up to 270 p. p. 10,000.

OUR PROBLEM CHANGED BY PLOWING UNDER THE CROPS

When we plowed the crops under we changed these condi
tions. The clover and alfalfa roots, also the tops, were still in
the soil. The activity of the aerial parts of the plants was cer
tainly stopped, but that of the roots was not so certainly elimin
ated.

The fallow ground was plowed at the same tiD1e and its con
ditions were likewise changed.

Our problems now become almost new ones and more in·
volved. What course will the supply of carbon dioxid now take?
What will happen in the matter of the water-soluble potassium?
Will the nitrogen increase by fixation and if so how will it be
affected by the treatment of the different plots? What will be
the course taken by the nitric nitrogen? Will it now be n10re
abundant in the soil with the clover and alfalfa plowed under or
in the fallow as heretofore? How long will the various effects
persist? Can we in one season find the time of their duration
or should \ve try to follow them for a longer time?
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We tried the shorter and easier method of. measuring the
effects of our rotation by the direct method of planting wheat
after the rotation. The results are given elsewhere. The ef
fects were very different. Were they due to the plant residues
(.)r to some other product? There were no plant residues after
the fallow. This had been kept entirely free from vegetation
for two seasons. The corn was pulled after having been irrigat
ed, where vve left only a comparatively small mass of roots. In
the cases of the clover and alfalfa heavy growths were plowed
uncleI' ..

We can only surmise what would have been the result if
\ve could have pulled out these crops as cleanly as we did the
earn. It seems to me probable that we would have had the same
kind of differences that we actually observed, but not so strongly
marked.

TOTAL NITROGEN IN PLOTS ON DIFFERENT DATES

In a fornler bulletin, Bulletin 362, of this station we gave
the results of a somewhat extended study of the amount of total
nitrogen and nitric nitrogen in land planted to alfalfa to ascer
tain whether there was an actual gain in the total or not. The
c.onclusion was that while an increase had probably taken place
it was so small that it was negligible. It is so good as impos
sible to sample even a comparatively small plot, say one-twen
tieth of an acre, to a depth of 1 foot on two different dates using
the same method and the same operator and obtain identical re
snIts; there may be variations up to several hundredths of 1
percent. I have elsewhere insisted upon the necessity of recog
nizing this difficulty and nlention it here again. YVe sanlpled
our alfalfa plots in the spring of 1926 and found for total nitro
gen 0.1278 percent. They were again sampled in the fall of
1927 and gave 0.1268, and again in the spring of 1928 and gave
0.1237 perc.ent. These samples were not taken by the san1e
operator but they represent the same depth of soil taken in one.
3-inch and one 9-inch section which we have here averaged to
represent a depth of 1 foot. The results are unusually close \vith
a maximum difference of 0.0042 percent. Samples taken close
together in· apparently identical soil may vary ten times this
amount in total nitrogen.

These plots were sampled agail1 10 Oct., 1927, one month
after the c.rops were plowed under and an average of 0.1290
percent was found. This average is raised because there was
an apparent increase in one of the plots to 0.1435 percent. The
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check plot beside this had apparently increased also to 0.1400.
The apparent increase is quite certainly not due to the alfalfa
plovved under for the fallow has, according to this sampling, in
creased more than the alfalfa land because it was previously
lower than this.

DISCUSSION CONFINED TO ONE-FoOT SAMPLES

While we took the samples in sections and to much greater
depths than 1 foot, we believe that this depth represents very
fairly the changes in the amount of nitrogen present in the soil.
Alt a depth greater than 1 foot, the falling off in the total nitro
gen is so rapid that an average including it ,vould be of little
value. The distribution of the nitric nitrogen may be very dif
ferent from that of the total as a rainfall or an irrigation lliay
affect this very materially. We have found evidence of this at
4 and even 9 feet below the surface. These were extren1e cases
il1 our experience.

EFFECTS OF ROTATION ON FIXATION AND NITRIFICATION

The object in discussing the nitrogen question in this bulle
tin is a different one from that had in vievv in preceding bulle
tins. Previously we were concerned ,vith the actual an10unts
of total and nitric nitrogen present; now we 'ivish to ascertain
whether the soil of the different plots after 2 years in clover,
alfalfa and fallow respectively, and after 2 years, 1 in wheat and
the other in corn are equally efficient in fixing and nitrifying nI
trogen. The plots never had an identical content of nitrogen
and we do not know that they were equally efficient in fixing
and nitrifying it. We have to depend upon our check plots as
guides in these respects. No amendments were added to the
plots as our object has been to ascertain what probably took
place in the soil during the season that followed the termination
of our previous experiments.

CHECKS AT A DISADVANTAGE

Our checks are at a disadvantage in this case, for they had
been kept f:t;'ee from vegetation for two seasons and any organic
matter that they may have contained at the beginning had suf
fered loss by oxidation due largely, perhaps mostly, to the action
of the soil population. The plots were not only kept fallo"\v
during the third season but were irrigated and cultivated the
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same as those that had had the clover and alfalfa plowed under
in the fall of 1927.

Concerning these latter it may be a question whether it
vvas wise to plow under the crops in the fall, because there were
6 months between this plowing and the time when our later ob
servations, sampling and planting could be begun in the follow
ing spring, 1928. The destruction of the green alfalfa and clov
e!' followed quickly, just how quickly we do not know, but it was
not complete for a long time as was shown by the persistency of
t.he stubble and roots and even leaves.

WHAT TI-IE SAMPLES OF 10 OCTOBER, 1927 SHOW

The data given for the total nitrogen by the samplings of
10 Oct., 1927, 27 days after the crops were plowed under, sug
gest several questions. These samplings show for one set of
plots at the north end of our land, one each of alfalfa, fallo\v and
clover, total nitrogen equal to 0.1146, 0.1043 and 0.1190, respec.
tively, which show no increase, while a similar set at the south
end gives 0.1435, 0.1400, 0.1472 percent. The averages for the two
sets of plots are alfalfa 0.1290, fa11o"v 0.1222 and clover 0.1340
percent. The average for the alfalfa in 1926 was 0.1278 \;vhich
gives us a difference of 0.0012 percent, a difference so sn1al1
t.hat it falls vvell within the lilnits of the differences bet\veen
samples taken at the same time. It n1ay be of doubtful advis
ability to average the t"vo sets when the set from the south end
taken by itself is decidedly high compared witl1 the 1926 de
t.ern1inations but this cannot justly be attributed to the alfalfa
or clover for the check has increased as n1uch as these. The
average for our alfalfa plots on 21 May 1926, was 0.1278 and
for the fallo\v 0.1298. According to this the increase in the
alfalfa land is 0.0157 and for the fallo\v land, 0.0102 percent,
and is in both cases lTIOre than the nitrogen added vvith the crops.

NITROGEN ADDED WITH THE CROPS VS. THE ANALYTICAL DATA

These data suggest several questions. One is, Is the amount
of nitrogen added with the crops sufficient to affect the analyti
ca.l results strongly enough to show satisfactorily that an ef
fect has been produced greater than the variations in samples
t.aken at any given time? It would take a considerable amou11t
of nitrogen -to do this as this variation may amount to several
hundredths of 1 percent. We have shown that the sin1ple occu
pancy of the land by the alfalfa does not increase the total 11itro-
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gen, so any increase must be effected by direct addition with
the crop plowed under. \Ve have given the green matter plowed
under as approximately 6 tons. This is equivalent to 1.5 tons
of hay carrying, in i'ound numbers, 2 percent of nitrogen, or 60
pounds of nitrogen. The stubble to a depth of 6 inches is very
close to 4 tons to tI1e acre, equal to a little more than 1.5 tons of
dry n1atter with 1.5 percent of nitrogen, or 47 pounds per ac.re.
This makes a total of 107 pounds, probably added in the form of
green alfalfa and its corresponding stubble. The land ,vas
plowed to about 6 inches and the crop well covered. \Ve ought
to get the total eft"ect of this on the nitrogen content of the soil
within the surface foot which we took as a sample.

The vveight of this soil per acre foot is a trifle over 4,000,
000 pounds and the nitrogen added is 107 pounds or 27 parts
per million, but according to our data the inerease from the
spring of 1927 to 10 Oct. 1927 is from four to six times as great
as the nitrogen added and it must have come from some other
source than the crops plowed under. That this is actually the
case is indicated by the results obtained with the samples taken
from the fallovv to which nothing had been added. These state
ments pertain to the total nitrogen which' includes the nitric
nitrogen.

Total nitrogen is an active agent in promoting plant devel
op"'ment only in the measure that it is converted into nitric nitro
gen. The nitrifying power of the soil determines how fast the
total nitrogen passes from nitrogen to nitric acid and thereby
becomes active. The soil itself has the power of fixing nitrogen
by virtue of organisms living in it in a free state and do not need
a host plant to function. This power can be affected by the rota
tion, therefore we incubated samples of this soil after the rota
tion to see if and how these processes had been affected. Agajn
we depend upon our check plots as criteria by which to judge.,
assuming that these represent, very nearly at least, '\That the
test plots would have been had the clover and alfalfa not been
grown on them and plowed under.

These points were studied by following the total and nitric
nitrogen through the season of 1928 from 27 April till 5 October
by means of large field samples taken every 10 days, as nearly
as conditions permitted; 15 samplings were made during this
period, four of which were incubated. Three general samplings
were made in the fall and winter of 1927. Of course the nitrir
nitrogen ,vas studied at the same time.

We have two series of tests, one giving the total and nitric
nitrogen for samples as they were taken in the field, 15 sam-
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p"ling·s. In addition to these seven large field samples were incu
bated to determine the fixing and nitrifying power of the soils
as they lay in the field. This means that our incubation experi
ments differed in no manner from the same processes that were
actually going on in the field except that we made the moisture
up to 17 percent and kept the temperature around 27°C. for
40 days. The samples were tested at the end of 30 and again
at the end of 40 days.

The water added was ammonia-free, and the incubations
l1lade in a room in which no analytical work or other chemical
rnanipulations were carried out. The tables giving the results
of these experiments will be given a little later.

WHY CARBON DIOXID IN SOIL WAS FOLLOWED IN 1928

rrhese experiments will present one feature of our study of
the conditions obtaining in the soil during the season following
the cropping and fallowing for two seasons. This is only one of
three bigger features to present themselves. The key to this
whole study has been presented as the carbon dioxid given off
by the roots of the respective crops during their growth, irre
spective of any processes of decay that might be going on. We
have presented in other bulletins the observations of six seasons
on this subject. The question concerning this factor does not
cease with the plowing up of the crops but it extends to the en
suing season. We have followed its quantity in the soil air for
1 year after the destruction of the growing crops. We were 110t
directly concerned about the source of this carbon dioxid but
vlith its quantity and persistency. The reason is evident frolll
the following considerations.

The benefits accruing to the soil frolll a rotation so far as
111ineral foods are concerned is due to the illcreased quantity of
\vater-soluble potassium present and not to any actual increase
of the nitrogen. The agent that effects this increase in water
soluble potassium is carbon dioxid. Water is of course assunled
in the soil or there would be no vegetation. We proposed to
study this \vater-soluble potassiunl in regard to its amount in
.the various plots during the season, to ascertain to what extent
it persisted and how it varied.

We may here call the reader's attention to the fact that
simultaneously with this work we were growing a crop of wheat
on portions of these plots. The results obtained are presented
in another bulletin.



14 COLORADO EXPERIMENT STATION

WATER-SOLUBLE POTASSIUM AND NITRIC NITROGEN IN SOIL IN
1928

In order to follow this water-soluble potassium throughout
the seasons, samples were taken weekly from 23 March till 26
Sept. 1928. In these samples we determined the water-soluble
potassium and the nitric nitrogen.

This presents the scope of the vvork forming the basis of
this bulletin. The convictions based on it are that the teachings
concerning the manner in which plants, the legumes in particu
lar, are efficient in benefiting land by addition of nitrogen to the
soil are not correct but that the addition to the available plant
food is in the form of water-soluble potassiunl effected by the
action of the carbon 'dioxid given off by their roots. This is
only one of the benefits and while we shall present our study of
the persistence of this water-soluble potassium, we shall en
deavor to set forth other effects of plant growth upon those soil
conditions which affect its fixing and nitrifying power. After
,ve shall have done the best we Inay to show their effects on the
plant foods, it will clearly appear that these crops impart to the
soil properties favorable to vegetation that are not of the nature
of what is understood by plant foods. When we see something
dimly and wish to insist on its reality "\ve call it by some name
as a cloak for our ignorance. The sanitary condition of the soil
serves my purpose in this case.

OBJECT OF INCUBATION EXPERIl\1ENTS

Our incubation tests constitute an attempt to aseertain the
influence of our 2-year experiment upon the fixing and nitrify
ing efficiency of these plots. These fU11ctions are probably de
pressed by our crops. It is, I think, definitely shown by our re
sults in studying this crop that the wheat crop depresses the
nitrifying process. We have previously made no effort to ascer
tain the effects upon the fixing process. The nearest approach
to this was in a study of the effects of a green n1anuring upon
the quality of sugar beets, but the results bore more directly
upon the production of nitrates during subsequent cropping
than to fixation. This experiment was based upon the fact that
the application of excessive nitrates suppresses the sugar con
tent of the beet; further, that large quantities of nitrates de
veloped in the soil and the quality of the beets was low. By
green manuring we 110ped to anticipate this condition. The
results were: Without green manuring the beets carried in
round numbers 11.0 percent sugar; after green manuring 16.0
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percent. We have grown and plowed under our clover and alfal
fa crops. The soil of the alfalfa land was not enriched in total
nitrogen and was kept poor in nitric nitrogen. We wish to as
certain by experiment what the soil's deportment in these re
,,,pects is after the crops have been plowed under and the soil
cultivated fallow to avoid the influence of a growing crop. We
plowed our crops under on 13 Sept. because at this time the
plants were well matured and the crops were heavy. We used
the same fallows that we had been observing for the two seasons.
This was probably a severe and somewhat unfavorable condi
tion for the fallow as it maintained the fallow for three suc
cessive seasons and the original nitrogen content had probably
been lessened and the easily nitrifiable nitrogen had probably
been diminished disproportionately to the amount of total nitro
gen while the green alfalfa and clover plowed under offered a
relatively large amount of easily nitrifiable nitrogen and food
for a greatly increased micro-population. The amount of total
nitrogen added with the crops has been given. It was not more
than 27 p.p.m. for the surface foot. The nitric nitrogen added
in this way was insignificant. This section of our work is an
inquiry into the effects of the green crops upon these nitrogen
relations. The following tables present our data obtained. A
diagram of the plots is given to avoid confusion of samples.

The whole plot was cultivated fallow in 1928 except a nar
row strip on the east side which was planted to wheat. This
bulletin presents the results of observations made on the fallo\v
portion for the season of 1928.
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DIAGRAM OF EXPERIMENTS AS CONDUCTED DURI:'\G SEASONS
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The alfalfa and fallow plots were sampled for total and
nitric nitrogen in the spring of 1926 at the beginning of our
experiments and again in the fall of this year. The results are
given as a basis for comparison with later results which, how
ever, are given in much more detail. These samples were taken
to a depth of 1 foot in 2 sections of 6 inches each. Unless
one has a specific reason for taking samples to a greater depth
than 1 foot, there is no good purpose served by doing so. There
n1ay be a question into what sections it is best to divide this
foot; later we made the sections 3 and 9 inches respectively.
As these samples were composite ones of the fallow and alfalfa
plots respectively, we have given the averages for the foot
salTIpled as these may be, after all, as fair a basis for comparison
a? any other.

TABLE I.-Total and Nitric Nitrogen in the Fallo,v· and Alfalfa Plots in Spring
llf 1926.

Fallo·w Plots

0-6" 7-12" Average

Total Nitric Total ~itric Total :0Jitric
per- p.p.m. per- p.p.m. per- p.p.Rl.
cent cent cent

~1 May 1926 .1400 7 .1197 9 .1299 8
19 June 1926 .1302 11 .1134 10 .1218 11
~9 June 1926 .1302 12 .1085 8 .1194 10

Alfalfa Plots
~1 May 1926 .1506 2 .1051 1 .1279
19 June 1926 .1442 6 .1176 4 .1306 5
~1 June 1926 .1428 8 .1166 5 .1299 7

This ground had been cultivated recently and was supposed
ly well mixed. We did not aim to plow deeper than 5 inches.
The same plots were sampled in like manner in the fall with the
following results:

TABLI~ 2.-Total and Nitric Nitrogen in the Fallow and Alfalfa. Plots in Fall
of 1926.

Fallo'w Plots

0-6" 7-12" Average

Total Nitric Total Nitric Total Nitric
per- p.p.m. per- p.p.m. per- p.p.m.
cent cent cent

~5 Sept. 1926 .1337 14 .1120 6 .1228 10
11 Oct. 1926 .1183 12 .1008 3 .1096 8

Alfalfa Plots
~5 Sept. 1926 .1407 .1155 .1281
1-1 Oct. 1926 .1435 .1253 .1344
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All plots were sampled separately 2 Sept. 1927, to the depth
of 2 feet in five sections, two of 3 inches and three of 6 inches
each. R'eference to the diagram of the plots will enable one to
locate the individual plots. There is a good deal of need that
this should be done because the south end of this piece of land
is different from the north end and is regularly higher in total
nitrogen than the north' end, which difference is constantly to be
borne in mind. This piece of land is only about one-half acre
in area but it prese:i1ts several disconcerting differences which
will appear later.

TABLE 3.-Total and :'\itric Xitrogen in Plots, Sept. 1927, Defore Plo,ying
to the Depth of 2 Feet.

Alfalfa

Fallow

C~lover

West East
Total Nitric Total Nitric

Inches pe.rcent p.p.m. percent p.p.n1.

0-3 .1337 10 .1456 6
4-6 .1295 3 .1435 3
7-12 .1204 3 .1120 ':1

13-18 .0707 3 .0686 3
19-24 .0490 .0534 :3

0-3 .1274 20 .1141 19
4-6 .1253 18 .1169 18
7-12 .0987 15 .0987 15

13-18 .0686 15 .0707 12
19-24 .0525 14 .0525 1~

o .) .1596 .] 351-v

4-6 .1428 .1211
7-12 .1190 .1029

13-18 .0721 .0721
19-24 .0553 .0518

These results show that for most purposes there is no object
in sampling the second foot and also the poverty of the cropped
soils in nitric nitrogen compared with the fallow on this date~

On 10 Oct. 1927, we began regular samplings of the plots
in an endeavor to follow the course of the nitrogen, total and
nitric, in them. We expected to find decided but irregular
changes in both directions, i. e., that we would have increas6S
and decreases in both forms of nitrogen but we had no notion
of how great the fluctuations might be nor how rapidly they
might follow one another.

AZOTOBACTER PIGMENTATION

We have very good reasons for entertaining the view that
this land under some conditions may develop a strong fixing
power and as the turning brown of the soil in streaks and little
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patches is a reliable indication, we know that the development
of azotobacter may take place under field conditions on a suffi
cient scale to give it great importance. We have not endeavored
to determine the development of these organisms, but the brown
ing of this soil has been observed on various occasions. In such
eases we have been more interested in the amount of nitric nitro
gen present than in that of the total nitrogen for the pigmenta
tion is indicative of the presence of nitrates which facilitate it.
Three years ago we observed such a brown area in a field adjoin
ing the one of which our plot forms a part. The land is level
and the question was merely of its being a little farther south
than our plot. I made inquiry whether manure had been applied
to the land recently and vvas informed that it had not. This is
supported by the fact that the aqueous extract of the soil is
colorless except for a slight yellow tinge, a characteristic of ex
tracts of soils which have been browned by azotobacter. The
nitric nitrogen in this soil was 1120 p.p.m., equivalent to 67.30
pounds of sadie nitrate in the top 3 inches of the soil. This is
an unusually large quantity for this soil but in a forn1er study
,ve found, in a small fallow area in a cultivated crop, the equiva
lent of 332 pounds of sodic nitrate in the top foot of soil.

We do not know the conditions that brought about the
formation of these amounts of nitrates but in the case here cited
of 1120 p.p.m. of nitric nitrogen there l11ust have been a big in
crease in the amount of total nitrogen, either this or vve must
assume that nearly the whole of the total nitrogen had been
converted into nitric nitrogen. Our range for total nitrogen in
this soil for the top 3 inches is from 0.1274 to 0.1596 percent
on 13 Sept. 1927, but the nitric. nitrogen in this exceptional
san1ple is 0.1120 percent. These facts concerning the nitric
nitrogen found in this soil are given to sho\v that its efficiency
in this direction is, even under field conditions, great. We have
no observations on its fixing power except S0111e incubation ex
periments and observations on samples kept in loosely stopper
ed bottles in the laboratory. The power to accomplish this was
satisfactory; it fixed fron1 4.8 milligra1l1s in 30 days in loosely
stoppered bottles to 10.5 milligrams il1cubated at 27° to 30°C.,
and the nitric nitrogen increased from 7.99 to 12.5 milligrams
per 100 grams of soil in 48 days. The general efficiency of this
soil is such as to justify the expectation of interesting results.

Two series of experiments were arranged to study the ef
fects produced by our crops and fallowing. These experiments
began 10 Oct., 1927, a little less than 1 1110nth after the crops
vvere plowed under. We did not begin these series earlier be-
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cause of other work and we thought that the fermentation of
the crops would be very active and might interfere with the
purpose had in view. Had we to do it over we ,,,ould begin
these series immediately and not wait 27 days-unfinished work
might "Vvait. These series began on 10 Oct., 1927, and eonsisted
of soil samples taken to the depth of 1 foot in two sections, 3
and 9 inches each. The total and nitric nitrogen were de
termined on the fresh samples. Tvvelve hundred and fifty grams
were taken and the moisture brought up to 17 percent by the
addition of ammonia-free water. The moist chambers contain
ing these samples were placed in a chamber made for the pur
pose and incubated for a period of 30 days ,,,hen samples vvere
withdrawn for the redetermination of the total and nitric nitro
gen. The dishes were returned to the chamber and another set
of determinations made at the expiration of ~40 days. T~ree sets
of samples were taken in 1927 before the ground was frozen.
The series vvas continued in 1928 beginning 13 March.

The incubation chamber was constructed in a room which
was given up to this object to avoid an atmosphere possibly con
taminated by ammoniacal or nitrous compounds of some sort.
The room was kept at 27°C. with very little variation. In the
second series we determined only the total and nitric nitrogen
in the samples as gathered in the field. The samples taken in
the fall of 1927 are included in this series but the series with
out reference to the incubation experiments really began 13
March, 1928, samples being taken every 10 days.

All samples were air-dried, rubbed to a uniformly even
powder, and passed through a 20-mesh sieve. Slight changes
took place in drying but this process proceeds rapidly in our
atmosphere and these changes are negligible. The plots were
cultivated fallow. No vegetation whatever was allowed to groy\!
on them and they were irrigated and cultivated as carefully
as though they had been cropped. This gave us the changes in
the nitrogen content of the soil under field conditions and those
under the conditions of the incubation chamber. Of the field
salnples we have 20 series, of the incubation samples 7 series.

Our observations are that the surface portions of the soil
are the ricnest in nitrogen, which agrees with the idea that it
may be associated with a soil population living in this section
of the soil or be due to surface accumulations from other
sources; this latter would scarcely apply in the case of a fallow.
With this fact in view we laid special stress on the top 3 inches
of'soil and sampled to this depth.
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We have persisted in emphasizing the variability in the
nitrogen content of field samples and recognized the importance
of obviating this source of error. We, therefore, combined 20
subsamples to form each 3-inch sample throughout the series for
incubation and 10 subsamples to form each 3-inch sample in the
series to represent the changes taking place under field condi
tions. This made the taking of samples a difficult task as the
4 to 12-inch samples were also composites of 10 and 9 samples
respectively. These precautions were taken to obviate errors
in sampling. The field samples not for incubation were taken at
intervals of 10 days except during the winter \vhen the ground
vvas frozen. The results obtained are given in Table 4.

These plots were in as good condition in every sense as land
under the most careful cultivation is likely to be. There was
no attempt to create conditions that would not ordinarily obtain
in farm practice. No manure or chemical fertilizer '\Tas applied
except. as stated and these additions were for the purpose of
special studies.

CHANGES STUDIED REPRESENT FALLOvV, NOT CROPPED LAND

The land was cultivated fallow, after the crops were plowed
under for the purposes of our \york, to learn as nearly as possible
what changes take place in land treated in this manner without
crops. We do not wish anyone to infer that the changes observ
ed actually represent those that take place in cropped land. They
represent the possibilities and trend of changes that may take
place, but they will be modified by the growing crops. III prev
ious studies we have endeavored to obtain some data on this
point so far as the nitrogen ill our soils is concerned, especially
in connection with the vvheat crop. We grevv wheat 011 parts
of these plots in 1928, (see Part III, Bulletin 363, of this study),
but not because we had previously studied the anlount and
changes in the nitrogen content of the soil under this crop. It
nlay here be stated that the crop exhausts the soil of nitric nitro
gen to the extent that it is reduced to one or t\VO parts per nlil
lion or at most to only a few parts per million. The nitric l1itro
gen begins to increase in the soil shortly after the wheat harvest,
at first slowly but quite rapidly after a while. We did not at
tempt to study the relations of the nitrogen in the cropped and
fallow land simultaneously for the simple reason that \ve could
not do the work. Our force and facilities were not adequate.
The practical man will have to be satisfied with the one-sided
approach that we have been able to present.



TABLE 4.-.:'\itrogen in Plots, Season of HI27 and 1~)28, in pel·centag-es.

10 Oct. 1927 12 ~ov. ] 927 13 NIar. ] ~128 27 Apr. 1928 18 lVlay 1928 ;) June 1928 15 June HJ28 25 June 1928 5 July 1928 16 July l!.l28

Plot and Depth Total Nitric Total Nitric Total Nitric Total Nitric Total ~itric Total Nitric Total Nitric Total Nitric Total Xitric Total Nitric

::'\.\V. Alf. 0-3" .1246 .0008 .1300 .0019 .1267 .(1032 .1155 JJ016 .1120 .0006 .1218 .0006 .1232 .0014 .1190 .00]5 .1134 .0022 .1162

4-12" .1246.0021.1288.0026.1309.0030.1169.0047 .12(H JJ026 .1148 .0020 .1176 .0024 .1092 .0017 .1162 JJ024 .1176 .0013

N. Fallow 0-3" .1036 .0007 .1183 .0018 .1190 .0022 .102~1 .0007 .1092 .0005 .1050 .0006 .1036 .0008 .1036 .0008 .1020 .0014 .0~94 .0010

4-12" .1050 .0014 .1092 .0018 .1160 .0020 .0924 .0014 .0982 .0008 .0924 .0008 .0924 .0006 .O!HO .0006 .0910 .0008 .0~)52 .0006

N.IG.Clover 0-3" .1120 .0007 .1218 .0021 .1218 .0028 .1078 .0014 .1008 .0006 .]064 .0006 .1050 .0013 .1050 .0011 .1078 .0024 .1050 .0012

4-12" .1246 .0025 .1246 .0023 .1309 .0030 .1134 .0042 .1131 .0024 .1064 .0017 .1092 .0016 .1078 .0012 .1106 .0024 .0980 .0012

S.E. AIL 0-3" .1386 .0007 .1519 .0027 .1470' .OC132 .1372 .0018 .1400 .0008 .1072 .0008 .1372 .0016 .1330 JJ022 .1358 .0029 .1372 .0018

4-12" .1484 .0019 .1512 .0034 .1505 .0034 .1288 .0031 .1358 .0030 .1260 .0037 .1:344 .0022 .1274 .0026 .1302 .0026 .1372 .0018

S. Fallow 0-3" .1400 .0009 .1456 .0032 .1470 .O(J28 .1300 .0009 .1372 .0008 .1288 .0006 .1274 JJOl1 .1260 .0014 .1316 .0020 .1274 .0016

4-12" .1393 .0017 .1400 .0031 .1505 .0020 .1204 .0021 .1274 .0018 .1176 .0020 .1120 .0016 .1050 .0010 .1148 .0014 .1078 .0010

S.\V.Clover 0,,;,3" .1484 .0007 .1484 .0024 .1505 .0028 .1288 .0016 .1316 .0008 .1344 .0008 .1302 .0016 .1246 .0020 .1330 .0026 .1274 .0016

4-12" .1421 .0018 .1456 .0029 .1470 JJ026 .1330 .0028 .1260 .0024 .1344 .0025 .1311 .0018 .1162 .0020 .1316 .0025 .1372 .001-1

SU ])C1'- phos. 0-3" .1141 .0022 .1050 .0008 .1022 .0006 .1064 .0008 .1036 .0012 .1022 .0013 .1008 .0018 .1008 .0016

4-12" .11:34 .0018 .1064 .0016 .1022 .0014 .1036 JJOI0 .1022 .0016 .]008 .0010 .0994 .0013 .0994 .0010

Hock Phos. 0-3" .1281 .0012 .1120 .0006 .1106 .0006 .1162 .0006 .1134 .0010 .1204 .0013 .1176 .0016 .1162 .0010

4-12" .1211 .0008 .1120 .0010 .1120 .0010 .1162 .0(111 .1120 .0010 .lL18 .0010 .1064 .0012 .1078 .0008

Gypsun1 0-3" .1218 .0022 .1064 .0006 .1036 .0004 .1106 .0006 .1064 .0008 .1076 .0007 .1022 .00] 2 .1050 .0012

4-12" .1225 .(l020 .1120 .0014 .109~ .0015 .1106 .0013 .1120 .0015 .1106 .0013 .1064 .0015 .1036 .0007



TABLE 4-Continued.

25 July !f12S 4 Aug. 1928 15 Aug. HI28 25 Aug. Hl28 4 Sept. 1928 l·l Sept. 1928 25 Sept. 1928 5 Oct. 1928
Ave. Ave

for 1928 whole tinH'

Plot and Depth Total :\'itric Total :\'itric Total Nitric Total Nitric Total I'\itric Total Nitric Total Nitric Total :\'itric Total ~itric Total Nitric

X.\V. Alf. 0-3" .1218 .Oen8 .1EIO .0024 .1n10 .0027 .1162 .0026 .1176 .0024 .~162 .0023 .1232 .0028 .1204 .00:38 .1183 .0020 .1197 .0020

4-12" .1176.0013.1190.0016 :1190 .0023 .11:~4 .0022 .1190 ,(1022.1102.0016.1176.0019.1190.0018.1169.0021 .1187 .0022

?'oJ.Fallow 0-3" .1078 .0012 .1050 .0015 .1050 .0016 .1078 .0017 .1064 .0012 .]022 .0019 .1064 .0017 .1134 .0015 .1053 .0012 .1067 .0013

4-12" .0966 .0006 .0938 .0007 .0966 .0008 JJ910 .0008 .0938 .0008 .0882 .0007 .0938 .0008 .0994 .0008 .0937 .0008 .0961 .0009

i\'".E.Clover 0-3" .1064 .0018 .1064 JJ02] .1120 .00:~2 .1064 .0024 .1092 .00~8 .1036 .0026 .10~12 .0021 .1148 .0028 .1071 .0019 .1089 .0019

4-12" .1022 .0014 .1078 .0018 .1134 .00]8 .]036 .0014 .1036 :)018 .1022 .0017 .1078 .0015 .1148 .0014 .1076 .0818 .1108 .0019

S.E.Alf. . 0-3" .1428 .0026 .1288 .0028 .1358 .0030 .1316 .0029 .1400 .0029 .]302 .0030 .1156 .0037 .1428 .0041 .1370 .0024 .1385 .0024

4-12" .1470 .0020 .1274 .0019 .1372 .0021.]2:32.0024.]288 .0018.12:32 .002R .13:30 .0029 .1330 .0025 .1315 .0025 .1346.0025

S.Fallo\v 0-3" .1344.0018.1274.0022.1232.0022 .1218 .002~) .1358 .00:32.1302.0026.1344.0033.1330.0032.1299.0020 .1323.0020

4-12" .1204 .0012 .1]34 .0012 .1204 JJO]6 .1120 .0019 .1218 .0021 .1134 .0008 .1246 .0017 .1176 .0016 .1167 .0015 .1210 .0016

S.\V.Clover 0-3" .1386 .0021 .1274 .0022 .1:302 .0024 .]274 .0027 .1344 .0029 .1288 .0026 .1372 .0029 .1358 .0033 .1313 .0021 .1343 .0021

4- 12 " .13 02 .0016 .1162 .001 7 .123 2 .(10 18 .12:3 2 .0021 .134.,l JJ 026 .129·1 .0021 .1330 .0022 .1330 .0022 .1287 .0021 .1310 .0022

Supel' ph os. 0- 3 II • 1050 .0014 .1022 JJ 018 .103 6 JJ 0] 8 .11 9(I . 0016 .1022 .001 6 .10[) 0 .001 6 .123 2 .0028 .103 6 .oo::n .1056 .0015 .1062 .0015

4-12" .0994 .0008 .0994 .MHO .1022 .0010 .1106 JJO]2 .10~2 .0010 .1022 .ooon .1064 .0010 .0980 .0010 .1023 .0011 .1030 .0011

Rock Phos. 0-3" .1204 JJ012 .1134 .0018 .12fH .0018 .11:34 .0022 .1204 .0019 .1148 .0017 .12:~2 .0020 .1190 .001~l .1168 .0014 .1174 .0014

4-12" .1162 .0008 .1106 .0012 .1218 .0014 .]050 .0(118 .1134 .0016 .1162 .0013 .1218 .0014 .1190 .0012 .1137 .0012 .1141 .0012

Gypsum 0-3" .1092 .0012 .1064 .0016 .1092 .0017 .1008 .0014 .1106 .0015 .1092 .0017 .1120 .0020 .1106 .0019 .1073 .0012 .1082 .0013

4-12" .1120.0008.1036.0012.1120 .0014 .11G~ .0(108 .1092 .0010.1064.0012.1148.0012.1134.0014.1101.0012 .1109 .0012



r:eABLE 5.-Gains and Losses in Total and Nitric Nitrogen. Field Experiments, p. p. ITt.

Original
10 Oct. '27 12 Nov. '27 13 March '28 27 Apr. '28 18 May '28 5 June '28 15 June '28 25 June '28 [) July '28

Inches Total Nitric Total Nitric Total Nitric Total Nitric Total Nitric Total Nitric Total Nitric Total Nitric Total Nitric

N.W. 0-3" 1246 54 11 23 24 - 91 -126 - 2 - 28 - 2 - 6 - 56 -112 14

11-184

-154

- 56

- 70

-210

2 -100

1 -14

18 --140

14 - 1

- 98 - 1 - 70

- 14

11 -224

56 - 2

14

-112 - 1 - 56 - 1 - 70

- 70 - 6 -126 - 6 -126 - 8 -140 - 8 -140

- 84 - 1 -118 - 3 -126

26 - 42

11

18 -126

17 -112 - 1 -182 - 8 -154 ---I 9 -163

-126

-112

- 77

25 - 14

21 - 42

15 - 7

15 -196

14 -156

98

21

63

63

56

84

70

154

23

20

14

11

15

-2

42

28

42

98

56

147

133

21

25

19

14

4-12" 1246

4-12" 1246

0-3" 1400

4-12" 1050

0-3" 1386

0-3" 1120

0-3" 1036

4-12" 1484

Alfalfa

Fallow

Clover

S.E.

Alfalfa

S.

N.E.

N.

-273 - 1 -343 - 7Fallow

S.W.

4-12" 1393

0-3" 1484

17 14

14

112

21

-191

21 -196

- 79

-168

-217

--140 1 -182 -238 13 -154

Clover 4-12" 14:21 18 35 11 14 - 91 10 -161 - 77 -105 -259

Super- 0-3" 1141 22 - 91 -14 -119 -16 - 77 -14 -105 -10 -119 - 9 -132 - 4

phosphate 4-12" 1134 18 - 70 - 2 -112 - 4 - 98 - 8 -112 - 2 -126 - 8 -140

Rock 0-3" 1281 12 -161 - 6 -175 - 6 -119 -- 6 -1,17 --,-- 2 - 77 -105

Phosphate 4-12" 1211 - 91 - 91 - 49 - 91 - 63 -147

Gypsum 0-3" 1218 22 -154 -16 -182 -18 -112 -16 -154 -14 -142 -15 -196 -10

4-12" 1225 20 -155 - 6 -133 - 5 -119 - 7 -105 - 5 -119 - 7 -161 - 5



TABLE 5.-Continued.

16 July '28 25 July '28

Inches Total Xitric Total Xitric

4 Aug. '28

Total :\'itric

]5 Aug. '28 2G Aug. '28 4 Sept. '28

Total Xitric Total Xitl'ic Total Xitric

]4 Sept. '28 25 Sept. '28 5 Oct. '28

Total Xitric Total Xitric "rotal Nitric

X.VV.

Alfalfa

N.

0-3" - 24

4-12" - 70 - 8

0-3" - 42

- 2:1

- 70

42

10

-8

- 56 16

- 56 - 5

14

- ;')6

- 56

14

HI - 84

-112

42

18

10

- 86

- 56

28

16 - 86 15 - 14 20 - 42 30

- 84 -;) - 70 - 2 - 56 - 3

- 14 12 18 10 98

Fallo'w

N.E.

Clover

S.E.

Alfalfa

s.

4-12" - '98 - R

0-3" - 70

4-12" -266 -10

0-3" - 16 ]1

4-12" -112 - 1

0-3" ~126

- 84

- 56

-224

42

- 14

- 56

-s-
11

-11

19

-112 - 7

- 56 14

-168 - 7

- £~8 21

-210 0

-126 13

- 84

-112

- 28

-112

-168

- 6 -140

25 - 56

- 7 -210

23 - 70

2 -252

13 -182

-6

17

-11

22

20

-112

- 28

-210

14

-196

- 42

-6

21

-7

20

-1

23

-168 - 7 -112 - 6 - 56

- 84 19 - 28 14 28

-224 - 8 -168 ~10 - 98

- 84 23 70 30 42

-252 9 -154 10 -154

- a8 17 - 56 24 - 70

-6

21

-11

34

23

FaIlo,v

s."\v.
Clover

4-12" -315 - 7

0-3" -270

4-12" - 49 - 4

-189

- 98

-119

-5

14

-2

-259 - 5

-210 15

-25~J - 7

-189

-lS2

-lSD

- 1 -273

14 -210

o -209

20

-175

-140

- 77

-4

22

-259 - 9 -147 0 -217 - 1

-196 19 -112 22 -126 26

-147 3 - 91 4 - 91

Super

phosphate

Rock

Phosphate

Gypsum

0-3" -133 - 6

4-12" -140 - 8

0-3" -119 - 2

4-12" -113

0-3" -J68 -10

4-12" -189 -13

-!)1

-140

- 77

- 49

-126

-105

-8

-10

-10

-12

-11!1

-].40

-147

-105

-154

-189

-,1

-8

-6

-' 8

-lOG

-112

- 77

-lOG

- -1 '18

- 8 - 28

-147

-161

- 5 -210

- 6 - 63

-ll

-6

10

10

-8

-12

-119

-112

- 77

-- 77

-112

-]3:3

-6

-8

-8

-7

-10

- 91

-112

-133

- 49

-126

-168

- 6 - 91

-19 - 70

- 49

- 5 - 98

- 8 - 77

-8

-2

-8

-105

-154

- 91

- 21

-112

----4 91

-1

-8

-3

-6



26 COLORADO EXPERIMENT STATION Bu,llet'i1~ 864

We have already stated that we began taking samples of
this soil for our present purpose a little less than 1 month after
we plowed the crops under-also that it vvas the third year that
the fallow plots had been cultivated in this manner. It is ilnpor
tant that these differences in the conditions of the plots should
be borne in mind. The fallows given in the statements of Table
3 are east and "vest fallows; in these tables, 4 and 5, they are
north and south fallo\vs but the members of neither pair agree
\vith one another. But the east and west ones agree better than
the north and south pair. This is in keeping with all of our obser
vations on the distribution of nitrogen in this piece of land, to
wit: The south end is richer in nitrogen than the north end. We
have no reason to assign for this. We shall find in studying the
distribution of water-soluble potassium a similar fact for vvhich
vve have not y~t been able to find an explanation.

EXPLANATION OF MINUS SIGN IN TABLES

We have taken tIle samples of 10 Oct., 1927, as our initial
011es and the table of gains and losses in total and nitric nitrogen
for the year are reckoned from these. A minus sign throughout
the table means less than on 10 Oct., 1927, and no sign means
more than on this date. It may seem that it \vould have given
us a different view of these changes had we taken the saInple of'
March or April, 1928, as the initial ones for this season. We
would have been unable to present changes of the vvhole year in
one table, besides the table is quite as easily read as it is, as it
\iVould have been had we taken either the March or April series
as our initial one. If we had taken the March series the differ
ences would have been of the saIne sign and a little larger than
they are in the table. The reader has simply to consider vvheth
er the difference given is larger or smaller than it was on any
date with vvhich he may wish to compare it. Further explana
tion of this is unnecessary.

The table of gains and losses has been written out to enable
the reader to see at a glance the course of the nitrogen develop
ments. We have been accustomed to consider this the point of
greatest importance ill a rotation involving alfalfa as a member.
In Part II of this study we have given in detail the results of
our study of the effect of the growing alfalfa crop upon the
amount of both total and nitric nitrogen. We found that it does
not increase the total and exhausts the nitric to from 1 to 6 or 8
p.p.m. of the soil, as much as 8 p.p.m. being found only in the
surface portions of the soil. We here present our study of the
deportment of the soil after the crop was plowed under. The
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effects of red clover are presented in a parallel series of experi
Inents and both are compared with the effects of fallow culture.

NITRE SPOTS MAY DISAPPEAR

It may be well to weigh some other considerations before
one ventures to interpret the results with too much confidence.
I refer to the variation in the fixing and nitrifying power of the
soil due to free living organisms. We have a great many ex
amples of this fact in Colorado. Even in the land of our experi
rnent station farm we sometimes have the azotobacter pign1enta
tion strongly marking certain areas, a fact previously mentioned
and the nitrates present increasing to as much as 3.33 tons in
the surface 3 inches of soil per acre. These two processes, fixa
tion and nitrification, vary from year to year. If the fixation
occurs it is probable that nitrification is always amply pro
vided for. Many specific il1stances of this variation could be
cited showing both their appearance and disappearance. Of
their appearance, thousands of acres of orchard land on which
old or vvell-established orchards have been destroyed bear wit
ness.

Onlr one of very ITIany instances will be given and that
briefly. The orchard was 27 years old, the land a sandy loam,
drainage excellent; the greater part of the orchard ,vas killed
in the course of one season. The water-soluble salts in the air
dried soil representing the surface 4 inches ranged from 2.4 to
G.9 percent and carried nitric acid corresponding to froln 4 to 10
percent of the total. These nitrates \vere formed in the soil
\iVhere \ve found then1. They were not brought in fron1 other
land nor up from belovv. 'Ve have had very n1any instal1ces
similar to this. Of disappearances we have also seen instances.
One of the richest spots that I have seen involved the bank of a
canal, the public road and a portion of an adjoil1ing field. The
nitric acid in the soil scraped off the surface of this spot corre
sponded to the presence of 13 perce11t of sodic 11itrate. Several
years lapsed between my visits to this spot. One of our field
men asked me while visiting in that section to show him a typi
cal occurrence of nitre. We sought out this spot. The neigh
boring field had a fairly good growth of vegetation and the spot
had practically disappeared. In another instance I visited a
field formerly very bad indeed, the nitric acid present corre
sponding to 13 tons of sodic nitrate in the top 3 inches of soil
per aere. It had entirely disappeared.
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On the different sections of our station farm I have seen
in different seasons 4-POUlld beets with 7-pound tops due to an
excess of nitrates. We have had 5 to 12 percent, also 15 to 16
percent sugar in crops of different seasons. These differences
were attributed to the different supplies of nitrates during the
respective seasons. The possibility of such varying conditions
nlust be borne in mind in venturing any interpretation of such
facts as present themselves in this study of nitrogen changes.
Neither the total nor the nitric nitrogen in the soil is a fixed
quantity. The nitric nitrogen is constantly changing and so
is the total nitrogen but very much more slowly.

Our table shovvs that froIll 10 Oct., 1927, to 13 lVIarch, 1925~

there ,vas an increase in the total nitrogen in our soil. Of 24
samples taken on 12 Nov., 1927, and 13 March, 1928, everyone
shows an illcrease ill total nitrogen over that present on 10 Oct.,
1927.

On 13 l\larch six additional salllples were included and these
become the initial nlembers of the subordinate series. Every
one of the 18 samples taken 27 April, 1928, sho\"s a decrease in
the amount of total nitrogen. From this date till 5 Oct., 1928,
the rule is that the total nitrogell is belovv that of the initial
sanlples. This is true of both the 3-inch and the. deeper, 4 to 12
inch, samples. This is not the case ,,,ith the nitric nitrogen,
vvhich does not fall below the initial sanlples except in cases
,,,here we added fertilizers till 18 IVlay, 1928, vvhen they are only
slightly below the initial samples, ,,,ith some samples sho,,,ing
an increase over them. This state of affairs continues till the
end of the season. The nitrates renlain quite high throughout
the season as is best shown in Table 4.

THERE Is A Loss OF TOTAL NITROGEN

The total nitrogen renlained lower than In the initial
samples. This does not mean that there was no variation in
them, but simply that only exceptionally did they exceed the ini
tial samples. Perhaps the best illustrations of this in the table
are the samples designated S. E. Alfalfa and S. Falla,,,, which
lllay at the same time serve another purpose in that they furnish
a comparison of the most favorable case for the alfalfa with a
contiguous fallow. The nitrogen in the initial samples is quite
high, .1386 and .1400 in the respective 3-inch samples and .148 Ll
and .1393 in the 4 to 12-inch sanlples. These are the highest
percentages appearing in the series taken 10 Oct., 1927, and are
very high for this land. All four samples sho'''ed an increasp
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on 12 Nov. and also on the next sampling 13 March, 1928, but
by 27 April, 1928, there was a decided loss of total nitrogen.
The 3-inch sample from the alfalfa plot showed an increase of
.0133 from .1386 to .1519 from 10 Oct. to 12 Nov., 1927, and
from 10 Oct., 1927 to 13 March, 1928, there was a gain of .0084
or from .1386 to .1470 but from 12 Nov., 1927, to 13 March,
1928, there had been a loss, .0049. The gain actually occurred
between 10 Oct. and 12 Nov., 1927, and there was a loss between
12 Nov., 1927, and 13 March, 1928, but this loss was less than
the gain from 10 Oct. to 12 Nov. The corresponding samples of
the fallow shovved a gain of .0056 in Nov. and this increased to
.0070 by March, 1928, but by 27 April, 1928, both sets of
samples, 3 and 9-inch samples of both the alfalfa and fallovv,
had fallen below the initial samples. The alfalfa 3-inch sample
gained .01"33 by 12 Nov. and fell to .0014 below the initial sample
by 13 March or a loss of .0147 between these dates; the 9-inch
sample gained .0028 by 12 Nov. and fell to .0196 belo\v the initial
by 27 April, 1928, making a loss of .0224 in this time. The 3
inch section of the fallow showed its biggest gain on 13 March,
1928, of .0070; by 27 April it had fallen to .0156 below the ini
tial, or a variation of .0226; the 9-inch sample gained between
the dates just given, .0112, and by 27 April 11ad fallen to .0191
below or a variatioI1 of .0303 percent. It \vill be observed that
the gains in total nitrogeI1 are practically confined to the period
before 13 March, 1928, and fro1l1 this date on the total Ilitrogen
\vas as a rule less than in the original or initial sample. There
\vere variations froln san1pling to san1pling but t11ey seldom rose
to the level of the original. The results explained represent in
general the amount of variation in the total nitrogen for the
year over vvhich our observations extended. Our greatest losses
\vere in June, July and August. In t11e latter part of Septelnber
and in October there was an upward tendency but the total ni
trogen was still below that of a year before. There \vas less
variation in the nitric nitroge11 but the customary unit is small,
usually one ten-thousandth of 1 percent. The averages for the
surface foot on 10 Oct. 1927, the beginning of these observa
tions, for 25 July, 1928, about the 111iddle, and for 5 Oct., 1928,
the end of our experiment, are given in Table 6.

TABLE G.-SoIne Averages for the Nitric Nitrogen in the Surface Foot of Soil.

10 Oct. 1927 15 July, 1928 5 Oct. 1928
p.p.m. . p.p.TI1. p.p.m.

:N. W ..A.. lfalfa........................................ 18 14 28
N. Fallo\v 12 7 10
N. E. Clover 20 15 18
S. I~. Alfalfa.......................................... 16 22 29
S. Fallow.............................................. 15 14 24
S. \V. Clover.......................................... 15 17 25
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In the case of the N. fallow, on 15 July 1928 alone is the
amount of nitric nitrogen below the usual maximum for good
agricultural land but we were concerned not with the absolute
amount but vvith the deportment of the different plots in its
formation. The table is clearly divided into two groups, the
north and south. In both groups the alfalfa land was a little
more favorable than the others but in the south group the differ
ence is of no practical importance owing to the liberal quantities
present. In the north fallow on 15 July, 1928, the difference
might have had some practical significance. Nineteen hundred
and tvventy-eight was the third successive season that this land
had been fallow and it was the first season for the alfalfa land.

As stated elsewhere both fallovvs suffer from this disadvan
tageous condition for the easily nitrifiable nitrogenous organic
matter has certainly diminished during the previous seasons
and perhaps even approached its stable lower limit. The south
fallow, hovvever, both at the beginning of our experiment, 10
Oct., 1927, and at the end, 5 Oct., 1928, shows that neither the
alfalfa nor the clover has produced any marked effect upon the
process and that the differences in the two series of plots were
as important as any other factor. We have made no allowances
for temperatures, rains or irrigations but have assumed that
these had the same and equal influence on all plots, which is not
strictly justified. Our problen1 is distinct from but not alto
gether independent of this detail and while our results may
have been modified in some measure, their bigger features, vvith
which alone we endeavor to deal, appear plainly, i. e., the in
fluence of the crops upon these questions is much less than we
had hoped to find and not of the same character.

The continued loss of total nitrogen throughout the season
and the very moderate increase in the nitric nitrogen with only
comparatively small variations were not anticipated. The de
portment of the south fallow in particular indicates that the in
fluence of the crops has not changed very greatly, the usual pro
cesses going on in the soil so far as the nitrogenous con1pounds
are concerned. The growth of our wheat after fallow compared
\vith that of the same variety of wheat after clover and alfalfa
(see Part III of this bulletin), bears the sam~ testimony.

EFFECTS OF ROTATION ON NITROGEN QUESTIONS

Stated briefly, the principal purpose of this section of our
work was to study the effects of alfalfa and clover on the varia
tions of the total and nitric nitrogen in comparison with those
taking place in fallow ground date by date and under the same
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conditions of temperature and moisture. These changes run
parallel and are so similar that we are compelled to consider
their influence in this direction negligible during the year fol
lowing the plowing under of heavy crops. In this comparison
we have two plots each of clover, alfalfa and fallow. The clover
and alfalfa had stood two seasons and the crops were plowed
under at the end of the second season. This land was cultivated
fallow during the third season. We considered this the most
favorable condition that we could produce for this soil, and it is
an imitation of a very common practice. On the other hand,
this compelled us to compare land that was being cultivated fal
low for the third successive season with land cultivated fallow
for the first season, a condition which we did not desire but could
not well avoid.

We cannot justly compare the south plots with the north
plots. A glance at the preceding table will show that to compare
the S. Fallow vvith t11e N. W. Alfalfa would present them as al
Inost exactly equal in regard to the nitric nitrogen present.
The total nitrogen content and soil conditions in general are dif
ferent in the two plots. Why these things are so and are so per
sistent we have not found out. The history of the two sets of
plots has been the same for a number of years-20 years at
least.

THE EFFECT OF AMENDMENTS

In some former field experiments we observed that a plot
to which superphosphate had been added was richer in total
nitrogen than the others. This suggested a possible action of
the superphosphate. The simple fact that the plot shovved more
nitrogen than the others proved nothing for the plot may have
had more nitrogen in it than the other plots before this addition.
1'0 test this matter we added some roc.k superphosphate to one
plot which had been fallo,v for 2 years, ground rock phosphate
to another whieh was fallow but had been in corn the previous
year, and gypsum to a third which had been fallo,,, for 2 years.
Observations were m"ade on these plots just as our field observa
tions were made on the others. The variations of the total nitro
gen in these plots were parallel to those to which no amendment
had been added. This series of observations began with the
samples of 13 March, 1928. There are no observations pertain
ing to this series corresponding to those on the field samples of
10 Oc.t. and 12 Nov., 1927.

The results are given in the general table and constitute the
last six members. It will be noted that the loss of total nitrogen
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was parallel with that in the case of the field samples but the loss
in nitric nitrogen was more general and larger in amount, and
gypsum is perhaps a little more efficient in these respects than
the superphosphate which contains calcic sulfate as ,vell as the
gypsum.

The object had in view in adding gypsum was to obtain
some idea of what part the calcic sulfate in the superphosphate
might play. It seems that we could not explain our former ob
servation by attributing a possible increase of nitrogen to the
application of superphosphate. Attention is again directed to
the fact that these additions were on fallow land.

INCUBATION EXPERIMENTS

Field experiments may be interfered with by a variety of
things. Fortunately ours ran their courses smoothly. Incuba
tion experiments on the other hand can be controlled and are ex
empt from some if not all of the accidents that may befall a field
experiment. The field experiment gives the results that the cul
tivator actually meets with but we are more interested in the
unmodified course of events. For this purpose Twre created our
own conditions and incubated the soils. We have presented the
course of the changes in the nitrogen in the soil and ,ve shall
next examine the results obtained by incubation.

The fixation of nitrogen and its nitrification are not the only
biological activities going on in the soil but they are the only
ones that it was practical for us to attempt to measure. It is
customary to attach prime importance to these processes while
the others are not so generally emphasized. In the field \ve have
variations in the sunshine, winds, temperature, moisture and a
varying depth of earth mulch. It is possible that the nitrates
may be moved below the 3 inches to which depth we took our
first section and even below 9 inches, the depth of our deeper
sample. These dangers of translocation do not appear in the
incubation tests. Besides the light or absence of it, the 1110is
ture and temperature, 27°C, are constant. The total duration
of our incubation was 40 days, about one-sixth as long as OUi'

land generally remains unfrozen. It is not intended to intimate
that biological activities in the soil are suspended by freezing but
they are i11 some measure abated and our sampling was practi
cally prohibited. In the principal series of incubations no
amendments were added; t11ese experiments were imitations of
what was taking place in the field. The samples were air-dried,
rubbed up and sifted to obtain an even mixture, placed in a moist
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ehamber that conveniently held 1250 grams of soil and the mois
ture brought up to 17 percent. These dishes were placed in a
chamber kept in a room whose atmosphere was free from am
moniacal and nitrous fumes. No chemical work was done in
this room and no flames were kept burning in it as there is in a
,vork room.

The samples were taken with the greatest care to obtain
representative ones. Of the 3-inch samples, 20 subsamples were
united to form the composite one and 12 subsamples of the 9
inch ones were united. All determinations were made in dupli
cate which of itself indicates that they were carefully made.
Whatever our results may be we have no excuses to offer for
them. We believe that they represent what would take place in
the field under favorable and constant conditions. The results
obtained are given in the following tables.

TABLE i.-Incubation ExperinH'nts for Fixation and ::'\itrification of .:-\itrogen.
in Percentages.

10 October, 1927 12 Noven1ber, 1927

Original 30 Days 40 Days Original 30 Days 40 Days

Total Nitric Total Nitric Total Nitric Total Nitric Total Nitric Total Nitric

::'\. ,V. 0-;3" .12-16.0008 .1218 .OO~ 6 .1309 .0042 .1300 .0019 .1351 .0037 .1253 .0043
Alfalfa 4-12" .1246 .0021 .1344 .0056 .1337 .0058 .1288 .0026 .1397 .0041 .1268 .0049

l". 0-:3" .1036 .0007 .1118 .0024 .1176 .0023 .1183 .0018 .12t14 .0030 .1190 .0030
Fallow 4-12" .1050 .0014 .1106 .0032 .1148 .0032 .1092 .0018 .1190 .0033 .1160 .0039

X.E. 0-3" .1120 .0007 .1127 .0026 .1218 .0048 .1218 .0021 .1190 .0036 .1274 .0037
Clovel' 4-]2" .1246.0025 .1218 .0056 .1309 .0054 .1246 .0023 .1302 . .1169.0037

S.E. 0-3" .1386 .0007 .1414 .0034 .1128 .0036 .1519 .0027 .1372 .0039 .1:Ei8 .0050
A Italta 4-12" .1484 .0019 .1456 .0058 .1547 .0062 .1512 .0034 .1393 .005:3 .1:3.) 1 .0061'

S. 0-3" .1400 .0009 .1400 .0032 .1421 .0032 .1456 .0032 .1365 .0042 .1337 .0054
Fallow 4-12" :1393 .0017 .1435 .0040 .1407 .0040 .1400 .0031 .1344 .0044 .1253 .0051

S.'V. 0-3" .1184 .0007 .1477 .0036 .1421 .0034 .1484 .0024 .1323 .0041 .1260 .0045
Clover 4-12" .1421 .0018 .1470 .0060 .1481 .0056 .1456 .0029 .1475 .0045 .1442 .0054

Super- 0-3" .. _. .. 1106 .0021 .1148 .0037 .1167 .0038
phosphate 4-12" __ .__ .. _ .1148 .0025 .1141 .0040 .1190 .Ot)44

Rock 0-3"
Phosphate 4-12"

Gypsun1 0-3"
4-12"

---. __ 1260 .0012 .1309 .0029 .1309 .003&
.--.. _ 1267 .0010 .1239 .0031 .1281 .0037
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TABLE 7-Continued

Bulleti1~ 36.4

13 March, 1928 27 April, 1928

Original 30 Days 40 Days Original 30 Days 40 Days

X.W.
Alfalfa

N.
Fallo\v

N.E.
Clover

S.E.
Alfalfa

S.
Fallow

S.W.
Clover

Super
phosphate

Rock
Phosphate

Gypsum

lotal Nitric Ttal Nitric Total Nitric Tttal Nitric Total Nitric Tr.tal Nitric

0-3" .1267 .0032 .1309 .0052 .1302 .0058 .1155 .0016 .1092 .0034 .1176 .0040
4-12" .1308 .0030 .1360 .0052 .1302 .0057 .1169 .0047 .1106 .0050 .1240 .0056

0-3" .1190 .0022 .1239 .0034 .1197 .0045 .1029 .0007 .0980 .0024 .1064 .0026
4-12" .1106 .0020 .1169 .0030 .1099 .0044 .0924 .0014 .0910 .0030 .1008 .0034

0-3" .1218 .0028 .1190 .0038 .1190 .0054 .1078 .0014 .0994 .0034 .1064 .0038
4-12" .1309 .0030 .1274 .0050 .1253 .0062 .1134 .0042 .1078 .0050 .1148 .0054

0-3" .1470 .0032 .1459 .0040 .1428 .0060 .1372 .0018 .1306 .0038 .1358 .00:38
4-12 .1505 .0034 .1456 .0058 .1414 .0066 .1288 .0031 .1300 .0054 .1316 .0056

0-3" .1470 .0028 .1470 .0044 .1358 .0056 .1300 .0009 .1218 .0032 .1246 .00;34
4-12" .1505 .0020 .1316 .0026 .1239 .0047 .1204 .0021 .1232 .0040 .1246 .00-14

0-3" .1505 .0028 .1414 .0048 .1379 .0066 .1288 .0016 .1300 .0054 .1316 .0050
4-12" .1407 .0026 .1449 .0044 .1491 .0058 .1330 .0028 .1330 .0062 .1330 .0056

0-3" .1141 .0022 .1106 .0042 .1141 .0046 .1050 .0008 .1022 .0038 .1022 .0038
4-12" .1134 .0018 .1099 .0041 .1136 .0048 .1064 .0016 .1008 .0048 .1022 .0044

0-3" .1281 .0012 .1288 .0038 .1267 .0042 .1120 .0006 .1120 .0034 .1148 .0034
4-12" .1211 .0008 .1158 .0044 .1232 .0038 .1120 .0010 .1120 .0036 .1120 .0038

0-3" .1218 .0022 .1190 .0042 .1232 .0048 .1064 .0006 .1064 .0028 .1036 .0030
4-12" .1225 .0020 .1158 .0047 .1246 .0049 .1120 .0014 .1148 .0042 .1092 .004-1

15 June, 1928 4 August, 1928

Original 30 Days 40 Days Original 30 Days 40 Days

)J.W.
Alfalfa

N.
FaII0 \\T

N.E.
Clover

S.E.
Alfalfa

S.
Fallovv

S.W.
Clover

Super
phosphate

Total Nitric T tal Nitr.c lotal Nitric Tdal Nitric lotal Nitric Tetal Nitric

0-3" .1232 .0014 .1246 .0032 .1162 .0028 .1190 .0024 .1176 .0040 .1176 .0044
4-12 .1176 .0024 .1232 .0040 .1162 .0036 .1190 .0016 .1162 .0030 .1148 .0036

0-3" .1036 .0008 .1120 .0020 .1022 .0022 .1050 .0015 .1064 .0028 .10:36 .0028
4-12" .0924 .0006 .0940 .0018 .0910 .0018 .0938 .0007 .0952 .0020 .0938 .0022

0-3" .1050 .0013 .1106 .0026 .1008 .0028 .1061 .0021 .1078 .n032 .1078 .on36
4-12" .1092 .0016 .1120 .0030 .1036 .0030 .1078 .0018 .1078 .0034 .1120 .0036

0-3" .1372 .0016 .1456 .0028 .1330 .0032 .1288 .0028 .1316 .0044 .1386 .0042
4-12" .1344 .0022 .1386 .0034 .1274 .0038 .1274 .0019 .1240 .0038 .1330 .0042

0-3" .1274 .0011 .1358 .0024 .1274 .0026 .1274 .0022 .1232 .0034 .1330 .0040
4-12" .1120 .0016 .1246 .0026 .1176 .0030 .1134 .0012 .1148 .0030 .1232 .0032

0-3" .1302 .0016 .1428 .0032 .1288 .0034 .1274 .0022 .1288 .0038 .1414 .0046
4-12" .1316 .0018 .1358 .0038 .1274 .0040 .1162 .0017 .1218 .0042 .1302 .0036

0-3" .1036 .0012 .1078 .0028 .1092 .0028 .1022 .0018 .1162 .n032 .1022 .0030
4-12" .1022 .0016 .1078 .0028 .1078 .0028 .0994 .0010 .1092 .0022 .0980 .0024

0-3" .1134 .0010 .1218 .0022 .1190 .0026 .1134 .0018 .1120 .0028 .10£12 .0030
4-12" .1120 .0010 .1162 .0024 .1134 .0026 .1106 .0012 .1008 .0028 .1078 .0026

0-3" .1064 .0008 .1092 .0018 .1176 .0022 .1064 .0016 .0980 .0026 .1050 .0028
4-12" .1120 .0015 .1148 .0036 .1092 .0036 .1036 .0012 .1106 .0028 .1078 .0028
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TABLE 12-Continued.

25 September, 1928

Original 30 Days 40 Days

Inches Total Nitric Total Nitric Total Nitric

N.W. Alfalfa 0-3" .1232 .0028 .1232 .0036 .1274 .0044
4-12" 1176 .0019 .1302 .0038 .1288 .0038

N. Fallow 0-3" .1064 .0017 .1106 .0030 .1106 .0030
4-12" .0938 .0008 .1050 .0022 .1064 .0024

X.E. Clover 0-3" .1092 .0021 .1162 .0030 .1162 .0038
4-12" .1078 .0015 .1078 .0032 .1134 .0034

S. E. Alfalfa 0-3" .1456 .0037 .1428 .0032 .1358 .0045
4-12" .1330 .0029 .1372 .0036 .1344 .0044

S. Fallow 0-3" .1344 .0033 .1372 .0038 .1316 .0040
4-12" .1246 .0017 .1274 .0028 .1246 .0034

S.W. Clover 0-3" .1372 .0029 .1442 .0034 .1414 .0044
4-12" .1330 .0022 .1386 .0038 .1316 .0038

Super phosphate 0-3" .1232 .0028 .1064 .0038 .1050 .0036
4-12" .1064 .0010 .1022 .0024 .1064 .0022

Rock Phosphate 0-3" .1232 .0020 .1176 .0034 .1218 .0034
4-12" .1218 .0014 .1176 .0034 .1190 .0032

Gypsum 0-3" .1120 .0020 .1106 .0030 .1162 .0030
4-12" .1148 .0012 .1106 .0028 .1176 .0028

TABLJ£ S.-Gains and Losses of Total and 2'Jitric Nitrogen in Incubation Expe-
rinlents, p.p.m.

10 Oct., 1927 12 Nov., 1927

30 days 40 days 30 days 40 days

Total Nitric Total Nitric Total Nitric Total Nitric

~.'V. o <)" -18 28 63 34 ;11 18 -47 2~-.)

Alfalfa 4-12" 98 35 91 37 9 15 -20 23

X. 0-3" 112 17 170 21 21 12 12
Fallo\-v 4-12" 56 18 98 18 94 15 14 21

X.E. 0-3" 107 19 98 41 -28 15 ;)6 16
Clover 4-12" -28 31 63 29 56 0 -77 34

S.E. 0-3" 28 27 42 29 -127 12 -161 23
Alfalfa 4-12" 28 39 63 43 -119 19 -161 27

S. 0-3" 0 24 21 24 -91 10 -119 22
Fallow 4-12" 42 23 14 23 -56 13 -147 20

S.\V. 0-3" -7 29 -63 27 -161 17 -224 21
Clover 4-12" 49 42 63 38 19 16 -14 25

Super- 0-3" 34 16 63 17
phosphate 4-12" -4 15 42 29

Rock 0-3" 49 17 49 24
Phosphate 4-12" -28 21 14 27

Gypsunl 0-3"
4-12"
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TABLE 8, Continued.

13 March, 1928 :27 April, 1928

ao days 40 days ao days 40 days

Total Nitric Total Nitric Total :\'itrie Total Nitrk

N.W. 0-3" 42 20 a5 26 6a 18 21 24
Alfalfa 4-12" 51 22 -7 27 -63 3 34 9

X. 0-3" 49 12 23 -49 17 45 19
Fallo"" 4-12" 63 10 9a :24 -14 16 84 20

:'.J.E. 0-3" -28 10 -28 26 -84 20 -14 2-1
Clover 4-12" -35 20 -59 32 -36 8 14 12

S.W. 0-3" -11 8 -42 28 -66 20 -14 20
Alfalfa 4-12" -49 24 -91 32 12 2,3 28 25

S. 0-3" 0 16 -112 28 .,--82 23 -54 25
Fallo\v 4-12" -189 6 -266 17 28 19 42 23

S.vV. 0-3" -91 20 -126 38 12 38 24 34
Clover 4-12" 42 18 84 32 0 34 28

Super- 0-3" -35 20 24 18 ~10 18 30
Phosphate 4-12" -35 23 30 -56 32 -42 28

Rock 0-3" 7 22 -14 30 0 28 28 28
Phosphate 4-12" -53 36 21 30 0 26 0 26

Gypsum 0-3" ---<28 20 14 26 n 22 -28 24
4-12" -67 27 21 29 28 28 72 30

15 June, 1928 4 Aug., 1928

:30 days 40 days 30 days 40 clays

Total Nitric Total Nitric Total :-\itric Total Nitric

~.W. 0-3" 14 18 -70 14 -14 16 -14 20
Alfalfa 4-12" 56 16 -14 12 -28 14 -42 20

X. 0-3" 84 12 86 14 14 13 -14 1:3
Fallo\\" 4-12" 16 12 -14 12 14 13 0 15

~.E. 0-3" 56 13 -42 15 10 11 10 15
Clover 4-12" 28 14 -56 14 0 16 42 18

S.E. 0-3" 84 12 -42 16 28 16 ~'8 14
A.lfalfa 4-12" 42 12 -70 16 -14 19 56 23

S. 0-3" 84 13 0 15 42 12 56 18

Fallo\v 4-12" 126 10 56 14 14 18 98 20

S.vV. 0-3" 106 16 -14 18 14 ]6 140 24
Clover 4-12" 42 20 -42 22 56 25 140 1fI

Super- 0-3" 42 16 56 16 140 14 n 12
Phosphate 4-12" 56 12 56 12 98 12 -14 14

Rock 0-3" 84 12 56 16 14 10 -42 12
Phosphate 4-12" 42 14 14 16 -98 16 --28 14

Gypsum 0-3" 28 10 112 14 -84 10 -14 12
4-12" 28 21 -28 21 70 16 42 16
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TABLE 8-Continued.

25 Sept., 1928

30 days 40 days 30 days 40 days

Total Nitric Total Nitric Total K itric Total Nitric

X.\V. 0-3" 0 8 42 16
Alfalfa 4-12" 126 19 112 19

N. 0-3" 42 13 42 13
Fallow 4-12" 112 14 126 16

:.r.E. 0-3" 70 9 70 17
Clover 4-12" 0 17 56 19

S.E. o '>" -28 -5 -98 8-..,
Alfalfa 4-12" 42 7 14 15

S. 0-3" 28 5 -28 7
}1'allo\v 4-12" 28 11 0 17

S.'V. 0-3" 70 42 15
Clover 4-12" 56 16 -14 16

Super- 0-3" -228 10 -182 8
Phosphate 4-12" -42 14 0 12

H.ock 0-3" -56 14 -14 14
Phosphate 4-12" -42 20 -28 18

c~ypsunl 0-3" -14 10 42 10
4-12" -42 16 28 16

The gains and losses in the table for the incubation sets
are of course calculated for the samples taken on the date given.
The general course of developments is, however, evident. The
samples taken 10 Oct., 1927, showed in three instances moder
ate loss of nitrogen whereas nine showed no loss and some of
them rather heavy gains at the end of 30 days, and only one
showed a loss at the end of 40 days. The nitric l1itrogen gained
in all these rapidly. In the November samples the tendency to
loss of total nitrogen was decidedly marked in both periods and
the gains in nitric nitrogen were smaller though all sanlples
showed gains. The April samples showed the tendency to lose
total nitrogen still more strongly and the gains in nitric l1itro
gen vvere again smaller, but were not insignificant. The June
samples showed no losses in total nitrogen at the end of the 30
day period. On the contrary, all samples gained and there were
nl0derate increases in nitric nitrogen throughout the series. At
the end of the 40-day period, however, nine of the twelve samples
had lost total nitrogen but the gains in nitric nitrogen were still
significant. The August samples show much less tendency to
less of total nitrogen and the gains in nitric nitrogen were a
little higher perhaps than in June. The September samples
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show a single instance of loss of total nitrogen at the end of the
30-day period and two at the end of the 40-day period.

While the qualltities are 110t identical, the course of the
changes is parallel to those observed in the field, namely, an in
crease in the total nitrogen from Oct., 1927 till March, 1928,
followed by a period of loss extending till near the end of the
season when there was a tendency to increase again. The course
of the nitric nitrogen in the field was fairly even with a down
ward tendency till Sept. when there was an irregular increase.
In the incubation series the quantities are larger but the general
course is the same, namely, a decrease from April till J nne and
then a tendency to increase.

ADDITION OF FERTILIZERS

In the incubation tests there was a preliminary test start
ed with the additioll of aluendments on 10 Oct., 1927. The re
sults of this test may be given to indicate what may be expected
and for its cumulative value. There were five members in the
series, two representing the originals and three to V\Thich amend
ments were added.

Number 1 was soil that had been cultivated fallow for the
two preceding seasons ; No. 2 was fallow at the time the sample
was taken but had been plal1ted to corn (maize) the preceding
season. These are the original samples. No.3 is the sanle as
No.1 with the addition of rock superphosphate, 0.07 percent.
No. 4 is the same as No.2 with the addition of ground rock
phosphate, 0.075 percent. No. 5 was the same as No. 2 with
0.075 percent of gypsum added.

TABLE ~).-Pre1irrlinary Incuba tion Experinlents with Addition of Anlendrnen ts.

.:'\itrogen .:'Jitrogen Nitrogen
Original after 30 Gah1 after 40 Gain

clays days

No. 1 Total .1106 .1162 .0056 .1176 :0076

Nitric .0021 .0026 .0005 .0024 .0003

l'\JO. 2 Total .1148 .1316 .0168 .1253 .0105

Nitric .0012 .0005 -.0007 .0007 -.0005

Xo. 3 Total .1106 .1120 .0014 .1134 .0028

Nitric .0021 .0038 .0017 .0039 .0018

~o. 4 Total .1148 .1260 .0112 .1232 .n08~

Xitric .0012 .0035 .0023 .0038 .0026

No. 5 Total .1148 .1141 -.0007 .1092 -.OO5G

Nitric .0012 .0044 .0032 .0048 .n036



Ja.n., 1930 EFFECTS OF CLOVER AND ALFALFA IN ROTATION 39

With the exception of the soil to which gypsum was added
we have gains in the total nitrogen and only No.2, one of the
original samples, shows any recession in the nitric nitrogen.
The nitric nitrogen was only moderately abundant for these
soils to begin with. This sample was taken in a fallow after
corn. This land will not be discussed in this bulletin but some
features of its deportment toward the growth of wheat have
been given in Part III of this study. It must be considered that
this is only a preliminary series and too much importance is not
to be attached to the results but it is interesting to note that the
gain in total nitrogen was reduced by both the superphosphate
and the ground rock phosphate and converted into a loss by
the gypsum but the gains in nitric nitrogen were increased.
Subsequent observations do not support the latter statement.

These experiments were repeated in the field with soils
No.1 and 2. The phosphate was applied 10 Oct., 1927, but the
gypsum not till April, 1928, and then to land that had been fal
lovv during the tvvo preceding seasons so this ,vas the t11ird sea
son in fallo"'T for this land. The results obtained in the field
experiments have been given as the last six members of Tables
4 and 5~ and those obtained in the series of incubations consti
tute the last six members of Tables 7 and 8. An examination
of the table of gains and losses, Table 8, ,viII bring out t11at the
samples of June and August sho,v the low points in the an10unt
of nitric. nitrogen, vvhile August and the first 30-day period of
Septen1ber, the low point for the total.

We know nothing about the development of bacteria not in
volved in fixation and nitrification in these samples. The only
count that vve have, giving us any light upon this subject, is a
single count "'Thich showed tl1at the additio11 of superphosphate
had increased the nun1ber by 75 percent. vVe knovv 110thing
about this relation in our incubation experiments. '7\fe knovv
only the gross result in tern1S of total and nitric. nitrogen and
that these changes have taken place in the soil and are due to
biological agencies. The general result is that none of these
amendments caused a marked and constant increase in the fixa
tion of nitrogen but at seasons caused, or at least ,vas accon1
panied by, a loss of total nitrogen. The gains in nitric nitrogen
are relatively higher than in the regular field samples because
the initial quantities present were smaller, but the general
parallelism betvveen the tvvo series is sufficient to confirm one
another and vvith this, the field experiments.
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FIXATION AN.D NITRIFICATION VARY FROM YEAR TO YEAR

We are convinced from long observation that there are con
siderable, if not great, annual variations in the increase and de
crease of the nitrogen compounds in the soil, and that only re
peated observation, covering a series of years, can give the
definite relations of these changes to the effects produced in the
soil by a rotation of alfalfa or other legume. We further believe
that the results here presented force us to conclude, somewhat
against our former conviction, that these crops do not add nitro
gen to the soil, and that they do not increase, in a period of 1
year after the crops are plovved under, the amount of fixation
that takes place, but rather favor the loss of nitrogen (see Table
5). Further, they do not promote the nitrification after the first
few weeks.

We interpret our results as indicating that other factors
common to both the fallow and cropped land have controlled
these processes during the time of our observations, i. e., that
there was some seasonal condition that determined the results
obtained. Had these experiments been made some other year,
we might have obtained different results. There is a periodic
ity in these conditions but how long the cycle nlay be, or what
conditions determine it, we do not know. This vievv is also sug
gested by the varying sugar content of beet crops gro\vn on this
land, some years 8 or 10 percent as a maximum, others 16 per
cent. The growth of the crops was in harmony \vith the har
vest results.

WATER-SOLUBLE POTASSIUM IN SOIL SAMPLES OF 1928

In Bulletin 319 of this station, Part I of this study, \ve
present first the effect of crops upon the carbon dioxid content
of the soil atmosphere. This subject is greatly extended in Part
II. In the second section of Part I we present the action of car
bon dioxid on the principal mineralogical constituent of the soil
studied, viz., felspar. It is there shown that its action is to
elin1inate potash, K20, principally under ordinary conditions,
and that the presence of other salts, especially chlorids, increases
the action. These two facts led us to study the amount of \vater
soluble potassium in these soils and the results are given in Part
II. It was found that water dissolved much more, tvvice as
luuch, potassium out of the soil in which alfalfa was growing as
out of the fallow check plot.

During this work other surprising relations \vere revealed.
One of these was that the land varied greatly in the amount of
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\vater-soluble potassium that it would yield to a standard method
of treatment. The plot had in mind was practically divided in
t\VO by an east and west line. This plot was in alfalfa. The
north half always yielded more potassium to water than the
south half. This fact necessitated a knowledge of the respec
tive plots and considera.ble care in sampling. The method used
in determining the potassium was, as stated elsewhere, one de
vised by the Bureau of Soils of the United States Department of
Agriculture. The results found in 1927 are given in Part II
and those of 1928 follow. The determination of the instantan
eously soluble nitric nitrogen was added to that of the \vater
soluble potassium in the 1928 series.

The samples for these potassiun1 and nitric nitrogen de
terminations were not taken on the same dates nor to the same
depths as those given in preceding tables devoted \vholly to the
discussion of the nitrogen questions. The results given in the
former tables vvere obtained by using large samples and treat
ing then1 in a manner aimed to give us the whole of the nitric
nitrogen present and the san1pling \vas confined to the first 12
inches divided in two sections of 3 and 9 inches each. The
samples in the potassilun series \vere taken \vith just as great
care as were those for the nitrogen series, each sample as given
being composea of tvvo subsamples. The samples represent 6
inches of soil in each case, the first and fourth 6 inches. The
surface 6 inches were taken because ~"e find the greatest changes
so far as the nitrogen is concerned \vithin this depth. Carbon
dioxid is least abundant in this zone, possibly due to diffusion
into the atmosphere, though \ve have no conclusive proof that
this is the cause. We endeavored to sho\v this by covering the
ground \vith an air-tight covering and creating a limited atmos
phere between the covering and the soil. The covering \vas
double and each layer vvas \,rater-proof and if \ve did not suc
ceed perfectly in preventing diffusion into the air \ve should
have impeded it to such an extent that \,'e should have found
large amounts of carbon dioxid in this lilnited at1110sphere. vVe
did not find this to be the case. This is the reason \vhy \ve ha\'"e
not assigned diffusion as the cause of the regularly S111a11er
amounts of carbon dioxid in the soil atmosphere to a depth of
6 inehes than at greater depths. The fourth 6 inehes \vere chos
en because \ve had lysimeters at a depth of 18 inches. In the
series of 1927 we found regularly much n10re \vater-soluble po
tassium under the gro\ving alfalfa than in the fallo\v land and
at the same tin1e very much more carbon dioxid, three and four
times as much. We \vished to learn if possible ho\v this 111at
tel" stood in fallow ground succeeding alfalfa, also clover.
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TIle results given for nitric nitrogen in this series are not
comparable with those given in the preceding series of samples
because they do 110t represent the same sections, ,vere not taken
at the same time, i. e., on the same dates, and were determined
by different procedures. They -are not for this reason of less
interest, but rather of more, because they give us different
views of the question which is the 11lore valuable as they are
actually parallel to as great an extent as the depth and methods
used justify one in expecting.

There are no other water-soluble potassium detern1inations
for the year 1928 than those presented in the folloyving tables.
The method of extraction is an empirical one, n1ade in exactly
the same way each time and the results give the a1l1ount of
potassium soluble upon this treatlnent. The same is true of the
11itric nitrogen given in this series. The results do not represent
anything 11lore than the potassiunl in the soil that is actually
easily soluble and therefore available to plants at the time the
samples vvere taken. We believe that the method gives us this
infor1l1ation very satisfactorily, "Vvhich from a practical stand
point is what ,ve want. It is true that a subsequent extractio:n
of the residual soil in the same lnanner "vould give us an addi
tional quantity of potassiuln but it is less readily soluble than
the first portion and not of the san1e 'value from the point of
availability. The method is the lllost efficient one that has con1e
to my notice. These statelllents concerning potassium do not
apply so fully to the nitric nitrogen for we find that 30 nlinutes
standing is not sufficient to make a complete extraction of the
nitric nitrogen which is wholly available but in comparison
with the potassiunl it is easily extracted.

The follo,ving tables give the ,vater-soluble potassiulll and
nitric nitrogen in the land the first year after the alfalfa and
clover crops vvere plo"\;ved under, after two seasons occupancy of
the ground. In other words, the third season of the experi
ment all plots "vere cultivated fallovv and the water-soluble po
tassium and nitric nitrogen in the soil was followed throughout
the season, 1928. The fallow plots were again cultivated fal
low. This ,vas the third season in fallow and we have the cumu
lated effects of this practice, some of which by this time are
certainly becoming disadvantageous. The results, however,
give us a comparison of the conditions in the fallowed land after
2 years cropping to legumes and cultivated fallow. As stated,
I think that the conditions tend to place the results of the crop
ping to legumes in a more favorable light than if we had been
able to compare them with a fallow which had been fallovved
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only one season. How long the effects of a cropping will last
has not been determined, so far as I know, but for more than 1
year. On the other hand, fallowing for 1 year may be good but
it is a question whether cultivating fallow for three successive
seasons may not be too long. In this time the easily changed
nitrogen compounds present at the beginning of the fallo\v may
be materially diminished and the formation of nitrates, for in
stance, lessened. The opposite of this, perhaps an exaggerated
case, is presented by the effects of plowing under our crops upon
the amount of nitric nitrogen in the soils. Nitrification set in
vigorously and then declined.

Tables 10 to 13 inclusive show that the water-soluble potas
sium is more abundant in the clover and alfalfa land throughout
the season after the crops were plowed under than in the fal
lowed land. For further comparison the averages for the sea
son of 1927 while the crops occupied the land are given. These
shovv several instances in which the soluble potassium vvas two
or more times as great as in the fallo\v and no individual differ
ence in favor of the fallow exc.eeds 7 p.p.ln. for either section
given. These differences persist throughout the succeeding
year.

Matters stand differently vvith the nitric nitrogen. rfhe
fallow in 1927 averaged much higher in nitric nitrogen than the
c.ropped land. The amount present vvas fron1 three to seven
tin1es as great as in the el'opped land. After the crops vvere
plo\ved under, 13 Sept., 1927, the nitric nitrogen inereased
rapidly for a while at the expense of the easily nitrifiable n1ate
rial of the c.rops. The average amount of nitric. nitrogen in the
alfalfa plots just before plovving them up \;vas 4.4 p.p.m.; in
the clover 3.2 p.p.m., and in the fallow 18.5, taken to a depth of
1 foot. It had inereased by 10 Oct. to 17.0 p.p.m. in the alfalfa;
to 17.0 in the clover and \vas 13.5 in the fallo\~l; it increased fur
ther in November, when our field sampling eeased till the fol
lO\i\Ting March, 1928, when it vvas still high. It began to fall in
April and continued to lose till the follo\ving fall. We are not
justified in attributing this fall in the nitric nitrogen during
this season to the crops plovved under because the fallow plots
lost too. This was the c.ase '~Tith the total nitrogen also.
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TABLE 10.-vVater-Soluble Potassiun1 and ::\'itric ?\itrogen in Fallow Plots.
1928, in p.p.n1.

West Fallow

o to 6 Inches 19 to ~4 Inches

23 March 30.9 19
4 April 38.1 11
11 April 40.0 11
19 April 22.5 14
25 April 42.4
8 May........................................ 59.4
18 May........................................ 32.5
24 May.................................... 33.8
31 l\1ay 38.3'
6 June 17.2
13 June 28.6
20 June 23.3 6
27 June 31.8 6
5 July........................................ 37.9 It
11 July.................................... 36.7
16 July...................................... 28.1 6
25 July.................................... :31.5 10
1 Aug. 35.7 10
8 Aug. 28.9 12
16 Aug. 35.1 14
23 Aug. 34.8 13
29 Aug. . ~... 45.2 22
5 Sept. 48.6 6
12 Sept. 25.9 6
19 Sept. :30.1 1:3
26 Sept. 32.0 10

1\ort11
I( XDate

South
I{: ~

27.6
52.4
47.2
24.3
42.4
6~).4

42.1
33.8
47.4
32.8
35.4
27.0
32.6
37.7
44.2
34.5
35.5
33.1
29.6
38.7
35.0
21.5
2;).1
30.8
32.1
43.5

14
12
14
10

4

S
10

S
11
10
10
12

24
6
6

21

South
K X

19.9 18
24.1 19
23.4 18
13.2 19
21.4 10
25.3 1').J
23.7 16
19.9 G
25.0 12
16.2 11
17.3 8
17.5 14
15.4 18
22.2 18
24.5
25.2 3
15.6 10
17.7 3
15.4
15.9
17.5
36.8 14
15.5
15.8
19.1
23.1

~orth

l{ N

17.5 1~

33.6 ~~

34.~1 19
14.5 18
32.;) 14
31.:) 14
40.:3 18
19.2
23.~1 14
26.5 18
18. ~) 18
21. ~l 2-t
18.7 12
2-1.2 14
26.1 ti

2:3.4 6
21.7 11
21.1
18.5
23. " 10
20.7
29.6 14
18.3
17.:3
2~.8

2;).3
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TABLE 10-Continued.

East Fallow

0 to 6 Inches 19 to 24 Inches

South ::'\o1't11 South North
Date I( ~ I{ X I( X I( N

23 l\1arch ....... _...... __ ............... -- ...... _- 27.0 6 27.7 6 17.3 ]4 17.6 16
4 April 37.0 16 34.7 14 20.1 1~ 15.2 11
11 April .................... -_ ... - ...... - ..... -...... 34.1 14 34.9 6 19.1 18.S
19 April ................ -- ..................... - .. --_ ..... 42.8 17 41.3 11 24.0 18 25.8 14
25 April ........... _- ........................ _._--_ ..... 55.4 6 56.1 6 26.9 14 26.1 18
8 May ......... - ..... _ ........................... - ........... -- .... 39.5 6 39.0 6 23.9 18 19.£1 19
18 May ................. _-_ ........ --.-- ............. _.... __ .. 39.4 2 37.7 2 19.1 16 21.1 14
24 May .............. -- ............. --- .... _.......... _....... 37.0 1 39.3 29.2 10 19.3 6
:31 May ..... _ .......... _........ __ ......... _---- ........ 31.0 30.9 16.6 19 18.6 18
6 June -_ ... - ....................................... - ......... 29.9 26.4 14.9 14 16.6 14
13 June ............... - ............................ _.... _---- 27.4 3 29.7 ]!).6 16 17.1 16
20 June ............................... - ....... -............. 29.1 6 :34.9 15.7 ~~ 14.5 18
27 June ........................ _ .... _-_.- ................. 41.4 6 :36.7 18.1 1-! 16.8 10
5 July ................................................ _....... 40.3 12 38.7 11 17.4 18 16.2 10
11 July -................... _... _............ _............. 35.8 10 ~9.1 18.1 ~O 15.6 11
16 July ....... - .... __ ........ - ........ _.......... - .... - 32.1 20 :?9.3 18 18.7 IS 17.8 18
25 July ..... - ... -- .. _- .............. __ ...... _...... 40.~1 32 32.1 11 15.1 18 15.2 16
1 Aug. ........... -_ ................ - .......... _... - .. 27.9 8 32.5 10 15.3 6 ]4.7 10
S Aug. .... _...................... -................... 38.4 14 37.3 14 19.1 12 15.6 8
16 Aug. .............. _...... - ...... __ ..... - ...... :37.2 14 :37.2 ]6 15.5 14 17.6 11
~3 Aug-. ............................................. _.. - .. 41.4 29 40.5 15 2:3.2 16 20.0 14
~9 Aug. ............................................ _-_ .... 30.1 16 ~9.4

.).) 1:3.3 16 15.8 12
:) S0Pt. ............................................... ~!l.l 10 31.9 6 ]') ~) 6 15.4 6
12 Sept. ............. -..... _........................ 38.5 13 27.8 1-! 14. ~) 10 11.7 6
19 Sept. ........................................ 36.1 10 38.0 12 HI.-! 10 18.8 6
26 Sept. .............................................. 3!l.8 22 42.0 ~2 ~4.3 ]-1 28.6 In
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'I'ABLE 11.-V\Tater-Soluble Potassi tun and :\itric Nitrogen in Clo\'er Plots,
1928, in p.p.m.

vVest Clover

0 to 6 Inches 19 to 24 Inches

South .:'\orth South Xorth
Date K N K ~ K N I~ N

23 March ........ _- ..............-.. -_ .. -.. -.... -..... 40.5 29 23.9 21 21.9 6 20.2 6
4 April .---- ... __ ...................... _-_ ... -........ _ ...... 67.1 21 58.;) 32 66.5 10 :37.U 6
11 April -.......... -...... -............... _----_ ........ 69.9 29 59.1 3~ 51.7 G 37.6 3

19 April ......................... -................... -........ 49.0 29 47.7 :3~ 43.8 6 33.1

25 April ---.-- .... _-- ........._- .... __ ... -......... _-. 51.6 18 39.8 1~ 38.3 6 29.9

8 lVlay ...... -........ -... _---_ .. -.............. __ .............. 44.2 27 37.2 19 22.9 6 21.8

18 May .......................... -................ -..... -.. 52.9 6 48.8 3 68.0 10 38. ~)

24 May --- ........ _... -- ........ __ ....... -...... __ .......... 65.0 6 53.6 33.1 ~7.9

31 May ...................... ---- ................. _---- ....... 32.0 6 :30.6 20.4 6 ] 3.9

6 June ... _-_ ............ _- .. _..... _-._ ........... _-_ ... _.- .. 57.1 (; 50.9 57.8 7 43.5 6

13 June ... -......... -.................... __ ............ _.. --- ... 42.6 12 32.2 6 29.6 10 -1::L9 8

20 June ................. _... -....... _.... _...... __ .......... 66.4 18 42.4 1-1 37.1 ]8 33.0 18

27 June ..................... _.... -.... __ ............. 49.6 16 56.~ ~1 39.9 18 18,] 18

5 July ---.- ........ -....... _............................. - 48.9 20 40.9 18 22.4 1-1 ~4.6 8

11 July _.. _ ............. _...... -............................. - 69.5 37 38.7 6 54.2 HI 35.3 8

18 July _... _-- .. -..... _..... --_ .............. __ ... _......... 39.7 21 ~-1.5 18 27.6 14 ~O.O 10

25 July ._----_ .............................. _................. _ .... 41.9 21 32.6 17 38.1 16 21.3 18

1 A.ug. 36.1 18 28.5 1') 35.5 12 15.6 6.. _-.- .............. -........ -.................. oJ

8 Aug. .- ...................... -.- .................... 52.4 22 40.3 16 35.4 14 28.~ 9

16 Aug. _..... - .......... _.- ..... -...._......................... 67,4 2-1 61.4 ~2 60.7 14 33.2 1~

23 Aug. ................ _ ......... _ .......... _......... 38.7 22 29.6 1-1 :37.4 9 25.6 I)

29 Aug. --- ................. _.... -.............. _.... 45.2 22 21.5 24 36.8 14 2~).6 14

5 Sept. .. -... __ ........................................ _. 79.6 ~6 45.5 18 42.3 8 31. :~ 6

12 Sept. ......... -...... -.... -.- .... -............ _.. _...... 65.4 21 35.4 20 34.8 10 16.-1 6

19 Sept. ... _.. _ .. -- .. -...... -- .. _ ............ -....... 71.3 18 -17.0 21 53.0 6 2-1.-1 (;

26 Sept. ._ ... -..... -_ ........ _............... _..... 48.5 22 44.3 21 38.8 10 20.:3 6
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Date

23 March .
4 April _ ..
11 April ~ .
19 A.pril .
25 April .
8 M:::t:y .
18 l\1a}r .
24 lVlay .
31 Ma~.r ..
6 Jll11e _..
13 .June .
20 June _ .
27 .June ..
;) Jul~r .
11 .July· .
18 July .
25 .Tlll:y .
1 Allg _ .
8 Allg .
16 Allg .
23 ~'\ug·. . .
29 AlIg·. . ..
5 Sept. .__ .
12 Sept. . __ ..
19 Sept. .. __ .
26 Sept. .

TABJ... E 11.-Continued

East Clover

0 to 6 Inches 19 to 24 Inches

South Korth South North
K N K ~ K K 1-( N

21.8 :35 30.4 51 11.5 54.8 14
28.8 27 49.3 22 20.3 10 58.2 7
27.1 10 42.7 14 21.4 3 53.3 6
19.4 24 29.6 21 13.6 4 20.0 3
25.S 37.3 9 17.2 67.2 4
21.8 19 28.8 10 15.6 6 26.0 6
21.2 29.5 2 16.4 6 71.8 11
19.0 2 32.2 17.9 13 37.2 6
20.7 6 26.1 6 14.3 8 44.3 8
18.4 2 23.4 8 12.6 8 18.1 10
19.1 3 28.8 6 14.7 8 25.1 11
24.0 10 37.0 It 15.6 20 70.0 18
28.2 14 36.5 14 16.2 14 37.3 10
38.~1 27 :36.8 .] S 19.8 14 67.4 13
28.5 14 :32.3 17.6 18 43.7 16
33.2 24 31.3 I!) 24.1 18 39.0 16
25.1 20 30.2 14 15.1 18 36.1 10
25.0 18 28.8 11 17.5 6 52.9 10
37.1 22 32.4 18 14.6 14 34.7 14
28.7 27 34.0 22 13.6 14 36.:3 14
23.7 6 30.5 10 13.6 10 33.1 10
20.7 12 28.2 10 ] 0.9 6 :30.5 12
2~~.2 10 32.4 11 13.5 6 28.8
25.0 22 ~6.3 18 16.5 8 67.5 10
27.4 13 39.2 12 19.3 6 46.8 6
30.6 21 40.2 20 17.7 10 33.9 10
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rl'ABLE 12.-\Va ter-Soluble Potassiu1l1: and Xitric Nitrogen in Alfalfa Plots.
1928. in p.p.m.

West Alfalfa

0 to 6 Inches Ul to ~4 Inche~

South North South Korth
Date. I\:: :N IZ ~ K N K. N

23 lVlarch .. ~ ............................................................ 98.8 5') 72.6 27 64.5 76.3 10
4 ..A..pril ............ --- .............................. _- 51.7 37 58.4 19 29.5 103.0 S
11 April ................ __ .............. _- .. _-- ........ 43.S 42 51.3 26 61.8 78.1
1 ~~ ~~pril -..... _- ............... -.----_ .......... -... 5:3.1 42 52.7 42 3:3.9 (j 95.5 6
25 A.pril .... __ ................. --_ ...................... _- 38.3 16 54.9 10 44.9 3 86.4 -1
S May __ .a .... _ ........... __ .. ___ ••••••••••••••• _ ••• 75.1 30 75.5 14 56.2 6 107.0 Hi

18 May -.. -.---_ ................ _.................... -.- .. 28.8 6 41.5 31.1 10 111. ] IS
24 l\1ay .. -.... -.. -... _... -.- .... _- ... ---- ... _-_ .... ---- 24.9 29.8 30.9 6~1. 7
31 l\1ay .... __ ......... -........ -....... -............ - ... 51.2 S 45.:3 49.5 6 107.0 G

6 June ._ ..._-- ................-.................... 22.9 1 34.8 21.6 6 110.9 S
13 June .--- ........... -... -.- .............. 30.:3 6 39.3 5 27.0 IS 68.7 II)
20 June .......... _-- .......... _.. -....... -_ ....... 3-1.1 10 44.5 8 43.1 18 ~)2.3 :20

27 June ..... _.............. -.......... _......... 34.8 20 46.2 20 42.7 14 10G.S 16

5 July .... _--._ .......... __ ...... _.................... 34.0 20 51.2 20 38.2 1·1 72.1 16

11 July ..... -............. -... _ .................... 33.3 10 41.4 10 24.2 77.1 10

18 July ..... -....... __ ........ --_ .... _........... 31.6 6 37.8 10 20.1 6:3.7 14
25 July ...... -.- ... _......................... -.......... 38.6 18 45.1 18 31.4 10 73.0 18

1 Aug. ..................... _..................... 32.0 22 37.4 22 44.0 14 72.3 14

S Aug. ._- .. -......... -................ -......... 29.5 14 40.1 14 27.7 G 60.1 10

16 Aug' . .............................................. 3·L7 14 39.9 22 27.5 6 84.5 1:-;

23 Aug. .. _.... _................... -_ .. -......... _-. 42.0 22 35.7 10 16.2 49.1 In
29 Aug. ... __ .. _............ -_ .............. ---_ ..... 24.6 14 40.5 26 15.2 75. ~) LJ

5 Sept. .- .... ... _ ... _ .... " .. _._- 2·L8 14 ~9.0 14 :30.4 1:) 5~L8 11

12 Sept. ....... A .............................. • ........ • .. • 37.5 22 38.7 22 25.8 6 56.1 10

19 Sept. .............. _........................... 27.2 32 34.7 16 19.9 6 74.7 G

26 Sept. .... -.......................... -........... 34.4 20 47.0 14 23.1 6 59:7 11



Ja?fl,., 1930 EFFECTS OF CLOVER AND ALFALFA IN ROTATION ,49

TABLE 12.-Continuecl

East .AJfalfa
0 to 6 Inches HI to 24 Inches

South Xorth South North

Date I~ N I~ X l~ X I~ N

23 l\1arch .............. _- ,- ................... 71.9 51 31.6 18 69.1 35.3 4
4 April ............................................... --- 65.0 18 57.8 19 42.1 59.7 3
11 April .. __ ............... -...................... 87.8 16 59.2 :21 44.6 49.9 6
19 April ..... -- .............. -.- ....................... 69.0 16 40.2 18 62.3 34.:3 3
~5 April ..... -............................................ 95.8 17 64.4 27 76.9 6 48.2 5
:\ IVlay .............................. --_ ....................... 72.9 30 57.9 29 76.0 10 66.2 6
18 May ..... _... -........... _- ... __ ... _- ...................... 38.3 6 41.8 33.2 10 37.2 8
:24 IVlay .... _--_ .............................. -.. -.... - 52.1 43.4 25.0 6 30.4 6
31 l\1ay ...... __ ......... __ ......... -- ................... 40.8 19 27.1 31.4 26.0 6
6 June ............... --_ ................. -......................... 46.8 8 40.5 38.7 14 42.6 12
] 3 June .................................. ~ ............................................. 51.2 18 29,4 4 49.1 48.2 6
:20 June ...... _- .................... -............................ 52.4 14 49.3 16 47.1 18 93.5 14
~7 June ......... _ ...................................... _-- 66.2 14 37.2 16 3~.6 10 23.6 16
5 July .............................. -_ ............. -............ _-. 72.3 30 67.7 32 68.8 18 66.8 21
11 July 54.9 6 39.7 10 69.8 11 3') -- 6................................................. -. _. I

18 July ............................................. 45.6 14 38.7 10 f16.1 10 42.8 10
:?G July ............................. __ ......................... 52.8 El 50.4 '21 40.4 11 65.5 10
1 Aug. ......................................... _................... 42. ~) 22 26.9 ~3 34.3 12 23.7 17
S Aug. 62.5 20 65.5 16 4'" .) S 45.1 6.- ... ---_ ................ ...................... v."-'

16 Aug. ..... ---_ ......... -....... _ .......... __ .. _-_ ........ 68.2 ~2 4:2.8 ~4 44.2 11 39.6 10
:23 Aug. ............ ---- ........ __ ................ --- .. 48.8 18 42.6 16 ;)~.~I 14 67.7 11
29 Ang. ... -....... -...... -_ .... -................-......... 55.7 ~7 39.9 18 50.0 14 46.8 8
;"j S'ept. ............................................... 64.9 22 42.5 19 47.0 6 31.1 11
1:l Sept. 68.1 .)~ 44.2 18 44.7 8 33.0 5........ -........................................ ~ I

19 Sept. .................................................... 63.9 22 51.1 ~~ 37.2 8 44.4 6
~6 Sept. ................................................. 73.1 22 42.9 21 69.3 12 40.1 6
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TABLE 13.-Average "'Vater-Soluble Potassiunl and Kitric :-\itl'ogt='n in Differ
ent Plots. 1928, also 1927, i.n p.p.TIl.

\Vest

o to Inches 19 to 24 Inches

South
1-( N

North
IZ N

South
K N

North
IZ N

}\..lfalfa 38.9
Clover 53.6
Fallo\y 34.2

19
20
20

44.8
41.2
36.8

15
13
13

East

33.9
40.3
20.2

8
10
10

80.4
27. ~)

. 24.2

11
8
8

o to Inches 19 to 24 Inches

South
K K

North
I~ N

South
K i\

North
K X

.i\.lfalfa
Clover
Fallo\v

60.9
25.5
36.1

19
15
11

46.0
33.2
35.0

17
14

9

52.5
16.2
18.9

10
14

45.9
43.6
18.1

9
10
12

The plots \vere all fallo\v during 1928 but occupied by the crops given in 1927.

Corresponding data for sanle plots in 1927, crops gTo\\'ing*.

West

0 to Inches 19 to 24 Inches

K N I-( N K :-\ K N

Alfalfa ..... _.. - . --. ---~ - . ---.. --............ 30.0 6.5* 44.2 6.5 31.2 81.4

Clover .---_.- .. --------_ ........... _- 45.9 5.0 45.8 5.0 29.2 22.0

Fallo\y .-.--_ ............... :35.3 22.0 ;~1.6 22.0 17.2 1-1- 26.8 14

East

0 to Inches 19 to 24 Inches

K N I{ X K X K N

Alfalfa .... ---_ .. - ........ -----_ ..... 60.8 45.0 45.4 4.5 35.2 35.8

Clover 18.7 26.7 :3 11.9 ;3 42.0

Fallo\v --_ ... _----_ .. 23.2 18.;) 22.6 18.5 13.1 12 11.4 12

The I{ here is the average of the cleternlina tions made before the plots \\'<:.'1'0

plo\ved up 13 Sept., 1927.
"'These samples represented the \vhole plots. not the north and south halves.

Th<:>refore the anlounts are g'iven as the san1e in the t\VO halves.
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MINOR VARIATIONS IN WATER-SOL1JBLE POTASSIUM

'While the effects of the crops upon the amount of soluble
notassium in the land are evident, in that they increased it to
double that in the fallow, it is not at all apparent to what the
111inor variations are due. Rainfall and irrigation may in a
slight degree affect the distribution; definite instances of this
are not conspicuous. The moisture was determined in every
sample and the range for the whole year for the 19 to 24-inch
samples of the east alfalfa, is scarcely more than 2 percent, but
there are very strong variations in the amount of \~Tater-soluble

potassium. It 11lust be noted, however, that the moisture is giv
en in percentages while the potassium. is given in p.p.m., and 0.5
percent is 5000 p.p.m. This fact, hO\iVeVer, does not explain
111uch for we have too 111any irregularities, i. e., contrary direc
tion of the changes. It does not seen1 probable that the amount
of vvater that acts on this soil should leach out the potassium to
a sufficient extent to account for the variations noted \vhich
appear on examination of the tables.

Water percolating through soils is not effective in relnoving
potassium. Drain waters seldom carry 1110re than traces and
irrigation \vaters that carry some potassiu1l1 have lost it \~Then

they reappear as return vvaters. Such \vater may have re
111ained in contact \vith varying soils for a longer time than the
rain and irrigating vvaters can ever be in contact \vith the sur
face soils in a cultivated field. These \vaters 11lay have been
1110re efficient in transferring \vater-soluble potassiulll fro111 a
higher to a lo\ver horizon than the composition of drain and re
turn waters \vauld lead one to infer.

vVe have followed the ,;vater-soluble potassium for t\VO
depths only, the first and fourth 6 inches of the soil. The first
6 inches are frequently 111uch richer in soluble potassium tl1an
the fourth. We infer, but do not knovv, that the potassium is
rendered soluble more rapidly near the surface than at greater
depths. Our observations shovv that the first 6 incl1es are richer
than the fourth 6 inches and they in turn Bluch richer than the
sixth 6 inches. The soluble potassiu111 decreases fro111 the top 6
inches to a depth of 3 feet. In a section 11 feet deep '~Te found
the fourth, fifth, sixth, seventh and eighth poor, the ninth, tenth
and eleventh foot decidedly richer. In another section of the
saIne depth the increase in the soluble potassiun1 began in the
eighth foot. This distribution of the soluble potassium lllay
have been effected by percolating \vater. This suggestion is
made a little more plausible than it at first seems by the fact
that the nitric nitrogen increases at the saIne time and we have
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assumed that the nitric nitrogen indicated the limit of the pene
tration of a given rainfall or irrigation. It may be here stated
that the "vater plane in this land is about 22 feet below the sur
face, so the nitric nitrogen, for instance, is not likely to be car
ried into the ground "vater and lost in this way. A 6-foot sec
tion taken fron1 one of our alfalfa plots on 15 Oct., 1926, may
illustrate this.

TABLE I·L-Distribution of ""Vater-Soluble PotassiU1l1 in Alfulfa Soil on 1;)
Oct .. 19~6 to a Depth of 6 Feet.

Dep th in Inches .
p·I)·l11 __ .. _ _ _ _ .

Xitrie Xitl'og-en _.. _ ..

6 1:2
47.9 51.3

4.5

18 2-4:
-4:~.6 23.~)

3.5

30 36
11.~ 10.-4:

3

42 48
8.8 10.-1

1

3-1 60
L~).:l 1-!.:~

66 7:2
17.13 IS.;)

The nitric nitrl)g-en hvre giYt'n is for cOlnpusite sanlples of the sarne suil.

The soluble potassium in this sampling reached its mini
mum in the fourth foot. There had been a rainfall of 0.7 inch
during the 3 days previous to the taking of these samples. The
amqunt of vvater might be appealed to account for the excess
of 9 p.p.m. in the second 6 inches over the third 6 inches by hav
ing moved some f1'o111 the top 6 inches to the second 6 inches,
but this is doubtful.

vVe made a percolation test through a 15-inch colun1n of
soil to see ho\v rapidly the potassium would probably be moved
downward through this soil. We used distilled \vater at 1'00111

temperature about 15° or 17°C. We repeated the application of
vvater in portions of 2.5 litres 10 times and determined. the
potassiull1 in the percolate. T\vo and a half litres of \rvater \vere
equal to a column of 45 inches having a section equal to that of
the soil section. This is as much vvater as would have fallen
upon or been added to the soil as irrigation water in about a
year and a half.

The first percolate carried 10 p.p.m. of potassium. This
shows that the amounts of potassium involved in this Inovement
during the time of our experiment were probably not large
enough to deserve consideration and indicates that the present
distribution of the potassium is a comparatively permanent one
which makes any attempt to account for its irregularities diffi
~ult on the basis of a movement of solutions in the soil. There
were no experiments made with carbonated water. The only
approach we made to this was to ascertain how much IT10re

potassium carbonated vvater would dissolve out of this soil than
\vater free from carbonic acid, following the method used in ex-
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traeting the soil. The carbonated "\vater dissolved 2.3 times as
muc.h as water free. from carbonic acid. This is a gain of 130
percent. While this may be a factor in the question it is by no
Ineans c.lear ho"\v it is related to the question especially in the
soil in place. The amount of carbonic. acid in the soil is fairly
large and nluch larger in the alfalfa and clover soils than in
the fallow but how great a part it may play in this phase of the
question is not made out. .

If the data obtained be really applicable and the \vhole of
the potassiUlTI taken into solution by 45 inches of \vater \vere de
posited just below a depth of 18 inches, it \vould not account for
the amounts that we find as it "\vould involve only 19 p.p.ll1. in
1.5 years. We find very 11lUc.h larger quantities under both the
clover and alfalfa, but the fallow sho\vs only slllall variations.

We have referred to the part possibly played by carbon
dioxid or carbonic acid. This again cannot be appealed to as a
sufficient and satisfactory cause to account for the variations.
'This is true, however, our results may be arranged in groups or
the average for the whole season be taken. There is a tendency
to a period of maxinlum potassiu1l1 in the spring, during l\1arch
and April, then a slllall falling off in l\1ay follo"\ved by a rise but
not to the level of the spring 111aximlUTI \vhieh is 111aintained till
Noveluber \\Then it rises again. No san1ples \vere taken during
the \vinter 1110nths but the potassiun1 "\vas higher in l\'1arch than
in NOVel1lber. These statements pertain to the plots cultivated
fallovl. As shown in the last prec.eding table the cropped land
"Tas very much richer in soluble potassiun1 than the fallo\v and
this varied "\vith the crop. The potassiUlu "\vas highest under
the alfalfa, next under the clover and least under the fallovv.
This' is the order of abundance of carbon dioxid in the soil alL,

but the maxin1al quantities of carbon dioxid and soluble potas
sium do not fall together, in fact they fall out.

The period of the minimu1l1 carbon dioxid under the alfalfa
and clover also, is in March and April but it is not 111arked in
the case of the fallow. In 1927, for instance, tIle ll1axi111U111 in
alfalfa land \,Tas 267 p. p. 10,000 ,vhen the crop ,:vas gro\ving
vigorously and the luinimunl ,vas in March, 50 p. p. 10,000. In
1928 vlhen all plots ,vere fallo\v there \vas in the alfalfa land
190 p. p~ 10.,000 in Sept. and 52 parts in lVlarel1.

The fallow showed i!O p. p. 10,000, 19 Sept., 1927 and 22
p. p. 10,000 on 26 Nlarc.h, 1928. The period of high carbon

,dioxicl is during the gro\ving period, June, July, ...~ugust and
Septen1ber, but that of high potassiunl is in l\1areh and April
after whic.h it comes to a varying but in general only a 111oder-
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ately high level till the late fall when it apparently goes up, be
ginning in late October or November. This is the general course
for all plots.

CARBON DIOXID .AND POTASSIlTM CORRELATE WITH THE CROP

While there is no close relation observable between the
variations in the quantities of soluble potassium in the soil and
the carbon dioxid in the soil air, there is a correlation between
the different crops; the anl0unt of carbon dioxid in the soil
air and the soluble potassium in the soil which is apparent on a
comparisoll of these three factors. The alfalfa fills the soil air
with carbon dioxid to a greater degree than the clover and the
soluble potassium is greater; so too the clover when c.ompared
with the fallow.

VARIATIONS IN WATER-SOLUBLE POTASSIUM NOT DUE TO

SAMPLING

We are usually inclined to nlake some allowanc.e for varia
tion in the soil samples but we believe the variations cannot be
attributed to this cause. We tried to eliminate this error by
taking a good many samples, and ,ve believe that the parallelis1l1
of the deternlinations throughout the tvvo seasons that these de
terminations were made, shows that the variations ac.tually
ocenI' in the soil and are not due to sanlpling.

It is true that we did not make a perfeet exhaustion of the
soil but the results should, and vve believe do, give us the anl0unt
of readily soluble potassium with all needful accuracy for the
work in hand.

Our object in 1926 and '27 was to find out if possible to
"tNhat the good effeets of alfalfa, or other legurne, in a. rotation
are due. Our object in 1928 ,vas to further establish the \;york
of the preceding 2 years and to ascertain how these plots of land
deported thenlselves, and the persistency of the effect observed
in the preceding years.

We did not find any addition of nitrogen by either the clover
or alfalfa. We did find a decided increase in the soluble potas
sium associated with an abundant supply of carbon dioxid by
both the clover and the alfalfa.

FIRST EFFECTS ON NITRIC NITROGEN OF CROPS PLOWED UNDER

When we incorporated the crops in the soil we added as
large an anlount of easily nitrifiable organic matter as would
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ever be added by any ordinary green crop and it was followed
by a period of active nitrification. This is well shown by the
determinations made on the samples taken for the purpose of
following the soluble potassium and also by the larger san1ples
taken to follow the course of the nitrogen. On 2.~ Sept., 1927,
the niLric. nitrogen in the west series was, for the top G·-inch
san1plec, averages of north and south halves, alfalfa 6.5 p.p.m.,
clover 9.0 p.p.m., fallow 22 p.p.m. By 25 Oct. these averages
had become 14 p.p.m. for alfalfa, 15.5 for clover, and 18.5 for
the fallow. By 22 Nov., the last sampling for the season, vve
had 28 p.p.m. for alfalfa, 28.5 for clover, and 23.5 for fallo\v.
rrhe next sampling was made 23 March, 1928, when -\ve found
39.f> p.p.m. for alfalfa, 25 p.p.m. for clover and 16.5 for fallo'v.
By the end of April this period of high nitric nitrogen ceased
even in the top 6 inches of the soil.

DISTRIBUTION OF NITRIC r~ITROGEN IN FALLOW PLOTS

There ,vas a marked difference in the cropped and fallo"!
plots. This high nitric nitrogen in the cropped land "vas largely
confined to the top 6 inches while in the fallo"v plots it was still
high at a depth of 2 feet so that the average aggregate quantity
was much higher in the fallow than in the cropped land. The
average given above for the west alfalfa, top 6 inches, is 39.5
p.p.m. but the average for the fourth 6 inches on this date "V\Tas
8 p.p.m.; the average for the top 6 inches of the fallo'v is given
as 16.5 p.p.m.; the average for the fourth 6 inches for the same
sampling is 16.0 p.p.n1. This difference bet,veen the cropped
and fallow plots in regard to the distribution of the nitric nitro
gen persists throughout the season. It is just as marked in the
clover ground as in the alfalfa, the average given above for
clover on 23 March is 25 p.p.n1. for top 6 inches; it ,vas 6 p.p.n1.
for the fourth 6 inches.

Loss OF NITROGEN

Our tables for the total nitrogen ShOV\T a loss varying from
date to date but always belo"" the initial amount present after
the March samples. rrhere was an increase bet:\veen Sept., 1927,
and March, 1928, but from March onward there ,vas a contin
uous difference between the totals found in favor of the initial
sanlples. This strong tendenc.y to loss in total nitrogen V\Tas not
overc.ome by changing the conditions of ten1perature and n10is
ture as happened when "ve incubated the samples. We found
frequent losses in this series of experiments also, extending over
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a period of 1 year. This deportment does not seem to be eharac
teristie of the eropped soils but is also shovvn by the fallovv plots
therefore one ean not attribute it to the effects of cropping.
The potassium is decidedly higher in the cropped soils than in
the fallovv and the differences continue in the same sense in 1928
,vhen fallo,v, as in 1927 vvhen cropped.

CARBON DIOXID IN PLOTS, 1928

In regard to the carbon dioxid in the soil air \ve present
the continuation of our observations throughout the year 1927.
Concerning the effects of crops upon the amount of this in the
soil, \ve have s110wn by results obtained through 5 years of ob
servation that growing plants fill the soil with it and that it is
directly related to the gro\ving of the plants. Under wheat it
increases till the plant reaches maturity and then falls till it
finally reaches the level of fallovv ground \vhich is in the same
season of its grovvth. Corn has the san1e effect but the time of
its maturity is not the same. Clover sho\vs this relation prob
ably better than any other plant that we have used. If this be
cut \'lhile the plant is not yet nearly mature, at a tin1e vvhen it
has not yet prepared to send up a second grovvth., there is a sharp
cheek in its development while there is a period of preparation
for the next crop. In this case there is a sharp fall in the carbon
dioxid in the soil air; if maturity has been reached the prepara
tion for the second erop has been provided for by the plant, and
the depression in the carbon dioxid is not so pronounced.

The roots ren10ved fron1 the soil and treated "'lith mercuric
chlorid give off carbon dioxid abundantly for some tilne. For
hovv long I do not know. This might be a source of carbon
dioxid in the soil for a tin1e after the crops were plo\ved under.
The putrefaction of the plants possibly has for a tjDle some efi:'ect
upon the an10unt of carbon dioxid in the upper portions of the
soil. At least this vvould seem to be a legitimate inference, ovving
to the ineorporation of a considerable amount of green, succu
lent, easily fermentable material. The carbon dioxid found in
the 6, 12 and 18-inch lysimeters do not agree with this. The
question of diffusion may enter here concerning the 6-inch
lysimeters, but we consider it an open question. The effect
upon the amount of carbon dioxid was vvholly negligible. The
carbon dioxid in the air at 18 inches below the surface may be
given for the alfalfa and clover plots. The mean atmospherie
temperature was 69.4 OF. when the crops were plowed under
and did not fall materially below 50°F. till the last fev'l days of
the n10nth.
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The carbon dioxid in parts per 10,000 in soil air from 18
inch IYRimeter for Sept., 1927, was:

Date 12 19 23 28

Vl. Alfalfa -.... . . ~ .. -................................ 1f.~ij IfH 193 155 136
E. Alfalfa . __ .. -............ -_._ .. 229 173 188 186 137
\~T. Clover ... . .... -.............. -.. 147 155 157 158 98
E. (']oyer 87 ]]4 86 85 71

This gives us the carbon dioxid for 2 weeks before and 3
\veeks after the crops were plowed under. The general course
of the carbon dioxid at this season of the year is downward.
The maximum is reached at this depth in Augu'st, and a little
later at greater depths. The other depths, 6 and 30 inches,
show similar results. This particular point was of rlecided in
terest to us but was n9t the object had in view in plowing the
crops under. This object was, as presented in the cases of the
nitrogen and potassium, to see what might be the deportment
of the land during the succeeding season. The nitrogen might
have been and probably was affected in two ways by the addition
of nitrogen in the crops and by inducing increased bacterial
activity. The latter might be favorable or unfavorable to an
increase of nitrogen; the general results indicate that it was un
favorable to an increase of total nitrogen.

In regard to the soluble potassium we observed that both
the clover and alfalfa increased it and that this increase over
the fallow plots persists through the 'succeeding year. This in
crease in soluble potassium has been ascribed to the action of
the excessive carbon dioxid maintained in the soil by the clover
and alfalfa during their growth. Both of these crops maintain
a considerable excess of carbon dioxid in the soil over that pres
ent in the fallow at all times, but this amount reaches its mini
mum in early March from which time on it increases till the
plants are killed by frost.

The residual effects of a crop are often important and we
attempted to ascertain this for our rotation in regard to the car
bon dioxid in fallows after the various erops.
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TABLE 15-Carbon Dioxid in Fallow after Alfalfa. p. p. 10,000, 19 St"pt., 1927.
to 4 October, 1928.

Surfat:t'
"'Vest Alfalfa East Alfalfa under

coYer, \V.
Depth in Inches: 6 18 30 60 84 13:2 18 30 Alfalfa

19 Sept., HI27 .... 129.7 ~13. -1 177.5 195.-1 24:3.5 119.8 188.~1 228.:2 1~.,)

23 Sept. 101.4 155.7 177.S 226.1 280.4 75.2 186.7 214.8
28 Sept. ~14.3 135.~) 153.-1 192.2 281.8 57.8 137.8 187.-l

4 Oct. 82.2 123.5 126.1 200.6 293.0 289.1 53.9 133.2 182.2 (L-1
Oct. 74.8 184.4 137.3 229.0 276.7 222.0 59.2 134.5 156.3 11.5

1 ~) Oct. 71.8 126.4 108.8 181.1 228.3 231.8 46.0 127.6 145.6 8.5
26 Oct. 55.4 105.0 108.1 176.9 257.0 255.7 38.0 117.0 140.0 6.:2

4 XOY. 45.5 85.5 97.0 212.0 217.9 29.7 119.1 ] 27.1
12 Noy. 38.3 6- ') 80.3 146.2 200.8 204.6 31.4 92.0 101.0 5.:2;) .....
21 Xo\,. 26.5 67.1 78.4 130.9 185.6 1~n.7 30.3 85.8 !)(l.(i Frozen

16 Dec. 25.3 66.5 64.5 97.8 141.8 1:36.3 14.4 58.1 76.:3 Frozen
4 Jan. 1928 a __ ._. 25.6 Frozen 61.1 83.8 126.1 134.2 13.9 74. ~) 76.3 Frozen

20 Jan. 32.7 Frozen 57.7 80.9 119.4 1:31.8 17.8 71.:3 7S.!) Frozen
6 Feb. 31.2 Frozen 57.8 77.2 112.8 9!J.9 6.2 66.0 8] .·1 3.1

2,1 Feb. 34.8 Frozen 50.0 77.5 108.4 100.6 12.3 67.:3 73.1

IVlal'ch :28.6 50.1 45.4 ()9.5 103.8 !)8.0 10.S G') .) 7n.7 :3.8.. -.-_ .... .... <.1

26 IVlarch ---.- .. _-. 30.5 44.0 54.8 61.7 102.5 !)5.6 20.0 63.0 G8. ~:I

20 April ..... _ ..... _- .. 38.4 4~J.5 57.2 74.0 114.0 ~16.5 31.5 65.2 73.2 -l.G
l\1ay 27.1 51.1 58.0 6!J.6 104.2 9-L6 32.6 63.6 G8.2 2.3

18 IVlay .. -- ....... - .. -_ ... 49.1 . 54.9 62.2 73.3 102.3 95.2 38.3 86. ~} 7~L6

28 l\IIay 77.1 83.0 85.8 93.4 131.5 r~5.8 62.0 102.3 102.1 :3.8

6 June 88.3 103. ~l 86.9 10:3.8 146.6 78.4 100.0 11:3.6

1:3 June ~17 .7 118.3 91.7 107.4 152.3 12-l.1 75.3 112.6 113.8

2:3 June 7:3.7 122.3 9:3.9 134.:3 179.1 113.7 72.7 124.7 123.8 -L6

2 July 79.9 121.7 111.1 13:3.8 181.1 124.9 68.9 133.~) 13:3.2 3.1

11 July 88.7 1:n.£1 107.4 210.7 lIHI.~} 84.4 136.5 1:31.5

23 July 100.2 161.7 105.9 146.6 228.8 1:30.6 66.5 147.6 156.4 -1.6

,i\.Ug. 85.0 161.8 112.9 157.4 204.6 135.3 67.6 144.1 146.7
]3 Aug-. 87.7 160.'4 127.8 155.7 207.5 147.8 59.8 147.1 ] ;')0.8 2.3
2;) Aug. 82.2 161.3 118.2 154.6 239.2 146.9 43.0 123.2 124.0 4.7

6 Sept. 91.4 135.7 117.2 148.3 241.6 154.2 43.4 ] 18.2 128.3

20 Sept. 58.9 l};j.5 93.1 141.-1 204.0 161.:3 40.1 104.2 1]8.1 3.8

4 Oct. 24.0 f14.2 6G.7 1:30.2 189.7 1!15.9 26.0 82.4 103.2 :3.8
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TABLI~~ 16.-Carbon Dioxic1 in Fallow after Clo\"el', 1 ~l :Sept., 1~1~7, to 4 October.
1rl:28, p. 1). 10,000.

,Vest CloveI' East Clo\-el'
Depth in Inches: 1~ :30 GO 8·! 1:32 6 18 30

Date
1~, Sept., 1927 ....... ,.. 86.5 157.3 180.3 40.4 86. ~\ 1:?7.6
~:3 Sept. .... 64.S 158.6 158.7 ·:1:1.9 85.:3 117.8
:?8 Sept. .. -........ -.......- 57.0 97.8 148.7 30.0 72.0 104.3

Oct. .................. -... -- 71.1 100.6 142.0 23.0 69.6 104.4
Oct. -................ -.- ... 64.7 105.4 122.8 139.0 172.6 31. ~) 68.5 HI1. 8

1~l Oct. ....................... - 63.3 £15.6 1:?6.6 1:~8.:3 140.2 139.1 30.~) G7. ~) 100.2
~6 Oct. -- ............. -.--_ ... - 45.9 91.9 106.5 ] :37.;) 143.6 23.'/ 67.6 ~17.8

-1 Xov. ............... ---- .. 2S.3 75.0 107.7 109.8 116.1 1~~4.;3 16.5 51.8 66.S
1:2 ~ov. 29.8 63.5 ~18.7 107.4 10S.5 132.1 14.1 49.4 62.3
~1 ~ov. 21.0 55.7 77.4 97.8 106.9 12~1.4 1:2.5 47.0 55.3

16 Dec. ......... -............ Frozen 54.0 72.2 7:3.8 79.6 93. ~) 12.5 35.0 3£1.5
4 Jan., 1928 .......... Frozen 44.9 69.1 69.6 63.6 89.1 12.3 :32.2 41.5

~o Jan. _... __ .. _----.----_ .. Frozen 40.8 69.8 63.7 62.8 80.2 11.6 32.5 46.S
6 Feb. Frozen 5:3.3 65.3 6:3.9 66.5 75.G ] 9.9 3'> .') 41.5......... -...... _.---. ~ .. ,)

:24 Feb. ........ ~ ~ ............ Frozen 44.8 60.1 63.1 64.7 63.3 12.4 32.5 50.3

IVlareh ................ 15.3 39.4 47.n 58.1 64. ~l G4.~) 10.2 2~1.5 48.4
~6 lVlarC'h ................ 14.8 40.8 46.0 52. ~) 57.1 70.7 11.4 28.3 42.7
:20 APl'il .................... 22.1 44.n 51.3 G:~.l 60.7 G2.9 13.2 38.G 45.9
5 IVIay ...................... 22.1 39.7 -19.0 58.7 5;').6 63.2 13.8 36.8 39.9

] 8 lVlay .................... 46.7 47.5 ;')9.7 ;34.1 G7. ~) 66.2 12.6 ·n.8 49.4

28 IVlay ....... ~ . ~ ........... :35.5 71.4 76.2 6:? ~) 81.:? ,7.1 :?7.8 48 ..) G') ')

6 June .............. ~ ........ -11.0 58.0 73.7 6;).8 87.:3 ~ll.n ~~5. -1 53.8 69.2
15 June .............. ~ ........ 49.1 G4.7 73.0 67.:? SO.6 81.7 ~36. 7 ;14.9 65.9
23 .Tune ........................ 36.0 77.3 83.8 91.3 '/9.4 8~).'/ 33.~1 GO.~) 71.1

July ................... - 43.8 86.:2 10:3.7 8:~. 9 8:3.9 ~)6.8 :3:3.3 70.4 78.8

11 July ..................... 57.6 84.1 90.5 66.6 77.2 86.0 :31.4 85.1 84.9
~;{ July .................... 56.5 83.5 100 ..} 89.2 8S.5 10n.:2 :25.5 78.6 ~n.5

Aug. .................... 48.4 8~).8 ~)5.2 9:?1 S9.8 101.8 ~,7.1 76.6 86.7
13 Aug. .................... 42.3 80.1 108.3 ~H.8 91.8 105.5 27.7 l=i6.0 97.1
~i) .Aug. ..................... 37.7 79.1 97.1 75.!'! !'I 7 .~) 97. ~) 30.~) 6~l.8 82.3

(i Sept. .................. 33.8 76.6 95.£\ 94.0 ~) 9. ~) ~)9. 8 1~).:2 61.2 78.8
~(I Sept. ................... 24.6 5:3.7 79.5 8:3.1 8:3.1 109. ~) 16. ~) 55.4 69.9

·t Oct. .................... 17.7 51. ~) 68.7 81.1 84. ~) 108.1 In.8 41.5 ;')9.9
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TABLE 17.--Caroon Dioxid in Fallow after Fallo\v, U) Sept.. 1927, tu -1 Oct..
1928, p. p. 10,000.

'Vest Fallow East Fallow
Depth in Inches: 18 30 60 84 132 18 311

Date
19 Sept., 1927 .......... 20.4 43.5 71.2 23.8 34.7 6~.:j

23 Sept. .......................... 11.5 39.8 61.1 14.0 17.S 34.1
28 Sept. ---_ ................... _- 7.5 30.8 58.3 9.2 ] 9.1 :13.6

4 Oct. .... __ .................. - 8.4 20.6 43.5 57.8 58.1 12.3 IG.~ ~~l. 2
9 Oct. ... _-_._- ......... -... _-. 10.7 24.4 43.0 51.6 5:3.1 136.7 9.~ 15.3 ~4.:)

19 Oct. ....... _ ... _---_ .......... 10.0 23.1 42.4 50.0 52.9 132.4 '7.7 I5.S 3:3.3
26 Oct. ...... _........ _.... __ ......... - 11.5 30.8 42.5 48.6 58.5 119.4 11.5 17.6 31.i

4 Nov. 10.0 29.3 4'> .) 45.2 53.1 123.2 10.6 17.3 30.2------- ........ -... -..... .:...V

12 Nov. ---------.- ............ 10.6 25.9 39.1 45.4 51.5 116.6 11.4 15.2 30.4

21 Xov. ............ -............. __ ... 12.9 21.6 38.8 46.0 4~).8 114.7 10.U 16.1 24.6

16 Dec. 9.1 14.4 31.1 19.4 40.5 97.2 7.8 2U.3 1- .).. _- .... _- ............. -_ ....-... j .~

4 Jan., 1928 __ ..._.. __ ._ 7.7 15.5 30.9 29.5 32.1 83.5 8.5 21.G 19.2

20 Jan. ...... --- .............. -.... 5.5 28.5 31.2 36.9 37.6 75.1 7.7 11.6 ~8. 'j'

6 Feb. --_ ................. _-_ .. _---- 6.9 . 30.8 36.9 34.6 34.6 64.0 3.8 1~1.2 ~8.~

24 Feb. ................................... 7.6 21.8 38.5 31.7 38.8 67.7 7.8 21.8 24.9

7 March ........ -........... 9.9 22.4 34.1 29.9 36.2 72.8 12.1 1~) .:) 21.3

26 March "'-----'"'----_."-- 9.1 13.3 30.1 31.8 37.1 63.6 13.7 19.8 24.5

20 April .............. ---_ ....... -- 6.8 18.8 39.1 30.8 34.6 57.3 19.~ 26.8 23.8

5 l\1ay ................ -.--_ .... - 7.5 12.0 31.6 30.7 35.2 58.0 16.9 25.:~ 2:3.0

18 May ............... -.. ---- 9.3 28.0 35.5 32.0 37.3 60.9 12.6 26.7 27.5

28 l\lay ..... _- ................... -- 22.0 26.5 40.7 34.5 42.6 60.9 17.0 27.0 29.5

6 June ... _....... __ ......... -.. 22.1 35.7 42.6 31.3 48.9 63.2 26.4 28.7 30.~

15 June ---_ .. _- ........ __ ........ -- ... 19.1 34.3 40.4 36.7 44.3 75.6 19.1 26.8 37.1

23 June -_ .. -_ ..................... 23.0 38.4 53.1 48.9 55.5 78.0 16.8 :31.3 37.i

2 July --.---- .. -- ...... --_ .. 16.9 39.7 54.2 47.:3 59.6 82.4 11.-1 :32.0 -Hi. 7

11 July .. _-_ ................ -- 18.4 35.3 48.0 49.0 48.2 71.2 15.:3 :HI.7 36. -l

23 July ..... _---- ...... -...... 15.4 36.9 53.9 47.7 49.3 86.2 3.9 38.G iH.4

2 Aug-. .. _- .............. __ ........ 17.1 37.3 45.1 53.6 51.2 88.0 6.2 :36.-1 :39.1

13 Aug-. ...... _-- ........ __ ...... 17.2 40.7 43.8 36.0 53.6 78.9 8.-l 36.0 :::9.8

25 Aug-. 11.6 37.0 40.3 47 .~I 54.0 80.8 7.7 :32.S 3~1. :3

6 Sept. ... __ ............. -.... -. 9.3 32.2 40.6 55.2 53.8 76.8 9.2 :30.7 40. 'j'

20 Sept. 9 .) 26.4 37.4 :30.0 47.6 92.6 6 .) 2·1.f; 37.·1............................ -. ~ ~ .V

4 Oct. .-........ ~ ........... _... --- ~ 10.0 25.4 36.4 34.8 43.0 92.2 4.7 23.:3 :28.3
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TA.BLE 18.-Carbon Dioxid in Fallow elfter Corn, 1~1 Sept., 1£12., to 4 October,
192R. p. p. 10,000.

West Corn East Corn

Depth in Inche~ : 18 30 ]8 30

Date
19 Sept., 1927 ......................................... 51.7 89.6 113.8 22.4 73.2 105.8
23 Sept. ........................ _.... _ ........................ 29.0 91.5 ] 14.3 10.3 62.5 97.5
28 Sept. ........................................................ 22.7 68.3 88.7 13.6 43.9 91.2

4 Oct. .............. -- .......... -........................................ 13.7 51.1 75.8 7.7 36.2 73.1
9 Oct. ......... -... _ .................... -............................... 33.5 64.7 84.5 16.8 41.9 71.6

19 Oct. ........... _- ...... -....................-.. -- ......... -........ 33.8 66.1 84.5 18.4 42.6 69.0
26 Oct. ............ -............. __ ................... -...... _........... 19.2 58.4 80.1 21.2 33.7 62.0

4 Nov. ............................................................ 18.0 45.2 61.7 19.2 26.4 50.3
12 Nov. ...................... -- ........................... 21.3 40.3 54.4 21.3 28.9 49.5
21 Nov. ................ ~ ........... -......-.................- 18.2 39.5 50.5 13.7 15.4 49.3

16 Dec. .... _.............. -............................... 10.2 24.6 40.9 15.5 15.7 40.2
4 ,Jan., 1928 ....................................... 14.8 Frozen :36.5 13.1 21.9 47.0

20 ,Jan. .................................................... 19.5 Frozen 33.4 15.5 19.4 34.1
6 Feb. ................. -............................... 6.9 Frozen 39.1 13.7 19.8 32.8

24 Feb. ................. -............................... 10.6 21.4 34.8 15.4 17.1 36.3

7 March ...........................-........._._ ...... 3.1 21.6 24.5 3.8 25.5 34.2
26 l\1arch ....................................................... 15.2 22.7 24.6 4.5 25.3 38.3
20 April .............................................. 9.2 16.5 26.0 6.9 24.5 39.1

5 May ..... -.......................................................... 18.0 27.0 34.4 9.2 21.5 41.0
18 May ................................................... 23.8 26.5 38.4 24.5 23.0 40.5

28 May ...................................................... 33.7 48.5 46.6 26.4 37.2 48.5
6 ,June ...................._-- ... _............................ - 32.7 47.9 49.4 37.2 41.6 50.6

15 .Tune .......... _..... ---_ ..................................-_ ... - 34.3 53.4 50.7 39.1 44.0 56.3
23 ,June ........ _.................................................. 30.0 62.5 53.7 30.5 44.6 57.2

2 .July ...... _- ......... _.... __ .................................... 26.0 69.7 71.0 34.4 57.2 63.3

11 July ...................................................... 37.6 73.3 61.5 36.8 39.4 58.2
23 ,July ....... ~ ..... O' ................................................. 28.7 60.0 64.2 25.2 47.9 65.7

Aug. .-- ......................................... -._ .......... 11.6 60.6 71.3 23.3 46.5 63.5
13 Aug. .......... " .............................................. 30.7 59.8 69.3 34.5 48.2 72.7
25 Aug. ......................................................... 23.1 53.2 67.7 32.5 68.3 72.0

6 Sept. ......................................................... 23.2 46.2 49.6 23.1 44.6 66.8
~O Sept. ........................................................ 23.2 39.5 48.9 14.7 30.1 46.6

,1 Oct. .............................................. -......... 25.7 40.1 3.9 28.6 i1.0
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The !graphs sin1ply afford another way of presenting the
tables but give a clear and easily understood presentation of the
whole yeitr's observations. I

There are at least two sources for the carbon dioxid; the
grovvillg plants respiring it through their roots and the soil pop
ulatiol1 which may give it off in their own respirations and pro
duce it by' tIle breaking up of carbohydrates in the soil. 1.'he
two processes may go on at the san1e time. Al1 alfalfa root ll1ay
be surrounded by an area "vith a very dense soil population be
cause of favorable conditions prevailing in the vicinity of the
root-especially by a greater abundance of material for then1
to feed on. We have depended upon the amount of c.arbon dioxid
in the fallow land as a measure of the activity of this popula
tion in our soil but the c.onditions ll1ay not be so favorable as in
the cropped land. We have treated it as though the fallow were
wholly comparable to cropped land, perhaps a little more favor
able for the soil population than it would be if it were sustaining
a crop.

I do not think that we have erred greatly in abiding by the
fallow land as our standard. The limits of variation in the
carbon dioxid found in the soil atmosphere throughout the period
of 6 years indicate that it is fairly constant. We thought that
3 years in succession in fallow would appreciably lessen the
amount of carbon dioxid owing to depletion of food material for
this soil population. There may have been great changes that
we know nothing about, but the variation in the amount of
carbon dioxid from year to year did not indicate that they
seriously affected the gross problem with which we ,vere en
gaged. The general range vvas so nearly the same and the
seasonal differences were so alike that we have no hesitancy in
holding the fallow as giving reliable results. These "vere so
inferior in volume to those obtained with grasses and leguDles
that there reTnains no doubt about the sourc.e of the carbon
dioxide If this difference "vere not so great that it practically
leaves no possible doubt, the fact that when we cut the clover
at an early period in its growth the carbol1 dioxid in the soil
fell immediately thereafter to a level only a little above that of
the fallovv vvould furnish proof that the soil population is at
most accountable for only a small part of the carbon dioxid
found. The figures here involved were about 50 p.p. 10,000 for
the fallow and 175 p.p. 10,000 for the clover which fell to 76 p.p.
10,000 or less when the clover was cut. It also fell in land
planted to mixed grasses but not to so low a point. Similar
results vvere observed vvith alfalfa. These crops all produce
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new grovvths and the carbon dioxid is increased in the soil air
at the same time.

GROWTH .l\.FTER IRRIGATION INCREASES CARBON DIOXID

That the carbon dioxid is produced by the gro\ving of the
aerial parts of the plants is further shoV\Tn by the effects of
\vater applied to the plants. The crop on which this "vas ob
served in a n1arked way \vas \vheat. Irrigation ,vas postponed
l~ntil its need \vas evident. The amount of carbon dioxid evolved
shovved that the plants had been feeling the need of ,vater for
rather D10re than 2 vveeks. The air samples V\Tere drayvn every
;3 days so vve could follow the needs of the plants and their
effects upon the amount of carbon dioxid in the soil air; begin
ning on 17 June, 1926, we had the following series 171, 167, 141,
189, 131, 112 and 98 p.p. 10,000 on 6 July. The plots vvere irri
gated on this date and the carbon dioxid increased immediately
to 101, 142 and 147 parts by 16 July. The wheat plants did not
shov\', so far as we could see, any damage but had vve \vithheld
water a few days longer it is doubtful whether they \\Tould have
fully recovered as they apparently did. This \vas the critical
period in the life of these plants. This observation explains the
remarkable effects sometimes observed by our farmers produced
by a delay of 1 day or perhaps even less in irrigating any given
crop.

The falloV\T plots Vlere irrigated at the same tin1e as the
wheat mentioned above and samples of soil air were taken on
the sanle dates but they show no effect similar to that shovvn by
the wheat. The soil-air samples shoV\Ted for the same dates as
given for the wheat 59, 60, 52, 62, 59, and 58, before irrigation;
54, 59 and 57 p. p. 10,000 after irrigation. The effects of
irrigation on the development of carbon dioxid in fallo,,, ground
are the saIne as \-vas observed in a series of experin1ents that
extended throughout one season and part of a second, i. e., that
\vith our seasonal rainfall the soil air in irrigated and unirri
gated fallow land scarcely differs at all. The usual an10unt of
lTIoisture available suffices for their full development in fallovv
ground. Ho,v this Inay be modified by the presence of a crop
is not demonstrated but judging by the observations on the ef
fects of clover these facts are not n1aterially changed.

So far as this feature of the question is concerned, the
source of the carbon rlioxid in the soil air is principally due to
the activity of the aerial portions of the plants. Some plants
nlay die and then they fall a prey to the soil population. This
is a different thing from the living plants and in a young stand,
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such as we had to experiment with, is a wholly negligible source
of carbon dioxid. Even in older stands this death of the plants
and their decay is spread over years and while the aggregate
effect is not negligible, that of anyone season may be.

The statements apply to the conditions of the first two sea
sons of our experiment at the end of which we plovved our crops
under and changed things radically for the third season. It does
not need to be stated that the green, succulent clover and alfalfa
were rapidly destroyed by the soil population. To what extent
this population multiplied we have no means of telling nor do
we know anything of its history, how long it persisted nor how
it compared vvith that of the fallow at any given time. This
was a study belonging in another province of investigation but
vve continued our study of the anlount of carbon dioxid in the
soil air. The observations reduced to normal conditions, O°C.
and 7.60 mm. pressure, are given in the tables and reproduced in
the fornl of graphs. The whole of the crops, tops and roots, was
available for whatever c.hanges it might be subjected to.

The alfalfa root sometimes persists a long tinle in the soil
and for a time at least respires carbon dioxid freely as do also
clover roots, even after they have been treated with mercuric
chlorid solution to sterilize then1. This respired c.arbon dioxid
comes from the breaking dovvn of earbohydrates vvithin the
roots. That which vve obtained \vas probably due to vital changes
going on in the root cells. This would account for a large quan
tity of carbon dioxid if it continued for any considerable tinle.
The amount of the carbon dioxid found in this ground that had
been in alfalfa or clover for 2 years, the crops plovled under, and
cultivated fallovv the third season, greatly strengthens the vievv
that this substance is the key to the benefits accruing to the soil
due to this rotation. The carbon dioxid in this fallow shovvs the
san1e course as when it was in crop.

We shall confine these detailed statements to alfalfa and the
IS-inch lysimeter. It has its minimum in March or April and its
maximum from the end of July till after the middle of Septen1
bel'. The amounts are lower than when the crop was living, 160
against 290 as maxima and 44 against 43 for the 11linima. Fur
ther, the curves are parallel throughout the years but the cropped
is always higher than that for the fallow. If the curves given
in this bulletin be compared, it will be observed that those for the
alfalfa are the highest, those for the clover next and those fol'
the fallow are lowest. They are very uniform and differ but lit
tle from those for the preceding years. These data correlate
vvith the crops and the treatment of the land, showing that they
are respectively the causes of the differences.
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During the first 2 years the plants were living, during the
third year there was nothing except their remains in the soil.
These maintained not the same, but similar differences between
these soils and the fallow following their courses even in their
maxima and minima. Just how this may be brought about is
not evident. One would suppose that the decay of the roots
when once established would go on at an approximately uniform
rate.,

CARBON DIOXID IN FALLOW GROUND VARIES WITH TEMPERATURE

We observed that under our conditions there is a close rela
tion between the temperature and the amount of carbon dioxid
in the soil air in fallow ground, and very little or none between
the moisture and the carbon dioxid. The period of minimum car
bon dioxid in the cropped soil is in March or April and is a con
sequence of the dormant conditions of the plant, supposedly in
t1uericed by the cold of the winter season and just prior to its
period of new growth. The maximu1l1 is in July and August but
there is no such maximum in the fallow after fallo\v and it is
not strongly marked in fallo",T after corn but it is as high relative
to its nlinimum as the alfalfa. In these cases the carbon dioxid
nlust be nlainly produced by the destruction of the plant remains
by lower organisms, though this luay not explain the parallelism
of the curves shown by the gro\ving crops. While the crops are
gro\ving there is eomparatively little dead matter in the soil to
be destroyed and the living processes of the plants produce tl1e
carbon dioxid, but after the crops have been plo\ved under and
the land cultivated fallow there are no ordinary plants to pro
duce it, only dead roots vvhich 111ay furnish S0111e by respiration
and the micro-population to which the dead organic. nlatter falls
a prey.

· For 1 year at least the alfalfa and elover supplied a large
amount of carbon dioxid to the soil air and even the corn 111ain
tained approximately twice as mueh in the soil air as was pres
ent in the fallow after fallow.

A small portion of one set of plots Vlas planted to \vheat in
1928. The results are given in a previous bulletin \vhieh should
be consulted as it presents an entirely different class of facts
from those given in this one. Both classes of results have pre
sented son1e unexpected features but \ve have been content to
accept them just as they have presented then1selves. Measured
by the crop ol5tained, the fallow was more effective than the crop
ping. The yield exceeded that after alfalfa by 18 bushels per
acre and by 12 bushels per acre that after clover. The protein
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content of the grain after alfalfa ,vas 19.13 percent, after clover
17.55, and after fallow 17.26. After corn, which gave the second
highest· yield, 52.5 bushels per acre, the protein vvas 12.69 per
cent.

SUMMARY

'This study vvas undertaken to ascertain, if possible, hoy\'
legumes, alfalfa and red clover in particular, produce the bene
ficial effects observed in a rotation. For this purpose vve have
studied the changes in two series of plots for three seasons. The
crops were plowed under at the end of the second season and the
plots cultivated fallow with irrigation the third season, except
a small portion of one series which was planted to \vheat.

A similar series of observations extending over 3 years had
been made previous to this, making 6 years of observation in all.

The following features of the problem have been presented:
The relation of the crop to the carbon dioxid in the soil,

mostly to depths of 6, 18 and 30 inches but also to other depths
up to 11 feet.

The action of carbon dioxid and water upon felspar, the prin
cipal rea:ctive mineral in our soils, and also upon the soils.

The relation of the crops to the total, also to the nitric nitro
gen in the soil, both while growing and after the crops had been
plowed under. This feature was extended to older plantations
of alfalfa than those established on our experimental plots.

The changes effected in the composition of the soil, especially
in regard to its exchange values.

The effecl of the crops upon the vvater-soluble potassiU1l1 in
the soil in consequence of the carbon dioxid given off.

The effects of the different plots, alfalfa, clover, corn and
fallovv upon a vvheat crop the season after the crops had been
plowed under, in the fall at the end of the second season.

The effects upon the total and nitric nitrogen during the
first season after the crops had been plo\\Ted under and all of the
plots cultivated fallo,v.

The carbon dioxid in the soil air of these plots during this
fallow after cropping to the sanle depths and manner as vvhen
the crops were grovving.

Field and incubation tests to establish the deportment of
these plots tOvvard the nitrogen questions during this third sea
son.
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Determinations of the water-soluble potassium to ascertain
t.he persistency of these changes.

Some incidental remarks on the sanitary condition of the
soil.

Such is the scope of the \vork.

CONCLUSIONS

The conclusions arrived at are as follows:

T'he carbon dioxid in the soil air is derived from two
sources, principally from the alfalfa, clover, corn or wheat that
is growing upon the land, very subordinately frolll the micro
population inhabiting the soil. Under alfalfa, clover and wheat
the carbon dioxid of the soil air may reach from 170 to 290 p. p.
10,000. In our fallow land it nlay under favorable conditions
exeeed 70 p. p. 10,000 but is usually less than 50 parts.

The carbon dioxid under growing crops is dependent upon
the growing of the aerial parts. When these are removed or the
growth impeded, as by drought, the carbon dioxid in the soil air
falls. The carbon dioxid increases again upon the resumption
of growth vvhether this is caused by a second grovvth or by the
application of water to revive the plants. If the drought is too
long continued the plants will not recuperate. The plants lllay be
in great distress, which will be ShOWll by a falling off of the car
bon dioxid, but if this critical point has not been passed and
water is applied, the carbon dioxid inereases promptly \vith the
resumption of growth.

Alfalfa and clover roots after thorough sterilization respire
c.arbon dioxid very freely. They Inay not act in the same ,vay
\vhile attached to the unmutilated plant; they probably do not
or we could scarcely expect the prompt falling of the carbon
dioxid when the tops are relnoved, especially if the plants are
very immature.

When, for instance, a \vheat crop matures, the carbon c1ioxid
does not fall immediately but falls gradually from the time it
c.eases grovving till it reaehes the level of the fallovv ground about
1 lTIonth later. This is a different problen1, one involving the
deeay of the roots.

The action of this carbon dioxid and water upon felspar is
\'2l'Y largely to eliminate potassium. It attacks coarsely ground
fe18par slowly compared with its action when the felspar is finely
ground. One part of felspar treated with 20 parts of water sat
urated \vith carbon dioxid yields potassium equal to 270 p.p.m.
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in 4 days. The potassium dissolved out of felspar equals fro1l1
40 to 50 percent of the total dissolved out of the mineral. This
action is increased and not lessened by the presence of other
salts.

The variations in the an10unt of water-soluble potassiun1 in
the soil are not synchronous \vith the variations of the carbon
dioxid in the soil air.

The water-soluble potassium correlates with the different
crops. Alfalfa maintains the largest amount of carbon dioxid
in the soil air and though it is itself a heavy feeder on potas
sium, the soil under it carries approxin1ately twice as much solu
ble potassium as the fallow land. Clover stands next in order in
this respect. The amount of water-soluble potassium involved
is considerable, its excess over the original soil in two seasons
taken to a depth of 2 feet was equal to a dressing of 1600 pounds
of potassic sulfate.

The carbon dioxid i11 our soils leads to the formation of cal
cic carbonate vvhich forms aggregates, even entering into the
mechanical portion designated clay of which it may form better
than 30 percent. It also forms incrustations on the soil parti
cles which includes some clayey matter. These aggregates and
incrustations play the most important part in retaining the po
tassium, and possibly the phosphoric acid, in a readily available
form for the plants. That this is the case in regard to the po
tassium is made probable by the large amount of potassium that
goes into solution when the soil is treated with dilute acetic acid
in only a slight excess over that necessary to bring the calcic car
bonate into solution which amount has been ascertained by a
previous determination.

When this soil is treated with a 10 percent solution of hydro
chloric acid for a fevv minutes, 3 to 5 minutes, better than 30
percent of the total phosphoric acid goes into solution, and 50
percent in 10 minutes. This was one of the important points
brought out in our study of the changes produced in the deport
nlent of the soil. Even acetic acid dissolves up to 42 p.p.m. Cal
culated on the air-dried soil, an an10unt of phosphoric acid great
ly in excess of the minimum said to suffice for the growth ,of the
plants. Carbonated water takes 30 to 40 p.p.m. into solution anel
holds it even in the presence of large quantities of ealcic ear
bonate.

The ehanges that we found in the soil so far as the soil con1
plex was affected were as follows. There is a complex whose
hydrogen replacement is equal to thirteen units. This complex
remained unchanged throughout the season that we studied it.
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,Ve found it most convenient to remove the simple soil aggreo
gates, consisting very largely of calcic carbonate, with dilu.te
ar.,etic acid which apparently did not disturb this complex and
then treat the residue from the acetic acid extraction with a nor
mal ammonium chlorid solution. This treatment divided the potas
sinD1 into two portions, one soluble in the acetate solution and
the other replaceable by the NR c1 group. This latter portion did
not seem to be affected by the cropping. Only the water-soluble
present in the simple aggregates seemed to be affected, i. e., de
cidedly increased by both the clover and alfalfa. This was the
n10st important feature brought out by our study. The ammon
ium taken up by the soil \vas not affected by the treatment with
ac.etic acid.

The greatest stress at the beginning of our "Vvork \\'as laid
on the effect of these crops on the amount of total nitrogen. Our
observations on the amount of total nitrogen in soils that had
been in alfalfa for 2 years, a con1mon rotation period for alfalfa
'iNith us, had led us to doubt the current opinion and teaching
that the benefits accruing to soils from a rotation of alfalfa \V'ere
clue to inerease of nitrogen. This doubt \vas at the bottom of this
\vhole study. It is here stated as an explanation for the very
large amount of vvork expended upon the subject. The result of
it all is that we do not believe that these erops add any nitrogen
to the soil and the benefits are due to other effects. The most
favorable results that \ve obtained supporting the vie\v that theSe
crops add nitrogen, make the amount added so sn1all that it is
negligible, equal to the applic.ation of 5.5 tons of n1anure carrying
1.5 pereent nitrogen every 2 years per acre or 2.7~5 tons per an
num.

In regard to the nitric. nitrogen \ve found it al\~7ays lo\v in
the alfalfa and clover ground eon1pared \vith fallo\v ground. Ten
parts per million in the very uppermost portion of the soil were
about the maximum; fron1 1 to 3 parts \vere eomlnon. The only
t"vo really high results obtained in a \vhole season's san1pling
,,'ere 33 and 37 p.p.m. for san1ples sc.raped off the surfaee under
the alfalfa plants, and these were mixed ~7ith still undecomposed
plant debris.

Whether the small amount of nitric nitrogen found asso
eiated with alfalfa plants is due to the prohibition of its forn1a
tion or to its exhaustion by the plant may be a question but there
js no question about the fact that it is low from the surface to a
depth of 11 feet. Whatever the facts may be regarding the ex
haustion, ~Te beiieve that the growing plant exerts a prohibitive
influenee upon the proeess of nitrifieation.
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When we plovved under the crops of alfalfa and clover \ve
changed conditions radically. For a short time there was an in
crease in both total and nitric nitorgen but both soon began to
fall off and we suffered an almost continuous loss of total nitro
gen throughout the season. The nitric nitrogen in the eroPDed
land g·ained till it was much like the fallovvs. Then followed a
series of gains and losses from sampling to sampling till they
left the situation in this respect almost identical with that of 1
year previous. There was a loss of total nitrogen which cannot
be accounted for by differences in samplillg. T'hese plots ,vere
all cultivated fallovv with irrigation during the season of 1928:
the sampling extended from 27 October, 1927, till 4 October, 1923.

The impression made by these statements may be that ,ye
intend to intimate, or even hold for proved, that this loss of total
nitrogen and the frequent losses in nitric nitrogen, are to be at
tributed to the effects of the crops. This is not the ease. We do
not believe that this is the explanation. The whole series of plots,
eight in all, show the same course in the nitrogen relations
whether they were previously fallow or occupied by crops. We
do not attempt to present any reason for this deportment but
believe it to be of very great importance in explaining the varia
tions in quality of crops from year to year.

The effects of rock super phosphate, ground rock phosphate,
and gypsum, applied to small plots of this land rather increased
the losses than decreased them.

The following sentences may not properly belong in this
place but they are pertinent to the subject. We have losses
throughout the season whereas we expected gains in both total
and nitric nitrogen. It made no difference whether we had
plowed in heavy crops of alfalfa or clover or whether they had
been fallow. The liberal addition of the amendments named did
not change the course of the changes in the nitrogen. We infer
that the changes were really dependent upon SOlne condition of
which we are ignorant.

The reports reaching me relative to the sugar content of the
beet crop of 1928 are to the effect that it is everywhere excellent;
in the Poudre Valley 1 percent above the average, in the Arkan
sas Valley better than 16 percent against averages as low as 1:3
percent for some former years, in Wyoming the best crops and
highest quality that they ever had. The condition is ~eneraJ.

The suggested question is, may not our loss in total and nitric
nitrogen and the very general high sugar content of this year's
beets be related? It has been proved that the sugar content of
beets is related to the supply of nitric nitrogen in the soil. An
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appropriate quantity is of the highest advantage, too nluch is
very injurious. The anlenclments used in our experin1ents ex
I~ept the gypsum are often used in practice. In our experiments
they iInpeded nitrification. IVlay this be a mode of action through
\vhich they sometimes give good results 'whereas at others they
give none?

The effect of the 2-year rotation on a \vheat crop gro¥ln the
season after the crops were plowed under has been given else
where. The plot that had been fallow gave the best yield, 58.2
bushels and excellent quality, 17.26 percent protein; after corn,
second best yield, 52.5 bushels, quality ordinary, 12.69 percent
protein. That after clover was third in yield, 4

J

6 bushels, qual
ity excellent, 17.5 percent protein; and fourth, alfalfa vvith 40.0
bushels, and 19.13 percent protein.

The \vater-soluble potassiun1 remained about the same for
the first season after the crops were plowed under as \vhen the
crops were growing and the amounts stood in the sanle relative
position, alfalfa first and fallow last.

The carbon dioxid in the soil air during this year \vas snlaller
in amount but stood in the same relative positions as vvhen the
crops occupied the ground and also showed the same seasonal
variation, low in the spring and high in the fall. It is doubtful
\vhether this is the course of simple decay. The greater depths,
to 84 inches, show big an10unts of carbon dioxide
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