Bulletin 193 January, 1914

The Agrcultural Experiment Station

OF THE

Colorado Agricultural College

THE NITRIFYING EFFICIENCY OF CERTAIN
COLORADO SOILS

BY

WALTER G. SACKETT

FUBLISHED BY THE EXPERIMENT STATION
FORT COLLINS, COLORADO
1914



The ngicullural Experimént Station

FORT COLLINS, COLORADO

THE STATE BOARD OF AGRICULTURE. B
HON. ¥ E. BROOKS. . e Culorado  Springs, 1913
HON. J. S, CALKINS. . Westminster, 9105
HON. J. C. BELL. ... Moutrose, 1917
HON. WILLIAM HARRISON......... . . .. Clifton, 17
HON. CHA>. PEARSON. ... Durango, 1919
HON. R. W. CORWIN.. ..... .. ......... P Pueblo, 1919
MRS, J. B. BELFORD ......... ........... B P Denver, 1921
HON. A, A, EDWARDS ... Fort Collins, 1921
GOVERNOR E. M. AMMONS, | . .

. . - Ex-Officio
PRESIDENT CHAS. .\. LORY, |
L. M. TAYLOR, Secretary T, S0 JONES, Treasurer
EXECUTIVE COMMITTEE IN CHARGE
AL AL EDWARDS, Chaivman
J. 5. CALKINS FooM. AMMONS
STATION STAFF
C. P. GILLETTE, M. S., Director. .. ... ... ... I ntutiologist
W. P. HEADDEN, A. M., Ph. Do Chemist
G. H. GLOVER, M. S, D. V. M. ... ... ... J ... .Veterinarian
W. G. SACKETT, B. S ............ e .........Dacteriologist
ALVIN KEYSER, A, M. ... ... . Agronamist
J. O. WILLIAMS, B. 5. A, U. 8 Expert-in-Charge ... ... .o oo .. [Horse Breceding
E. P. SANDSTEN, Ph. D. ... . ... e florticulturist
B. O. LONGYEAR, B. S. ........ .. FN e e Dostanist
G. E. MORTON, M. L., B. S. N\ ... ~oAnimal Husbandey
E. B. HOUSE, B. S. (E. ED, M. S ... [rrigation Enginecring
V. M. CONE, B. S. .................. JR ... .Irrigation Investigations
R. E. TRIMBLE, B. S. ... ... .. . oo \ssistant Irrigation Investigotion
P. K. BLINN, B. 8., Rocky Ford........ . . \lfalfa Investigation
EARL DOUGLASS, M. S. ... ... oo C oo e Assistant Chemist
S. ARTHUR JOHNSON, M. S, ... .. ......... ... Assistant Entomolagist
L. C BRAGG ... . \ssistant in Entomolugy
J. W. ADAMS, B. S, Cheyenne Wells ... ... . ... Agronomy A\ssistant, Dry PFarmisg
ELWOOD D. ROOD, A. B. ... ... ........ ... ... .. Assistant Chemist
W .W. ROBBINS, M. \. .......... .. .. e oo ..., Assistant Dotanist
PAUL S. JONES, B. S. .............. o ... ... \ssistant Trrigation Investigation
RALPH I,. PARSHALL, B. S. ..... ..... .... .. . . .A\ssistant Irrigation Investigation
JAMES D. BELIL, B. S. ... .. ... ......... .......\ssistant Irrigation Investigations
I. F. NEWSON, B. S D. V. & ..., R N Veterinary Pathologist
OFFICERS

CHAS. K. LORY, LL. Diooooooo oo resident
CoP.GILLLTE, M. S oot Direetnr
L. M. TAYLOR ..o Secrctary

MARGARET MURRAY ............... e fxecutive Clok



THE NITRIFYING EFFICIENCY OF CERTAIN
COLORADO SOILS.

By WaLtTrr G. SackirT

INTrRODUCTION

When our bacteriolozical studies of Colorado soils were begun some
fliree years ago, the chxef interest in the investigation cente1ed about
the occurrence and origin of certain “brown spots” in the soil. These
had been observed as early as 1892, and by this time, 1910, they were
becoming so common as to be identified readily by mere mention of
their phvsxcal characters

One not familiar with their appearance might easily mistake the
smaller areas for spots where crude oil had been spilled, especially if
this material had been used for heating purposes in the orchard where
they occurred.  Sometimes the spots are sharp in outline and are limited
to a space of three to five feet in diameter; again, tracts of one to five
acres and more exist, which present an unbroken expanse of dark
brown, wet-appearing waste land. A well defined crust is usually pre-
sent, and while the surface appears wet to the eye, it is not necessarily
so; in fact, we often find it to be hard and dry. Beneath this crust,
which may be one-half an inch in thickness, the soil is frequently mealy
in texture. The same characteristic greasy, brownish- black color exists
along the ditch banks, on the sides of the irrigating furrows and for
miles in more or less broken stretches along the roadesides.

The first complaint of serious damage to agriculture from this
cause was received by Dr. Headden in 1905, who, two years later, began
I's studies of the niter soils of Colorado. The universal grievance of
those who are attempting to cultivate land of this character is that
nothing will grow on the brown areas; it matters mot whether the crop
is sugar-beets, alfalfa, small grains, or {fruit, all suffer alike. In look-
ing over a field of oats or sugar-beets, one cannot fail to be impressed
with the dark green color and rank growth of the plants which border
the barren areas. This would seem to indicate the presence of a zone
where conditions for plant growth are particularly favorable, bevond
which they become almost intolerable. That such is the case has been
demonstrated repeatedly by Dr. Headden. It suggests that where the
growth is vigorous, the soil contains the optimum amount of nitrates
for vegetative development ; and where nothing can live, that the nitrates
are in excess. Apple trees appear to have suffered more than any
other of our fruit trees. In the fruit-growing sections of the state,
these have died by the thousands, and acres of once valuable and profit-
able land are now worthless. Heavy manuring, additional draining, ex-
cessive irrigation and more thorough cultivation, all have been tried
with the hope of ameliorating the pendmo conditions. Little or no
henefit has accrued from these efforts, and up to the present time,
we have observed nothing which seems to indicate a positive recovery,
although, now and then, our attention has been called to cases where the
mtenmty of the attack, as measured by the time required to accomplish
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the destruction of the crop, appears to have been lessened somewhat

A full description of the characteristic appearance and manner ig
which fruit trees and cultivated crops succumb to the trouble, here re-
ferred to, has been given elsewhere (1) and a further elaboration of this
feature 1s unnecessary at this time.

This condition of the soil which has resulted so seriously to the
agricultural and horticultural interests of the state has been shown by
Dr. Headden to be due to the presence of large quantities of nitrates.
To one who is accustomed to think of these salts in thousandths and
ten-thousandths of a per cent., as they occur in the east and south, the
quantities which we find in our niter sections must seem preposterous.
However, one visit to the troubled districts is usually sufficient to con-
vince the most skeptical. Tt is not uncommon to find the nitrates in some
of the brown spots making up from two to six per cent. of the weight of
the air dried soil. From this, it will be seea at a glance that our prob-
lem is not one involving pounds but rather tons of nitrates. For ex-
ample, we have the analysis of the soil from an orchard where the
samples were taken to a depth of one foot; it carried 2.873 per cent. of
nitrates, corresponding to 113,480 pounds or 56.74 tons per acre foot.
This does not represent an isolated brown spot a few feet in diameter
but an area of ten to twelve acres, being a portion of a forty acre tract;
again, in another sample, taken to a depth of five inches, the area in-
volved being about eight acres, sodic nitrate corresponding to 344,000
pounds or 172 tons was found; in the top five inches of another eight
acre tract the equivalent of 189,971 pounds or g5 tons was present. Dr.
Headden has examined sample after sample from the affected districts
and all his analysis tel]l essentially the same story—excessive nitrates.

The difference which we find between the niter content of the
brown spots and that of the adjoining apparently normal soil is rather
striking. A sample of the brown crust from the side of an irrigating
furrow in an apple orchard contained 640 parts per million of nitrate
nitrogen, while two and one-half feet away, the surface four-inches of
normal soil gave 34 parts. The surface half-inch from the top of the
ridge of an irrigating furrow in a deserted oat field including the
brown crust showed 1360 parts per million of nitrate nitrogen, while
six feet from the edge of the mottled brown area, the normal soil con-
tained but 46 parts. To the writer, this seems to suggest rather strongly
the probability that the brown patches are purely local surface-forma-
tions, which are actively engaged in building up nitrates in sifu, espec-
ially since the areas are increasing daily both in number and in size.
Furthermore, we are now in position to present a complete chain of ex-
perimental evidence to show beyond all reasonable doubt that these
niter areas in the incipient stage of their formation, if not in the later
stages as well, contain within themselves all the agents necessary to
bring about their existence.

(1) Bakteriologische Untersuchungen uber die Stickstoffbindurg in gewissen Bodenarter
von Colorado. Cent. f. Bakt.,, II Abt.,, Bd. 34, No. 4-7. S. 81-114, 1912, .

Bacteriological Studies of the Fixation of Nitrogen in Certain Colorado Soils, Bul. 179,
Colorado Experiment Station, 1911.
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There is no need of attempting to trace the origin of these ac-
cumulations to the concentration at the surface of the salts in the
ground waters containing a hypothetical nitrate; moreover, granted
hat a ground water could be found independent of a niter area, which
was rich in nitrates and which underlay the tract in questlon why
<iould we not find the nitrate and the brown color, as well as the
culfates and chlorides, distributed uniformally over the hundreds of
souare miles which are involved in this trouble? This is not the casc.

In this connection, it may be said that Dr. Headden had made a
very careful study of the ground-waters of Colorado previous to the
appearance of the niter troublc and had failed to find more than a
mere trace of nitrates. Since then, he has followed up this phase of
the question, and except where the ground-water flows under a niter
area, from which it unquestionably receives the salt by leaching from
above, he finds the nitrates present only in negligible quantities. In
order to obtain the quantity of nitrates from our ground-waters which
we meet in the brown spots, the evaporation of many acre feet of
water and many years of time would be required. Furthermore, the
chlorides and sulphates which would come from the evaporation of this
immense amount of ground-water would be sufficient to cover the land
with a white deposit many feet deep. Illustrative of the case, Dr.
Headden (1.) gives the following:

“We will not consider any greater depth of soil than is represented
by our samples, 1. e., two inches, but we will calculate how much of
this drain water would be required to furnish the nitrate which we
actually find in these two iuches of soil, and we take this as 2,150
pounds. The samples of soil and drain water were taken in May, 1911.
The drain water contains 0.1 part per million of nitric nitrogen, equiv-
alent to 0.6 parts per million sodic nitrate; taking an acre foot at 2.7
million pounds it gives us 1.62 pounds of nitrates per acre foot of water
and we would have to evaporate 1,327 acre-feet of this drain water to
obtain this 2,750 pounds of nitrates which we find present at this time.
The evaporation of this amount of water would require, assuming that
the annual evaporation amounted to sixty inches (At Fort Collms it is
only 41 ‘nches) two hundred and sixty-five years. This drain water
carries 8,489 parts of total solids per million which, calculated on the
1,327 acre-feet of water necessary to yield the 2,150 pounds of nitrates,
would yield 30,414,840 pounds of salts, a quantity sufficient to cover
the land more than seven feet deep, if we suppose them to have the
same density as the soil itself.”

“The changes in the conditions of these soils have taken place
within the past few, say six, years and these conclusions to which we
are forced, if we suppose that these nitrates have their origin in the
ground-waters, are evidently false. We know that no 1,327 acre-feet
of "vater have wvaporated to dryness on this land in this time an.l it is
evident that our country is not covered nearly eight feet deep with

(1) Fixation of Nitrogen in Some Colorado Soils, Wm. P. Headden, Bul. 178, Colo,
Exp. Sta., p. 28, 43, 1912,
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calcic chlorid and other salts and we are likewise quite as sure that lan(
which up to six years ago was good, and this assumed period is from
three to six times as long as the facts indicate, has not been two hun-
dred and sixty-five years in going to the bad.”

That these spots are the remains of great herds of extinct animals
which perished from some unknown cause is highly improbable:
First, because the areas involved are too great; second, as mentioned
before, the present spots are increasing in size; and, third, spots are
appearing today in localities where the trouble has never been reported
before.

For the same reasons, there is no ground for believing that these
areas are niter beds related to any established geological horizon.

Having failed to find a satisfactory explanation for these brows
areas in any of the foregoing hypotheses, we ventured the assumption
that the nitrates were and are being formed in siti and proceeded with
the hypothesis that they owe their origin to the activity of microorgan-
1sms.

To assume that ammonifying and nitrifying bacteria alone were
responsible for the formation of the nitrates was to assume the ex-
istence of large ‘quantities of organic matter in the soil, which, as a
matter of fact, is quite deficient. This condition obtaining, we were
obliged to begin our investigation one step farther back and to find some
adequate supply of organic nitrogen which could furnish protein for
the ammonifying organisms.

Fixarion of NITROGEN

In Bulletin 179, we have shown that our niter soils are abundantl
stocked with Aszotobacter chroococcum by virtue of which they are
able to build up large quantities of proteid nitrogen from atmospheric
nitrogen. Not only have we demonstrated the almost universal oc-
currence of the mitrogen fixing organisms, but we have also been able
to obtain a positive increase in the total nitrogen content of the soil
itself by merely keeping the soil moistened and holding it at 28 degrees
C. Without any inoculation other than that which the soil already
contained and without the addition of any carbohydrate to supply
energy, we were able to secure in thirty days an increase in the total
nitrogen of I1.12 per cent. with one sample and 9.83 per cent. with
another.

So far as a supply of carbon in the soil with which to furnish Azo-
tobacter with the necessary energy for nitrogen fixation is concerned,
I may say that Professor Robbins (1) has reported to date the occur-
rence of some twenty-four species of algae. All but two of these helong
to the blue-green algae (Cyanophyceae), the family Nostocaceae being
best represented.

Brown Coror

The brown color of the niter soils has been discussed quite fully in

(1) Algae in Some Colorado Soils, W. W. Robb'ns, Bul. 184, Part II, Colo, Exp. Stz,
1912.
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Bulletin 179 so that mere reference to it will suffice at this time. In the
light of our experiments, we have little hesitancy in saying that this
is due in a large measure to the pigment of Azotobacter chroococcum.
Even the colorless varieties in the presence of .05 per cent. of sodium
nitrate produce a dark chocolate brown pigment. This experiment has
been carried out repeatedly on the ordinary solid media, ground quartz,
sand and an assortment of soils. Given a source of energy, the nitrate
appears to be the limiting factor in the formation of the brown color
by the nitrogen fixing organisms.

AMMONIFICATION

In Part I of Bulletin 184, we have taken up a study of the am-
monifying efficiency of this same class of soils, and we have been able
to show that so far as the presence of an active, ammonifying microbial
flora, as well as suitable medium for their development for convert-
ing the protein of the azotobacter cells into ammonia, our
soils are all that could be desired. The results of our experiments,
based upon the change of the protein of alfalfa-meal, cotton-seed-meal,
flaxseed-meal, and dried blood into ammonia led us to believe that
this is a property common to many cultivated Colorado soils; that soils
in the incipient stage of niter trouble surpass our normal soils in
ammonifying efficiency; also that compared with the soils from other
localities our niter soils excel in this function to a very marked degree.
The maximum per cent. of ammonia produced in seven days by any
soil from 100 m. g. of nitrogen as cotton-seed-meal was 51.g8 per cent.;
as dried blood 5§2.64 per cent.; as alfalfa-meal 34.85 per cent.; as flax-
seed-meal 12.15 per cent.

NITRIFICATION

Having shown that the niter soils could transform atmospheric nitro-
gen into ammonia salts by the two processes just outlined, we had yet to
demonstrate their ability to change the ammonia compounds into ni-
trates before we could assert definitely that the atmosphere is in all
probability contributing the nitrogen for the excessive nitrates. In the
pages which follow, will be found a detailed discussion of our studies
upon the nitrifying efficiency of these soils,—nitrification being the
third and final step in the transformation of the atmospheric nitrogen
nto nitrates. 1 use the term nitrifving efficiency, rather than nitrify-
ing power, in the sense in which it has been emploved bv Stevens and
Withers (1) to denote not only the presence of the nitrifving organ-
isms in the soil which are capable of exercising their specific function
under favorable conditions (nitrifying power) but also the suitability of
the so0il as a medium in which the process of nitrification mav pro-
ceed advantageously (nitrifving capacity). '

So1r, SAMPLES
We have not confined the investigation to Colorado soils alone.

. (1) Studies in Soil Bacteriology III. Concerning methods for the determination of
nitrifying and ammonifying powers, Stevens, F. L. and Withers, W. A., Cent. {. Bakt., Abt.
11, Bd. 25, No. 14, p. 64, 1909.
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but have extended it to include samples from widely separated and dis-
tant localities in the United States. These have been designated as
“foreign” merely to distinguish them from the local collection. With
but two or three exceptions, as hereinafter noted, they have been gatl-
ered from cultivated land and represent cotton, tobacco, melon and
orchard soils of the South, genera] farming and sugar-beet land of the
East, Central and Middle West, the citrus and viniferous districts of
the Southern Pacific Coast, and the orchard section of the Northwest

Their distribution was as follows: Two samples from Georgia,
three from North Carolina, one from Virginia, one from Ohio, one
from Arkansas, one from Kansas, two from Oklahoma, one from
Texas, nine from California, and one from Washington.

The samples from our own state have been taken from different
localities over a continuous area of approximately six hundred square
miles. Much of this is still good farm and orchard land but no small
portion has been rendered worthless during the past five years by ex-
cessive nitrates. The soils which we have selected are fair representa-
tives of orchard land, sugar beet, oat and alfalfa fields, barren wastes
and raw land in the afflicted district. A few samples from apparently
normal localities have been introduced for comparison.

METHODS

Nitrifiable Substances Employed:

Ammoniacal nitrogen for our experirents was supplied to the
soils in three forms: Ammonium sulphate, ammonium carbonate and
ammonium chlorid. An additional series was prepared with dried
blood in order to determine whether the ammoniacal nitrogen made
from proteid nitrogen by the ammonifying bacteria would respond to the
nitrifving agents to a greater or less degree than the above mentioned
compounds of ammonium. The ammonium sulphate, ammonium chlo-
rid and ammonium carbonate were added to the soils in the form of
solutions so prepared that 10 c. cm. of each solution contained its re-

spective salt in quantity sufficient to furnish 100 m. g. of nitrogen.

Collection of Samples—With respect to the collection of the for-
eign samples, it was practically impossible either to expect or to secure
any uniformity since the majority of the samples were taken by persons
wholly unfamiliar with the technique of sampling, to say nothing of
bacteriological precautions. To have imposed upon them the burden of
sterilizing spatulas and containers would have meant not getting the
soils; consequently, the only instructions which accompanied the re-
quests were that the samples be taken to a depth of four inches and
that about as much soil be sent as would go into an ordinary sized
cigar box. The majority of collectors lined the boxes with paper he-
fore putting in the soil, but some failed to do even this. Qccasionally,
a sample came to the laboratory in a heavy, paper sugar sack, and one
was received in a cloth bag. ’

For the benefit of any who may take exception to the results of
our comparative studies on the ground that the foreign series
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was not collected according to the usual methods employed by soil
pacteriologists, I may say that no one recognizes the value of using
standard methods, wherever p0551ble more than we do, and we have
the greatest respect for the investigator who holds firmly to this position.
However, for our purpose, I believe that our soils were just as nearly
representative of their respective localities as if they had been taken
by an experienced person under aseptic conditions.

Tn Colorado where we could give our personal supervision to col-
lecting the samples, we have exercised every precaution to prevent
exterior contamination. All of the surface litter was removed before.
opening up the ground. Except where otherwise stated in the de-
scriptions which fo]low the samples were taken to a depth of six
inches, 1. e., they mcluded the surface six inches; the soil was re-
moved with sterilized spatulas and placed immediately in doube.
sterilized, paper sugar sacks; each sample contained approximately
five pounds of the moist soil. All of the samples were shipped
by express, as soon after collection as possible. to the bacteriological
laboratory of the Experiment Station at Fort Collins in order to
minimize the time in transit, during which, if unduly prolonged,
the soil flora might undergo changes. This statement is deemed
necessary since many of the samples were taken more than five
hundred miles from Fort Collins. As a result of our nitrogen
fixing and ammonifying studies, we have made it a point in col-
lecting samples where the brown color is present, to avoid getting
this portion of the soil since experience has taught us that the nitrates
ate apt to be so high that they interfere with the normal develop-
ment of the microorganisms present.

Preparation of Samples—From this point, both the Colorado
and the foreign soils were handled alike. As soon as thev reached
the laboratory, each was emptied on a sheet of heavy, sterilized manilla
paper and thoroughly mixed. It was next divided into two unequal
portions, the larger being spread out in the air to dryv in diffused light,
while the smaller was transferred in its original moist coadition to a
sterilized Mason fruit jar and sealed. As soon as air dry, which seldom
requires more than twenty-four hours in our atmosphere, each soil
was again mixed and pulverized in a glass mortar. Both ths mortar
and pestle were sterilized carefully between each two different sam-
ples with a 5 per cent. solution of lysol. They were subsequently rinsed
with hot, boiled water and allowed to dry before the next sample was
treated. The soils were next passed through a thirty mesh wire sicve

which was washed between the different eamples and sterilized hy dry
heat.

As containers for the prepared soil, we have used the same style
of deep culture dish as in our previous experiments. These are similar

n shape to the ordinary Petri dish except that they are deeper, meas-
uring 10 c¢m. in diameter and 4 cm. in depth.

100 grams of soil, prepared as described above, were used for each
dish. The ammonium sulphate, ammonium chlorid and ammonium car-
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bonate were mixed with this by adding the respective solutions drop
by drop to a portion of the 100 grams, and then more of the soil was
added and more solution, and so on until 10 ¢. cm. of solution corre.
sponding to 100 m. g. of nitrogen had been used with the whole sample,
For the organic nitrogen, dried blood (1) corresponding to 100
m. g. total nitrogen was added to like portions of soil and was thorough-
ly incorporated by stirring the mixture for five minutes with a sterile
glass rod. Five cultures were prepared from each of the Colorado sils.
Three received the ammonia salts, one the dried blood, and one to which
no form of nitrogen was added, was kept as a control. The ammonium
chlorid series was omitted from the foreign soils.

Inoculation of Soils—FEach culture mixture was inoculated with
10 ¢. cm. of soil infusion prepared from fresh soil of the same sourc:
as that already in the dish and corresponded to § grams of the undried
material. These infusions were made by shaking 100 g. of undried soil
with 200 c. cm .of sterile distilled water for five minutes. They were
allowed to stand thirty minutes for the coarser particles to settle after
which 10 ¢. cm. of the turbid suspension were drawn off with a sterile
pipette and distributed uniformly over the surface of the soil in the
culture dish. In order that the dried blood and control series micht
have the same moisture content as the other three, sufficient sterile
distilled water was added to make the moisture approximately 22 per
cent. Additional water was used for the dried blood at the rate of 1.5¢
cm. for-each gram of material.

The weight of each culture was determined at the beginning of
the experiment and the loss of water by evaporation was restored every
ten days with sterile, distilled water,

Incubation of Samples—All of the cultures were kept in the incu-
bator at a temperature of 28-30 degrees C. throughout the experi
mental period of six weeks. At the end of this time quantitative de-
terminations were made for nitrites and nitrates.

Chemical Methods—10 grams of each sample, air dried and pulver-
ized, were used in the chemical determinations. This was extracted
with hot water and washed free from chlorides and nitrates on a
Buchner funnel containing asbestos. The resulting extracts were ren-
dered colorless by means of carbon black. That portion of the extract
which was used for the determination of nitrites and nitrates was freed
from chlorides by the use of silver sulphate. The loss of nitrous and
nitric acid during the evaporation and concentration of the extracts
on the water bath was prevented by the addition of milk of lime m
excess.

'The nitrates were determined by the phenoldisulfonic acid method;
the mitrites by Ilsovay’s modification of Griess’s test (sulfanilic acid
and naphthylamine acetate) ; the chlorids, volumetrically, by titration
with silver nitrate.

(1) The dried blood contained 13.0503 per cent. total nitrogen.
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DESCRIPTION OF THE SOILS
COLORADO SOILS

Sample No. 75—The first soil that we shall consider was collected
at Fort Collins April 29, 1913. The land had been in barley the pre-
ceding year and in sugar-beets the year before that. It is what would
te considered a normal clay soil for this section of the state; level,
well drained, and free from any trace of white alkali and brown discol-
oration. In 1013, it produced an average of 45 bu. of wheat to the
acre and in IQTT, 24 tons of sugar-beets per acre. This sample was
composed of twenty sub-samples taken to a depth of six inches over an
area of one-half acre. The nitric nitrogen amounted to 7 p. p. m. and
the chlorin to 500 p. p. m.

Sample No. 76.—For the next sample, we went to an altitude of
almost gooo feet to a truck patch nestled in a gulch on the outskirts
of a mining town. This is the only tract of its kind which Nature has
allowed in the vicinity and which, I should judge, has an area of less
than twenty acres. It is more than 3000 feet above and 36 miles from
any known niter area, and, so far as could be learned, it is perfectly
normal. However, it has an an added interest from the fact that pre-
vious to its present ownership it was held as a placer gold claim. The
soil is a deep river-bottom silt loam and has been maintained in a very
productive condition in recent years by the heavy application of stable
manure. In 1911, the owner harvested 240 sacks (over 450 bushels) of
potatces to the acre. All kinds of vegetables and small fruits, especially
strawberries, are grown here very successfully. At the time this sam-
ple was collected, May 11, 1913, nothing had been planted, and the
ground was covered with a very liberal dressing of manure. This
was removed as far as possible before taking the sample, but the heavy
smows of the preceding winter and spring must have caused some
leaching. Just how much this had affected the nitrates of the surface-
layers, we have no means of knowing, but it undoubtedly contributed
something. The nitric nitrogen amounted to 54 p. p. m. and the chlorin
to 400 p. p. m.

Sample No. 77.—This soil came from a tract that we have had un-
der observation since 1908, At that time it was planted to oats, but
the stand was very spotted. Throughout the field barren patches were
developing, brown in color and mealy in texture. Alfalfa growing
had been abandoned in previous years because it was believed that the
water table was getting so close to the surface that this crop could
not succeed. In the light of our present knowledge, it is possible that
it was the excessive nitrates rather than too much water that was in-
Juring the alfalfa. In 1909 sugar-beets were planted, but with no
better results. The brown areas kept increasing in number and size
until there were patches of half am acre in extent where nothing
would grow. That fall it was planted to winter wheat, but before the
harves‘t of 1910, the whole twenty-five acres had died. T visited the
Place in 1911 and found that Russian thistles and salt bush had taken
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possession of practically the entire area, Evidently the mitrates had
been reduced by the heavy rains of the preceding winter and spring to 3
point of tolerance for these weeds since in other years nothing of thi
kind had occurred. I do not know what crop, if any, occupied the
land in 1912, but when the present sample was collected in May, 1913,
it had been sown to oats. The stand was exceedingly thin and the
bulk of the growth was confined to the narrow zone adjacant to the
irrigating furrows. Between these, the plants were very scattering,
There was considerable white alkali in evidence, and the sides of
the irrigating furrows bore a slight crust beneath which the soil was
mealy. There were no well defined brown or chocolate colored areas
as in previous years, but the whole field presented a marked brown-
ish aspect. The soil is a clay loam and contained nitric nitrogen at the
rate of 26 p. p. m. and chlorin 4,500 p. p. m.

Sample No. 78§ —While our chief interest in this investigation at-
tached itself to cultivated soils, we have selected, nevertheless, one
sample from the side of an adobe hill where the soil was just being
formed from the weathering shales. This was raw land, of course,
if it could be styled land at all, and there was no evidence that any-
thing had ever grown upon it. The overlying mesa was in cultivation,
and judging from the water erosion of the hillside, it had received some
of the leachings from above during heavy rains. Such formatioas as
this, by gradual weathering, are contributing quite extensively to
the formation of our heavy adobe clay soils and it was of considerable
interest to learn whether the ancestors of these soils were as active
biologically as their cultivated offspring. There was no white alkali
visible on the surface and no seep from the side of the hill at the time
the sample was taken, May 13, 1913. The nitric nitrogen was higher
than I should have expected had it not been for the wash {rom above; it
amounted to 140 p. p. m. and the chlorin to 700 p. p. m.

Sample No. 790—The next sample came from a well drained
orchard where there was never any white alkali to be seen, but where
the niter trouble has been manifesting itself to a greater or less degice
for the past four years. When it first made its appearance it was com-
fined to a few rows of trees on the west side of the orchard; today,
it extends up and down both sides of the main highway for several
miles, easily recognized by the dark brown, greasy appearance of the
soil. That section of the orchard from which this sample was taken
is a red clay loam, and owing to this color it has always been difficult
to discern any decided brown discoloration, although in another part
where the formation is different, the brown color is strongly developed.

In 19710, the burning was very moderate and there seemed little
reason for anticipating any grave danger from this cause. A few
trees had died, but most of those affected appeared to be dying slowly
rather than to be going in one season as is often the case. The next
year, the number involved was considerably greater and the burning
continued to be relatively mild, but by 1913, although the disaster had
been moving slowly, it had been accomplishing its work just as surely,
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and nearly every third tree in the twenty acres had been killed and
removed. When I visited here in May, 1913, young apple trees had
been set out where the old trees were missing. 1 have not been back
cince to see if they survived the summer, but I should be surprised
it they did. Red clover had been sown between the trees as a shade
crop, but the stand was very scattering.

My sample was collected about two feet from a hole where a dead
tree, presumably killed by niter, had been taken out. When the nitric
nitrogen was determined, I was very much surprised to find that it
contained but § p. p. m. with 1000 p. p. m. of chlorin. That the ni-
trates jn this soil had been considerably above normal in 1910, there
is no question, for at that time Dr. Headden found in the surface-three
inches 4.902 per cent. of water soluble salts to be nitrates, the water
soluble amounting to 2.9z per cent. of the air-dried soil. I am at a
loss to explain the low figure that I obtained unless it is that I was mis-
led by the hole where the tree was missing into thinking that it was a
niter tree when, in reality, it had died from another cause, or else,
I just happened to take the sample from a spot where the excessive
nitrates had not yet developed. As mentioned before, there was no
brown color apparent on this red soil, to guide one either in picking
out or in avoiding the bad places.

Sainple No. §o.—In our study of this question we are continually
meeting land-owners who believe that the difficulty can be remedied
by proper drainage. The present case is only one of several that
could be cited to show that little relief follows the installation of a
drainage system. It is difficult to see how it could be otherwise, since
the accumulation of nitrates does not appear to be a question of drain-
age; again, it has been found to be practically impossible to drain the
heavier niter soils because of their sticky, gumbo character; and
furthermore, in the majority of instances, draining is not indicated and
is unnecessary. IHowever, in the case at hand, the owner employed an
experienced engineer to put in the necessary amount of tile at the
proper depth and with the correct fall and distribution.

A part of the orchard was manifestly seeped as indicated by the
white alkali on the surface, and this condition was remedied con-
siderably by the drain, but so far as checking the progress of the niter
destruction, nothing had been accomplished.

When I collected my sample, on the thirteenth of May, 1913,
about one-third of the trees were dead and the barren spots had been
reset with young stock. The soil is a clay loam and where the sample
was taken the surface was very fine and mealy. Because of this condi-
tion, the surface-inch was removed and the second to fifth inch used.
The nitric nitrogen present amounted to 13 p. p. m. and the chlorin
t0 10,400 p. p. m. As in the preceding orchard, we have observed
here also in previous years that the burning was moderate and that
the trees were succumbing slowly. This was probably due to the fact
tha't.the nitrates were accumulating more gradually than in other lo-
calities where damage had been more acute.

Sample No. 81—This soil came from a field which had been
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m cultivation at one time, but which has been abandoned for the past
two years, at least, for some unknown reason. The tract is situated
well above the surrounding country on an imposing mesa, but in spite
of its favorable location and elevation, it is a matter of common observa-
tion that much of the land is too wet for successful farming without a
great deal of draining. Why this condition should exist where every
advantage appears to be offered for natural drainage has been some
what of a quandary. During recent years, very extensive ditches
and drains have been put through this section and incidentally we ob-
served while the trenches were still open that the underlying shales
present at their upper limit a series of basins, filled with coarse gravel.
which appear to retain the irrigating waters and in this way interfere
with natural drainage.

The field in question was barren for the most part, although
clumps of Russian thistles occurred here and there. The ground was
wet in places from an over-flowing ditch and there was a very decided
development of large brown areas. FEverything indicated that these
were niter spots. Accordingly, I took a composite sample of the
brown surface-inch from a number of dark brown patches on the
ridge of what looked to be an old sugar-beet row.

The soil is a clay and the surface color varied from a yellowish
brown to chocolate. A determination of the nitric nitrogen showed it
to contain 1360 p. p. m. with 32,400 p. p. m. of chlorin.

Sample No. 82.—This sample was taken exactly six feet from the
brown area described in No. 81 and consisted of the second to fifth
inches. The soil was very dry and rather mealy on the surface, but
there was no indication whatever of any brown color. Russian thistles
had grown on this particular spot luxuriantly and had to be removed
before securing the sample. This soil, from just beyond the limits of the
brown areas, together with No. 81 from the brown crust gave me an
excellent opportunity to compare the microbic activities under two such
different soil conditions where the two samples occurred less than seve
feet from one another. The soil contained 46 p. p. m. of nitric nitrogen
as compared with 1,360 in the brown crust. The chlorin present
amounted to 9.800 p. p. m.

Sample No. 83—This soil came from an orchard in prime bearing
condition where seven trees had been killed by niter in 1911. These
trees were all in one row, although not adjacent. They were cut down
in the fall of 1911 and when I visited the orchard in September, 1912,
the water sprouts from these stumps showed very severe nitre burning.
My sample was taken between two of the stumps and consisted of the
surface-three inches. The soil is a very heavy clay. No new cases of
burning had been observed in the orchard that summer and there was
no indication of the trouble spreading to adjacent rows. Seven of the
trees in another row bore rather scant foliage and small fruit but this
condition might have been due to a variety of causes. This soil contain-
ed 6 p. p. m. of nitric nitrogen and §8 p. p. m. of chlorin. I should con-
sider this orchard in the incipient stage of the trouble.
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Sample No. 84.—Another bearing orchard, probably fifteen to
eighteen years old, in the same neighborhood as No. 83 gave us the next
sample. The soil here is a heavy clay. When I visited the ranch in
September, 1912, fifteen trees, all within a circular area in one corner ot
the orchard, were burning very badly. The foliage was practically all
brown but the apples showed no signs of any injury and unless some
very rapid change for the worse took place, they gave promise of ma-
turing. In a remote corner of the orchard, three more trees were found
to be buring. The soil between the trees showed no brown spots as
vet, but the sides of the main ditch were brown four or five feet up
from the water. My sample was taken near a burning tree and comn-
tained only a trace of nitric nitrogen and 128 p. p. m. of chlorin. Here
also this orchard is to be looked upon as being in the incipient stage of
the trouble.

Sample No. 85—We have here another old orchard where the
burning from excessive nitrates has been present to our knowledge for
four years. 1In 1910, the attack was very acute and about two and one-
half acres of bearing trees were destroyed. Strangely enough, since
then the onslaught has abated, and while a large number of the trees
show the typical burning of the foliage, but few more have died. A con-
siderable number are making practically no growth and are struggling
along stunted and half leaved out. The soil is a clay loam and shortly
after it is irrigated, the brown color can be seen very readily, developing
along the irrigating furrows. The sample was taken in September,
1912, near an affected tree and contained 6 p. p. m. of nitric nitrogen
and 1000 p. p. m. of chlorin. The soil was very dry and hard at that
time and no brown color was in evidence near where the sample was
collected, although it had been seen in great abundance on other occa-
sions.

Sample No. 86.—Sample No. 86 is a sandy loam and came from
the mealy ridge of an irrigating furrow in an orchard where high ni-
trates have made their appearance within the past three years. Whilc
collecting samples in this vicinity in former years, I had passed by this
place many times but never until 1911 had I observed anything unusual
about either the trees or the soil. The area of the orchard is about four
acres, and in Ocober, 1911, every tree on the two acres was seriously
affected, in fact, they were as good as dead. When I saw the place
again in September, 1912, all of these trees had been grubbed out, and
the two acres had been planted to oats and alfalfa. It goes without say-
'ng that the experiment had been disappointing. At least three-fifths
of the trees on the remaining two acres were burning. A well defined
crust had formed on a portion of the ground, and this was dark choco-
late brown to black in color, all the darker because of its moist condition
due to the presence of quantities of deliquescent magnesium nitrate.
Sﬁnp}e contained 130 p. p. m. of nitric nitrogen and 6400 p. p. m. of
Chlorin,

. Sample 87 —This soil came from an orchard which was among the
first to be called to our attention because of the heavy losses from high
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nitrates. ‘The area of the original tract was forty acres and previous
to 1911, from seven to eight acres had died and the trees had beey
taken out. In 1911, this part was sown to oats, but the stand was very
unsatisfactory. The mealy ridges of the irrigating furrows were barren,
and what little growth occurred took place in the bottom of the furrows
where the water appeared to have reduced the nitrates to a point of par-
tial tolerance. Nothing was planted here the next year. The burning
was general over the remainder of the orchard in 1912, but the attack
seemed to have been cencentrated upon two rows of trees next to the
outside row on the east side. Practically every one of these was so badly
burned that no green color was left to the foliage and the apples in Sep-
tember were not more than two-thirds grown and badly shriveled. Judg-
ing from the hardness of the ground and the aspect of the orchard asa
whole, it had been neither irrigated nor cultivated that season and was
suffering from general neglect. My sample consisted of the surface-
four inches taken between two burning trees. The soil is a clay loam
and was very hard and dry. There was no brown color visible, due,
presumably, to the fact that the ground was too dry for the development
of the Azotobacter pigment. It contained 6 p. p. m. of nitric nitrogen
and 202 p. p. m. of chlorin.

Sample No. 88 —Of all the soils which we have had under observa-
tion, none has offered a better opportunity for watching the develop-
ment and lateral movement of the high nitrates than this one. The
wiiter’s acquaintance with the area dates from 1909 when all that was
left of a twenty acre orchard was parts of six rows of trees on one
side next to a ditch. The whole tract involved is forty acres, twenty of
which was in alfalfa prior to 1907 and the balance in bearing apple
trees. In 1907, barren spots began to appear in the alfalfa and brown
patches to develop in the orchard. Soon the trees began to show the
burned leaf margins which we have come to associate positively with
excessive nitre, and a large number died. Here, as is so often the case,
a few trees in the interior of the orchard succumbed first, and from
these as a focal center, the destruction spread rapidly in all directions.
The attack was so severe and the progress so rapid that by the spring
of 1909, all of the alfalfa had been killed and at least fifty per cent. of
the trees. During 1609, the remainder of the trees died except parts of
six rows. During 1910, the three inside rows of these were killed. In
1911, the two inside rows of the remaining three travelled the road of
their fellows, and the lone outside row bade fair to follow, for several
of its members were burning. When I next visited the place to take
the present sample in the fall of 1912, not one tree was standing. All
had died save three, which the owner had taken pity on and cut down
These three were still green; the foliage was not burned, but the leaves
were small and scattering. I first saw the orchard in 1909, and at that
time the whole central portion from which the trees had been removed
was as brown as could be: in fact, almost black. This color did not
extend into the six rows which were still alive beyond the very inside
row. The next year it moved in four rows, but beyond this, the color
and physical condition of the soil were normal to all appearances. By
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1912, when the last trees died, the brown color covered the entire area,
spreading, in more or less broken stretches, over the ground occupied
by the very outside tree-row. The soil in the beginning was a rather
leavy clay loam; now it is quite mealy and ashy in character.

I do not know where we could find a better illustration of the
fyrraation and spread of nitrates from a central point than is given in
this case by the regular succession in which row after row of trees
went down before the approaching niter wave.

One rather interesting thing that occurred in connection with this
soil was the very luxuriant growth of salt bush which took place in the
summer of 1911, With the exception of a few barren spots, here and
there, where the nitrates were evidently too concentrated, the whole
{orty acres were covered with this weed, waist high. During the pre-
ceding three years, nothing had grown there, but the winter and spring
of 1911-1912, were very wet for this locality and it is possible that the
sitrates were washed out sufficiently to allow the Atriplex to become
established.  'While there were some weeds here in 1912, the vigor of
the growth and the area covered were nothing compared with that of
the preceding year. The tract was entirely barren in 1913.

My sample was taken between the two living trees that had just
been cut, where the soil was beginning to get rather mealy. It con-
sisted of the surface-three inches and contained 70 p. p. m. of nitric
nitrogen and 8300 p. p. m. of chlorin.

Sample No. 8¢ —-The sample was collected from an orchard where
the trees have been dying since 1go8. The owner believed that the cause
of the trouble was starvation so-he gave the soil a heavy dressing of
stable manure, thereby, in all probability, aggravating the attack. At
any rate, no benefit whatsoever resulted, and year after year more and
more trees have succumbed until about three and one-half acres died
and were grubbed out. One year the land was planted to spring wheat
where the trees were removed, but practically none of it ever came
through the ground. When I last saw the place in the fall of 1912, the
burning had extended north and west into the good part of the orchard
five more rows, but there was almost none to be found in the remain-
ing five or six acres. The ground appeared to have been heavily ma-
nured quite recently. The soil was a coffee-brown color where the
irees had been taken out, and no attempt was being made to use the
land. Tt was mot wet and there was no water in a test well at a depth
of 6 feet, although spots of white alkali were showing up here and there.
The soil is a sandy loam, not particularly mealy. The brown color had
not yet developed, at least it was not visible at that time, where the
trees were then burning and where I took my sample. Nitric nitrogen
dmounting to 180 p. p. m. and chlorin to 1600 p. p. m. were found.

Sample No. 9o—We have next the case of a ninety acre apple
orchard where the trees commenced dying from too much nitrate in
1908. At this time the brown stain was most conspicuous on the sides
of the irrigating furrows, but more recently it has spread over the en-
tire surface in some parts of the orchard. During 1910-1911 the vio-
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lence of the attack centered in one corner and resulted in the death
of every tree on two and one-half acres save a few in the outside fence-
row along an irrigating ditch. This meant the loss of approximately
two hundred and fifty bearing trees. During the last two seasons, the
trouble has become generally distributed over the south half, but it ap-
pears to be very much less active than in the preceding years, The
trees exhibit some burning, and the leaves and fruit are undersized,
with a suggestion of premature ripening, but the death rate does no:
begin to be as high as in 1910-1911. My sample consisted of the sur-
face four inches of sandy loam taken between two burning trees on
the edge of the two and one-half acres where everything had died. No
brown color was in evidence, although the soil was moist. The nitric
nitrogen present amounted to 13 p. p. m. and the chlorin to 140 p. p. n.

Sample No. 91—During the summer of 1910, while looking over
a large orchard for indications of niter, I came upon three trees near
to one another whose leaves were considerably burned. The inference
was that the same causal factors were operative here as elsewhere,
although no nitrate determinations were made at the time. A sample
of the soil was taken for my nitrogen fixation experiments, and better
than 11.00 m. g. of nitrogen were fixed with 1.5 g. of mannite. I did
not see the orchard again until the fall of 1912, and I must confess
that I was very much surprised to be unable to find a single tree affect-
ed where I had noted them before. In place of the dwarfed, sickly
growth with many brown leaves, I found the trees unusually vigorous
and {ree from burning. Many had sent out new shoots over three feei
long ; the foliage was fully developed and of an excellent color. Con-
fronted with such an unexpected condition of affairs, I set out at once
to find the manager and to ascertain, if possible, an explanation of this
remarkable rejuvenation. According to the owner’s statements, one
hundred and fifty-six trees were in a serious condition with niter
symptoms in 1911, and realizing the immediate need of some extreme
measures to save the trees, he plowed the whole orchard twelve to
fourteen inches deep that fall, and in the spring of 1912, he dynamited
the two acres where the trouble seemed to be localized using one-hali
stick of dynamite placed midway of the rows for each four trees.
Following this, he turned on a big head of water and washed out the
soil as thoroughly as can be accomplished by such a procedure. The
blasting had loosened the soil to a considerable depth so that the water
penetrated it very readily, and any nitrates that had accumulated in the
surface layers were doubtless reduced very materially. Added to the
benefit derived from this source was the greatly improved physical
condition of the soil, which must have encouraged new root develop-
ment. This last factor was undoubtedly responsible for the thriving
condition of the orchard. Although I did not locate any burning trees
myself, Mr.———— stated that there were a few, not to exceed siX,
whereas in 1911 there had been one hunded and fifty-six. He tpld
me that the results of his blasting experiment had been so gratifying
that it was his purpose to apply the same treatment to the remainder
of the orchard before another season.
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At no time have I observed any brown color on this soil. The
present sample, a heavy clay, was taken from the two apd a half acres
described above and contained only a trace of nitric nitrogen and o0
p. p. M. of chlorin.

Sample No. 92—This soil came from an orchard which is very
favorably located for securing the best possible natural drainage. It
horders on a river and is about twelve feet above the mormal level of
the stream. The soil is a light sandy loam and is underlaid at five
to eight feet with coarse gravel. When the river is at flood, the level
of the ground-water has been within ten inches of the surface and in
the depressions the water has stood two inches deep so there can be no
question about the openness of the soil. It has been frequently ob-
served on this place that the ground water rises and falls regularly
with any appreciable change in the level of the river.

The orchard is about twenty years old and until 190g it had been
very productive. During that year, the brown color became very con-
spicuous on the surface and the nitrates developed very rapidly. Ap-
proximately three hundred apple trees were killed, and in the spring
of 1910, they were removed. The entire surface of four and one-
half acres from. which the trees had been taken was covered with a
hard brown crust beneath which the soil was niealy and ashy. Corn
was planted here, but it amounted to nothing since much of it never
came up, and what little succeeded in getting through the ground turn-
ed yellow and died when it was 8 to 10 inches high. Not despairing of
all hope, the owner planted it to cantaloupes in 1911. Here and there
a plant got established and produced very well, but the crop as a whole
was a dismal failure. The tract was sown to oats in 1912 but only those
plants that were next to the water in the irrigating furrows survived.
A good many got to be six to eight inches tall and then burned. In
some places weeds were growing in the furrows, but in many others
neither weeds nor oats could endure the nitrates and the stand was so
poor that it was not considered worth irrigating. When I visited the
ranch in the fall of 1912, the burning had extended no farther into the
orchard than in 1911 and had stopped abruptly almost to the row.
Strangely enough, there were a few scattering trees next to the river
that were badly burned. One tree in particular attracted my attention,
since it was not to exceed ten feet from the edge of the river bank and
twelve feet above the water, yet it was as brown as could be from niter
mjury. Most certainly the burned condition of the leaves could not be
attributed to poor drainage in this case.

My sample was collected from, the barren area and contained 320
p. p. m. of nitric nitrogen with 7800 p. p. m. of chlorin.

_Sample No. 03-—Thus far, all of the orchards which we have de-
scribed have been apple, but we come now to a section of the country
where peaches and apples are grown in alternate rows, the peaches be-
Ing used as fillers. I first became interested in this orchard in 1910, not
because of the niter but hecause of a peculiar physiological condition
of some apricot trees. While looking about for some explanation of
this trouble I noticed the same brown color on the sides of the irrigating
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furrows. A short distance away I found about a dozen apple tree
badly burned so that my diagnosis of the condition of the soil was cop.
firmed.

In 1911 I visited the orchard and again in the fall of 1912, but
both occasions I failed to find either the brown color on the soil o
burning of the apple foliage. The peach trees were yielding well ang
evervthing seemed to be normal. [ took a sample of the soil, a heay
clay, however, as typical of our best peach land and have regarded it as
normal soil. It contained 4 p. p. m. of nitric nitrogen and 120 p. p.m.
of chlorin.

Sample No. 94—A short distance from the orchard described
as No. 93 is a large apple orchard where in 1910 six acres
of bearing trees were killed and in 1911 ten acres more were
so nearly exterminated that the owner grubbed out all of the sixteen
acres. Peaches were set out where the apples were removed and when
I saw them in September of 1912 they seemied to be thriving. At this
time the soil was moist from a recent irrigation and it was brown even-
where, particularly on the sides and crests of the irrigating furrows
Although this condition prevailed in the remainder of the apple orchard,
I was able to find only one tree that was burning. In all probability the
nitrates cither had not become sufficiently concentrated as yet or they
had not been washed down to the zone of the feeding roots. My sample
was taken from the ridges of three irrigating furrows and included the
top four inches. It contained 34 p. p. m. of nitric nitrogen and 40
p. p. m. of chlorin.

Sample No. 95—This sample consisted of the brown surface halt-
inch form the irrigating furrows described in the preceding sample. The
color varied from the brown of iron rust to dark chocolate. The sl
was quite moist and there was no mealy condition beneath the surfac
crust. It contained 600 p. p. m. of nitric nitrogen and 150 p. p. m. of
chlorin. My purpose in taking this sample was to compare the nitrify-
ing efficiency of the surface crust where the nitrates had become car
centrated with that of soil from the same source taken to greater depths.

Sample No. 96.—The next sample came from a peach orchard
where the owner complained of the peach leaves turning yellow and
the immature fruit dropping. We have never had an opportunity t0
observe the behavior of bearing peach trees when grown where nitrates
are excessive and consequently we did not know just what to expect
So far as our records go, they show that both pears and peaches with-
stand niter very well. This soil was a nice sandy loam ; it exhibited ro
brown color, and, as a subsequent chemical determination showed, the
nitrates were not excessive, although somewhat higher than other soils
in that vicinity. We have no reason for thinking that the peach trouble
metioned above was caused by the small amount of nitrates present
The sample was collected near one of the affected trees and contained
20 p. p. m. of nitric nitrogen and 170 p. p. m. of chlorin.

Sample No. 97—The next sample came from an apple orchard it
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a section of the country where no trouble was ever experienced from
high nitrates until 1911. Almost every other part had had its trials but
this region appeared to have been favored. As I was driving past this
orchard one afternoon in October of 1911, I noticed some thirty trees
in cne corner that were dying unquestionably from too much niter.
These were the only trees affected in this way that could be found
any place in the neighborhood. The soil is a clay loam and it was
rather moist from a recent shower, so it was difficult to determin=
the presence of the brown color. I visited the place again in July,
1012, and found that the burning had spread over the entire district
embracing, I should judge, eight to ten square miles. Practically
everything in the way of apple trees was suffering. The owner of
the place told me that the burning had all developed since the last
irrigation which was begun on Sunday, June 30th, and was continued
until the following Wednesday. About three days after he took the
water off, he had observed the dark brown stain on the irrigating
furrows and in about one week the trees began to burn. That is to
say, one week was required for the nitrates, which were carried from
the surface to the feeding zone of the apple roots, to produce the
physiological effect on the foliage which we have designated as burn-
ing.

The soil was hard and dry at the time the sample was taken ; there
was no brown color visible and judging from the physical condition
of the soil, it had received little cultivation and irrigation during the
summer and fall of 1912. Nitric nitrogen amounting to 20 p. p. m.
and chlorin to 65 p. p. m. were found.

ForricN SoiLs

Sample No. 52—Ohio. Received March, 1913; clay loam; moist;
corn field ; nitric nitrogen 7 p. p. m.; chlorin 8 p. p. m.

Sample No. 53.—Georgia. Received March 10, 1913; red gravelly
loam; oak and pine forest; wet when sent; nitric nitrogen § p. p.m.;
chlorin 78 p. p. m.

Sample No. 54—Washington. Received March g, 1913: dark
loam; upland soil from an orchard:; typical of the river bench soil
common to that locality; moisture good; mitric nitrogen § p. p. m.;
chlorin 40 p. p. m.

~ Sample No. 55—Virginia. Received March 10, 1913 heavy clay
from an orchard: sample wet due to heavy rains at the time
soil was collected; nitric nitrogen 9 p. p. m.; chlorin 74 p. p. m.

Sample No. 56—Oklahoma. Received March 17, 1913; sandy
loam ; cotton in 1912, dry; nitric nitrogen 11 p. p. m.; chlorin 8 p. p. m.

- Sample No. 57—North Carolina. Received March 19, 1913;
light sandy loam; sharp sand with little organic matter; water melons
1912; moisture good; nitric nitrogen 7 p. p. m.; chlorin 10 p. p. m.

Sample No. 58 —Texas. Received March 18, 1913; dark sandy
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loam; mever received commercial fertilizer or stable manure; cotton
1912; corn IQII; nitric nitrogen 7 p. p. m.; chlorin 98 p. p. m.

Sample No. 50—Georgia. Received March 21, 1913; red clay
loam; cotton for last three years with average yield of four hundred
nounds per acre; nitric nitrogen I4 p. p. m.; chlorin 106 p. p. m.

Sample No. 60—North Carolina. Received March 22, 1913;
light colored clay; planted to corn for several years, gave an average
yleld of forty to fifty bushels per acre; no manure or fertilizer ap-
plied; said to be very good corn land when properly cared for; sam-
ple was very dry when received; nitric nitrogen 6 p. p. m.; chlorin 8
p. p. m.

Sample No. 61—North Carolina. Received March 19, 1913;
white sandy loam containing a great deal of sharp white sand; very
little organic matter; tobacco in 1912; wheat in 1913; wet; nitric
nitrogen 3 p. p. m.; chlorin 6 p. p. m.

Sample No. 62—California. Received March 8, 1913; clay loam
with some adobe; no white alkali on surface; moist; grapes for past
few years; nitric nitrogen 4 p. p. m.; chlorin 26 p. p. m.

Sample No. 63 —California. Received March 8, 1913; sandy
loam; moist, alfalfa field, no white alkali on surface and no brown
color; nitric nitrogen 4 p. p. m.; chlorin 8 p. p. m.

Sample No. 64.—California. Received March 8, 1913; sandy
loam; moist; in small grain 1912. No white alkali; nitric nitrogen
6 p. p. m.; chlorin 8 p. p. m.

Sample No. 65.—Arkansas. Received March 28, 1913; red sandy
loam from Arkansas bottom; cotton in 1912, soil very wet when col-
lected, so it was dried before sent; mitric nitrogen 4 p. p. m.; chlorin
62 p. p. m.

Sample No. 66.—QOklahoma. Received March 25, 1913; clay loam;
sample taken to depth of six inches; alfalfa in 1911, cane in 1g12. The
person who sent the sample states that it has always been difficult to
get trees to grow on this land; nitric nitrogen 40 p. p. m.; chlorin
6 p. p. m.

Sample No. 67 —California. Received March 25, 1913; heavy
silt loam; white alkali abundant as an incrustation where the sample
was taken; no brown color; moist; no irrigation; young mixed or-
chard; nitric nitrogen 120 p. p. m.; chlorin 700 p. p. m.

Sample No. 68 —California. Received March 2sth, 1913; light
sandy loam, the prevailing soil in this region; no white alkali; sugar-
beets in 1911, barley in 1912, and set to plums in 19I3; nitric nitrogen
7.4 p. p. m.; chlorin 8 p. p. m.

Sample No. 69.—California. Received March 28, 1913; virgin
soil from foothills ; surface removed to avoid contamination due to wash;
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clay: moist; no white alkali; general mountainous vegetation ; nitric
nitrogen 2 p. p. m.; chlorin 8 p. p. m.

Sample No. 70.—California. Received April 2, .19‘13;.“black
adobe”’; no white alkali; moist; small grain in 1912, nitric nitrogen
5 p. p. m.; chlorin 10 p. p. m.

Sample No. 7r—California. Received March 7, 1913; sand
and gravel from raw cactus land ; moist; no white alkali and no brown
color; nitric nitrogen, none; chlorin 6 p. p. m.

Sample No. 73.—California. Received April 2, 1913; sandy loam;
no white alkali; no brown color; moist; formerly a vineyard; small
grain in IQi2; nitric nitrogen 7.4 p. p. m.; chlorin 8 p. p. m.

Sample No. 74—Garden City, Kansas. Received April 17, 1913;
sandy loam; sugar-beets for past two years, 1911 and 19I2; nitric
nitrogen 26 p. p. m,; chlorin 2,000 p. p. m.

DISCUSSION OF RESULTS.
Colorado Soils.

SERIES I. AMMONIUM SULPHATE

In Table No. 1, will be found the results of our nitrification ex-
periments with Colorado soils and ammonium sulphate. Of the twen-
ty-three soils under study, 17 showed a very marked net gain in
nitric nitrogen over the checks; one gave the same increase as the
corresponding soil which received no ammonium sulphate and there-
fore is considered as having given no net gam( 1) ; five contained less
than in the beginning. The point of greatest interest in this series is-
the uniformly large gains which all of the positive soils made. There
are no small increases of 10, 20, or 30 parts per million as might
be expected, the smallest being 320. Furthermore, there is some
justification for setting aside this figure as the lowest since the sam-
ple consisted of the surface crust from a brown area and does not
represent a four to six inch section of soil as the others do. The nitric
nitrogen was high to begin with, 600 p. p. m., and that may have had
some retarding influence on the rate of nitrification. If No. 95 is
eliminated, then we have the lowest net gain produced by any positive
soil as 408 p. p. m. by No. 94, while the average is 672 and the maxi-
mum 972.

As a matter of interest in connection with Nos. 94 and 95, the read-
er’s attention is called to the initial nitrate nitrogen in the two samples.
It will be remembered that both were taken side by side, but that the
{former represents a soil-section a short distance from any brown ma-
terial while the latter is just the brown surface; the first carried 34 p.
p. m. and the second 600. The chlorin is considerably lower in the
crust than in the section so it is probably the high nitrates that are re~
sponsible for the relatively small increase in nitric nitrogen.

(1) By the expression “total gain’ is meant the increase in nitric nitrogen over the
check at the beginning ; by “net gain” is meant the increase over the check at the end.
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Considering only those soils which gave positive results, there
seems to be practically no difference in the activity of our normal and
incipient niter soils as measured by their ability to nitrify ammonium
sulphate

. Looking next to the samples that show either no gain or a loss of
nitric mtrogen, we find that with the exception of No. 78, the raw

TABLE NO. 1.—Nitrification of Ammonium Sulphate by Colorado Soils. Nitrogen in Parts Per Million of
Air-dried Soil as Nitrites and Nitrates from 100 m.g. Nitrogen as (NH‘),_SO‘
Duration of Experiment: 6 Weeks at 28 Degrees C. )

Nitrogen as nitrites Nitrogen as nitrates Chiarip

Number of Sample and 1n parts per million in parts per million p,i,:._m

Description. Check Check (NHJ):SO‘ Check Check (NHJ),__SO‘ Total Net

at at added at at added gain  giin
begin. end begin. end

75 Wheat field, clay, nor-

mal ..ol .- .88 .36 1.60 7. 64. 800. 793, T, s
76 Truck garden, river

bottom, loam, normal 1.20 002 .92 54.  110. 660. 606. 550, 0.
77 Oat field, clay loam,

niter ... .32 .26 2.00 26. 76. 800. 774, 724, 43,
78 Raw  land, adobe

hill .36 .60 25.00 140. 140. 108. —32. =32 N
79 Apple orchard, red

clay loam, niter.... .26 .60 9.60 5. 66. 600. 595.  S34. Lom
80 Apple orchard, clay

loam, niter ........ .28 .90 68.00 13. 50. 36. 23, =14 100,
81 Barren field, brown

crust, niter ........ .32 L22 1.60 1360. 1360. 1240. —120. —120. 3240,
82 DBarren field, clay, )

niter .............. 1.60 .80 1.60 46. 120. 660. 614. 740, 9.5l
83 Apple orchard, heavy .

clay, niter ........ .02 L3 2.40 6. 100. 1040. 1034. 940. BN
84 Apple orchard, heavy

clay, niter ......... 14 .52 1.00 o Trace 63. 1040. 1040, 972, 1K
85 Apple orchard, clay X

loam, niter ........ L0120 .10 2.00 6. 60. 600. 594, 5S40 LwlL
86 Oat field, sandy loam "

niter .............. .0 .14 .10 130. 240. 200. 70, —40. oA,
87 Apple orchard, clay . .

loam, niter ....... .10 L12 .60 6. 40. 840. 834. 800. 20
88 .ipple orchard, clay »

loam, niter ........ .40 .14 .80 70. 100. 100. 30. 0. &30
89 Apple orchard, clay i
. 1%21—“' niter ....... ) 40 .60 .14 180. 260. 800. 620. §40. 1A
90 Apple orchard, sandy ~ ) .

loam, niter ........ .32 .40 .36 13. 60. 200. 867. 320. Litk
91 Apple orchard, heavy o l

cTI)Ey, normal ....... L322 J14 .10 Trace 40. 720. 720, 630, M,
92 Oat field, sandy loam, . 2 i

niter ... 1.40 20 .36 320. 320, 240. —80. —80. /M
93 Peach orchard, heavy - 1 ,

clay, normal ...... .60 .60 2.40 4. 48. 880. 876, 832 Lk
94 Apple orchard, | clay ) X N

NHter L ........i... 141,20 10 34, 92, 500. 466. 405 A
95 Apple orchard, brown N W

surface o .26 .14 .60 600. 640, 960 360.  320. I
96 Peach orchard, sandy N ) 1.

loam, normal ...... L2400 1.00 2.40 20. 60. 720. 700, 660,
97 Apple orchard, clay 5 5

mer o 08 2360 140 224 200 132, 960. 940, 88. ¥

adobe hill, all contain very high chlorin; in fact with the exception of
No. 82, which gave positive results, the five soils with the highest
chlorin are the negative soils. Lipman (1) has shown ‘experim_entally
that when sodium chlorid is present in soil in amounts equivalent

(1) Lipman, Chas. B., Toxic Lffects of “Alkali Salts” in Soils on Soil Bactera.
I Nitrification. Cent. f. Bakt.,, II. Abt, Bd. 33, p. 305, 1912,
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to .2 per cent. of the dry soil, that a very marked toxic effect is produced
upon the nitrifying organisms; and that when a concentration of .4
per cent. is reached, no nitrification takes place. This seems to be
the most plausible explanation of the failure of our high chlorin soils
to produce nitrate. The chlorin in these, when computed as NaCl, gives
the following concentrations which fall easily beyond the limits of
tolerance as established by Lipman; No. 80, 1.65 per cent.; No. 81,
5.34 per cent.; No. 86, 1.05 per cent; No. 88, 1.306 per cent.; No. g2,
1.30 per cent. While this accounts vary nicely for the lack of nitrify-
ing cificiency on the part of five samples, it makes it very difficult
to explain why No. 82 with 9,800 p. p. m. of chlorin or 1.61 per cent.
NaCl should respond positively with a net gain of g40 p. p. m. of
nitric nitrogen.

On the other hand, Professor Lipman has shown that the presence
of .05 per cent and even .1 per cent NaCl has a stimulating effect upon
nitrification. Almost all of our positively reacting soils contain mod-
erate amounts of sodium chlorid, varying from .009 per cent. to .163
per cent. and it is not at all improbable that the chlorin acts as an
intensifying agent to nitrification.

The lack of nitrifying efficiency shown by No. 78 can hardly
be accounted for by the presence of high chlorids, since it carries con-
siderably less than several of the more efficient samples. The high
aitrites which are present, 25 p. p. m., seem to indicate a vigorous
denitrifying flora stimulated by the sulphate, rather than retarded
nitrification. This follows from the fact that the control increased -
but very little, .24 p. p. m., in nitrous mitrogen and none at all in nitric
nitrogen, while with ammonium sulphate added, there was a loss of
nitrates and an appreciable increase of nitrites. Are we to infer from
this that the (NH.).SO. has favored the reducing agents? The failure
of the control to increase in nitrogen would seem to support the view
that the nitrifying organisms were either absent or the conditions were
very unfavorable for their development. What has been said here ap-
plies equally well to No. 92, except that the high chlorin may account
for the failure of the control to increase in nitrates.

The conditions were somewhat different in No. 0. Here we have
evidence in the increased nitric nitrogen of the control that the nitrify-
ing organisms were moderately vigorous:; however, the addition of
the ammonium sulphate has retarded their activity to a very marked
degree as indicated by the 68 p. p. m. of nitrite nitrogen and 23 p. p. m.
of nitrate nitrogen as compared with .9 p. p. m. and 50 p. p. m. respect-
ively in the control.

Any interpretation that we might give to No. 86 would be little
more than mere conjecture, other than to state that something has
either interfered with nitrification or that denitrification has been ex-
ceedingly rapid in the presence of the ammonium salt. In either case,
we should expect to find the nitrates higher than they are. That the
nitrifying organisms are present there is no question for the control
shows a material gain.



TABLE NO. 2.—Nitrification of Ammonium Chlorid by Colorado Soils.

Nitrogen as nitrites Nitrogen as nitrﬁtes Chlorin
in parts per million in parts per million in
Number of Sample and p _pA N p.p.m.
Descrintion Check Check NH/Ci Check Check NH.CI Total Net
P at at added at at added gain  gain
begin. end begin. end
83 Apple orchard, heavy
clay, niter ......... .02 .36 .06 6. 100. 120. 114 20. S8.
84 Apple orchard, heavy
clay, niter ........ .14 .52 .10 Trace 68. 320. 320. 252 138,
85 Apple orchard, clay
loam, niter ........ .012 .10 .20 6. 60. 12. 6. —d48. 1,000.
86 Oat field, sandy loam,
niter .............. .00 .14 .04 130. 240. 160. 30. —80. 6,400.
87 Apple orchard, clay
loam, niter ........ .10 .12 .072 6. 40. 32. 26. —8. 202.
88 Apple orchard, clay
loam, niter ........ .40 .14 .02 70. 100. 100. 30. 0. 8300
89 Apple orchard, sandy
loam, niter ........ .40 .60 .08 180. 260. 200. 20. —60.  1,600.
90 Apple orchard, sandy
loam, niter ........ .32 .40 .10 13. 60. 120. 107.  60. 140.
91 Apple orchard, heavy
clay, normal ...... .32 .14 L1112 Trace 40. 72. 72. 32 .
92 Oat field, sandy loam n
niter .............. 1.40 .20 .18 320. 320. 280. —40. -—40. 7,500
93 Peach orchard, heavy
clay, normal ....... .60 .60 .112 4. 48. 120. 116. 72. 120.
94 Apple orchard, clay
niter .............. .14 1.20 .10 34. 92. 240. 206. 148. 420.
95 Apple orchard, brown R
surface ............ .26 .14 .06 600. 640. 680. 80. 40. 150.
96 Peach orchard, sandy
loam, normal ...... .24 1.00 12 20. 60. 96. 76.  36. 170.
97 Apple orchard, clay,
niter .............. .36 1.40 .26 20. 132. 560. 540. 428. 65.
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In No. 88, we have nitrification going on in the control but rather
feebly. There was no increase in the nitric nitrogen with the ad-
ditional supply of ammonia nitrogen. Knowing the condition and his-
tory of this soil, I am inclined to explain this by a loss of vitality and
virulence on the part of the organisms rather than by their inability
to attack ammonium sulphate, The water soluble salts in this soil were
very high and the nitrifying bacteria were, in all probability, intoxi-
cated, so to speak, by the saline solution.

SErIES II. AmmonNium CHLORID

The results of the next series are given in Table No. 2. Here the
ammonia nitrogen was furnished in the form of ammonium chlorid. A

Air-dried Soil as Nitrites and Nitrates from 100 m.g. Nitrogen as NH‘Cl
Duration of Experiment: 6 Weeks at 28 Degrees C.

glance at the net gain column of this table brings out the striking fact
that ammonium chlorid does not begin to be as fertile a source of nitric
nitrogen as the sulphate. Whether the additional chlorid has exercised
an inhabiting action or whether this form of the salt is more resistant
to the attacks of the nitrifying organisms is difficult to say. Nine of
the fifteen samples gave a positive gain in nitric nitrogen with the
chlorid ; one showed no increase and five failed to produce as much as
the controls. None yielded as much as the respective soils in the sul-
phate series, and all that fell behind here were also below in the pre-
ceding set. All of the negative results point strongly to the inhibi-

Nitrogen in Parts Per Million of
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tion of the nitrifying organisms rather than to denitrification. The net
gains in nitric nitrogen varied from 2.13 per cent. to 51.69 per cent.
of those secured from ammonium sulphate with the corresponding
soils; compared with the returns from ammonium carbonate, the third
sefies, the gains varied from 3.49 per cent. to 37.28 per cent.; with
dried blood, the fourth set, they varied from 4.00 per cent. to 57.22 per
cent The average net gain in nitrate nitrogen for the positive soils was
120.88 p. p. m., with the maximum of 428.0 p. p. m. and a minimum
“of 20 p. p. m.

Series III.. AMMoNIUM CARBONATE

Ammonia nitrogen was supplied in the form of ammonium car-
bonate to the third set of samples. The results of the study appear in

TABLE NO. 3.—Nitrification of Ammonium Carbonate by Colorado Seils. Nitrogen in Parts Per Million

of Air-dried Soil as Nitrites and Nitrates from 100 m.g. Nitrogen as (NH ),CO,
Duration of Experiment: 6 Weeks at 28 Degrees C.

Nitrogen as nitrites Nitrogen as nitrates Chlorin
Number of Sample and ) in parts pir million in parts pi million . p.lpn. o
Descripti Check Check (NH,)) CO, Check Check (NH)) CO, Total Net
escription 472~y 4la s . X
at at added at at added gain gain
begin. end begin. end

75 Wheat field, clay, nor-

mal ... .88 .36 152 7. 64, 720. 713.  656. 500.
’$ Truck garden, river

bottom loam, normal 1.20 .002 .08 54, 110. 680. 626. 570. 400.
77 Oat field, clay loam,

niter ...l .32 .26 .08 26. 76. 600. S74. 524, 4,500.
7§ Raw  land, adobe

Ml .ol . .36 .60 .04 140. 140. 100. —40. —40. 700.
79 Apple orchard, red

clay loam, niter .... .26 .60 .32 S. 66. 560. §55. 494. 1,000.
80 Apple orchard, clay

loam, niter ........ .28 .90 48.00 13. 50. 36. 23. —14. 10.000.
8t Barren field, brown

crust, niter . ....... .32 .22 .60 1360. 1360. 1240. —120. —120.
82 Barren field, clay 2 120. - 32,400.

niter ... 1.60 .80 .20 46. 120. 700. 654, 580. 9,800.
33 Apple orchard, heavy

clay, niter ......... .02 .36 .20 6. 100. 672. 666. 572. 58.
84 Apple orchard, heavy

clay, niter ........ .14 .52 .02 Trace 68. 700. 700 632. 138,
8 Apple orchard, clay ’

loam, niter ........ 012 .10 3.60 6. 60. 400. 394, 340. 1,000.
8 Oat field, sandy loam,

niter ..., ..., .0 14 .06 130, 240. 200. 70. —40. 6,400
8 Apple orchard, clay

loam, niter ........ 1 12 5.60 6. 40, 340. 334, 300. 202.
8 t\lpple orchard, clay

0am, niter ........ .40 .14 .80 70, 100. 100. 30. 0. 8,300
8 f\]Dple orchard, sandy

oam, niter ........ .40 .60 12 180. 260. 600. 420. .
% ,}Dplc orchard, sandy . 00 20 340 1,600

0am, niter ........ .32 .40 40 13. A 3 . .
9 A];p]c orchar;i, heavy 60, 660. 647 600 140

clay, normal ...... .32 .14 .32 Trace 40. 700. 700.  660. ]
92 Oat ‘field, sandy loam 80

niter ..., . ..., 1.40 .20 .10 320. 320. 340. . N
%3 Pe]a:h orchaxl-d, heavy 40 20 20 7,800

clay, normal ....... .60 .60 1.40 4. 48, 640. 634. .
b Apple orchard, clay 592 12

NtEr . .iiivvunnnan .14 1.20 9.60 34, 92. 700. 666, .
9% ADlee orchard, brown 608 420

surface ,........... .26 14 12 600. 640, 1320. 720,  680. 150
9% P]each orchard, sandy

oam, normal ...... .24 1.00 8.00 20. 60. 120. 100. 60. 170
9 Apple orchard, clay,

niter ..., ..., .36 1.40 1.00 20. 132, 1280. 1260. 1148. 63
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Table No. 3. They indicate that this compound of ammonium is brokey
down with ease compared with the ammonium chlorid, but not quite
as readily as the sulphate. [Eighteen of our soils gave positive
gains in nitric nitrogen from the carbonate ; one showed no increase and
four produced less than the controls. We find the samples which failed
to nitrify the carbonate the same four that fell below with the sulphate,
and what has been said by way of an attempted explanation of this
under the sulphate series should hold equally well here. With the
exception of No. 78, all are high in chlorin. A few points of interest -
in connecting with these negatively reacting soils may be mention-
ed here: No. 78, the raw adobe hill, failed by 8 p. p. m. to produce as
much nitric nitrogen in the presence of the carbonate as of the sulphate;
the vigorous denitrification appears to have carried the nitrates beyond
the nitrite stage since the nitrous nitroger is less than in the begin-
ning. We have a rather striking coincidence in the exact agreement
of soils 80, 81 and 86 with respect to the nitric nitrogen that they pro-
duced in the presence of both ammonium carbonate and ammonium
sulphate. No. gz, which failed to give a net gain in nitric nitrogen with
(NH.):SO. yielded an increase of 20 p. p. m. over the control with
(NH.):COs, and this with 7,800 p. p. m. of chlorin present.

The average net gain in nitric nitrogen made by the positively
reacting soils was 520.88 p. p. m., the maximum was 1148.0 p. p. m. by
soil No. g7, and the minimum 20 p. p. m. by No. g2.

The results of this study indicate that both our normal and in-
cipient niter soils are equally efficient in nitrifying ammonium car-
bonate.

The presence of large quantities of initial nitrate in the soil
without high chlorin such as we find in No. 95 with 600 p. p. m. of
nitric nitrogen did not interfere seriously with the nitrificaton process.
In this particular instance, a net gain of 680 p. p. m. of nitric nitrogen
was secured, although the sample to begin with contained a large
excess, it being the brown crust from a niter spot.

Series IV. Driep Broop

As stated elsewhere, we were curious to learn whether the am-
monium compounds that are formed by the ammonification of pro-
teid nitrogen, through the agency of ammonifying bacteria, would re-
spond more or less readily to the nitrifying organisms than would the
chemically pure salts. To this end, a fourth series of soils was pre-
pared, to which dried blood was added to furnish the necessary organic
nitrogen.

The results of the experiment appear in Table No. 4. In the pre-
vious investigation, we determined the ammonifying efficiency of soils
from all of these localities except three and found them to be abundantly

_stocked with ammonifying organisms and capable of converting the
nitrogen of the blood into ammonia nitrogen. Having ascertained this
fact, we have proceeded on the assumption, in the present work, that
ammonium compounds would be available for the nitrifying organisms,
and that if there was no increase in nitrate at the end of the experi-
mental neriod, it was chargeable to the nitrifying flora and not to the
ammonifiers.
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The addition of the dried blood to the soil appears to have im-
proved the condition for nitrification in several of the samples for
twenty of them gave gains in nitric nitrogen above the control ; one pro-
duced the same and two less. It would be interesting to know whether
the increased nitrifying efficiency in these cases has resulted from the
additional food material or whether the deleterious action of the high

chlorids has been lessened by some combination with the blood.

TABLE NO. 4.—Nitrification of Dried Blood by Colorado Soils. Nitrogen in Parts Per Million of

of Air-dried Soil as Nitrites and Nitrates from 100 m.g. Nitrogen as Dried Blood
Duration of Experiment: 6 Weeks at 28 Degrees C.

No. 78, from the raw adobe hill, presents an interesting case again
in this series. It will be remembered that in two preceding studies,
Series T and I11, this soil showed active denitrification in the presence
of the different nitrifiable substances, and that the controls contained
the same amount of nitrate at the end of the experimental period as in
the beginning. Here, in place of the reduction of its initial nitrates, it has

Nitrogen as nitrites Nitrogen as nitrates Chlorin
wumber of Sample and . in parts pir million _ in parts pi million p.lpn. o
_— Check Check Dried Blood Check Check Dried Blood Total Net
Deseription at at added at at added gain gain
begin. end begin. end
15 Wheat field, clay, nor-
R P .88 .36 .30 7. 64. 680. 673.  616. 500.
go Truck garden, river
bottom Joam, normal 1.20 .002 .26 54. 110, 680. 626. 570. 400.
77 Oat field, clay loam,
THET e .32 .26 .88 26. 76. 600. 574. 524. 4,500.
12 Raw  laud, adobe
T .36 .60 .64 140. 140. 140. 0. 0. 700.
;7 Apple  orchard, red
¢lay loam. niter .. . .26 .60 1.00 S. 66. 640. 635. 590. 1,000.
s Apple orchard, clay
Joam, miter. ... ... .. .28 .90 88.00 13. 50. 100. 87. §0. 10,000.
& DBerren feld, brown
crust, niter ....... .32 .22 .84 1360. 1360. 740. —620. —620. 32,400.
82 Barren  field, clay
T e 1.60 .80 1.70 46. 120. 500. 454 380. 9,800.
8 Apple orchard, heavy
clay, niter ......... .02 .36 .08 6. 100. 600. 594.  500. S8.
W Apple orchard, heavy
clay, niter ........ .14 .52 .18 Trace 68. 880. 880. 812 138.
$5 Apple orchard, clay
loam, niter ........ 012 .10 .26 6. 60. 620. 614.  560.  1,000.
8 Oat field, sandy loam,
omiter L .00 14 .02 130. 240. 80. —50. —160.  6,400.
37 Apple orchard, clay
loam, niter ........ .10 A2 35.00 6. 40. 320. 314, 280. 202.
8 :\Ipp]e orchard, clay
oam, niter ........ . . . 70. 100. 240. 170.  140.  8,300.
§ :\’pple orchard, sandy 40 14 60 70 ’
vam, niter ........ . . 2 180. 260. 480. 300. 220. 1,600.
90 -’;pple orchard, sandy 40 80 5.20
oam, niter ........ .32 . . 13. 60. 600. 587.  540. 140.
9N Ar])p]e urcharii, heavy 3 40 60 .
¢lay, normal ...... . . ) T 40. 440. 440. 400, 80.
0 OQt field, sandy loam 32 14 8.80 race
ter L.l . 2 . 20. . 20. 20. 7,800.
03 A’e]ach orchard, heavy 1.40 20 .19 320 320 340 0 ,8
clay, normal ....... .60 40.00 4, 48. 240. 236. 192. 120.
“ Apple orchard, clay 60
o er g4 1.20 4.80 34, 92. 400. 366.  308. 420.
5 Apple orchard, brown
. surface . ..., ...... .26 .14 .08 600. 640. 1000. 400. 360. 150.
6 Peach orchard, sandy
_ loam, normal ....." 24 1.00 32 20. 60. 880. 860. 820. 170.
97 Apple orchard, clay,
mter L., .36 1.40 1.20 20. 132. 880. 860. 748. 6S.
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maintained them constant to the end, and while it can show no net gain
in nitric nitrogen, it has not lost what it already had, as before.

In soil No. 8o, Series I and III, nitrification seems to have been
retarded by the presence of the ammonium salts, due probably to
combinations of chlorids with the sulphates or carbonates or perhaps to
mere concentration of the saline solution. The dried blood in the pres-
ent series has evidently changed the soil conditions quite materially, for
here No. 80 gave a net gain of 50 p. p. m. nitric nitrogen and 88. p. p. m.
of nitrous nitrogen over the control, whereas in both preceding studies
it had shown a loss in the former but a gain in the latter due presumably
to denitrification.

Soil No. 88, which gave no gains in any of the preceding experi-
ments, responded to the dried blood with a net increase of 140 p. p. m.
of nitric nitrogen.

Samples Nos. 81 and 86 were unable to utilize the dried blood in
the manufacture of nitrates. These same soils, it will be remembered,
were deficient in nitrifying eificiency when tested out with the ammon-
ium salts.

No. 81 showed the largest loss in nitric nitrogen, 620 p. p. m., of
any soil in any series.

No. 92, which gave no increase with the sulphate and chlorid,
showed a gain of 20 p. p. m. here as with the carbonate.

The maximum net gain in nitrogen was made by No. 96 with 820
p. p- m. This figure is rather interesting in view of the fact that the
yields of this soil from both ammonium carbonate and ammonium chlo-
rid were among the lowest. The average gain for the positively reacting
soils of this series was 431.50 p. p. m., and the minimum 20 p. p. m. by
No. gz2.

The presence of large quantities of nitrate in the soil to begin with
does not appear to interfere seriously with the nitrification of dried
blood provided the chlorin is not also high; this is apparent from the re-
sults of samples Nos. 81 and 95. Comparing the nitrifying efficiency of
our positively reacting mormal soils with that of our incipient niter
soils, we find that in this series the normal samples have considerably
the advantage; the normal gave an average gain of §19.60 p. p. m. of
nitric nitrogen against 405.14 p. p. m. for the niter.

SUMMMARY OF COLORADO SOILS

Seventeen or 73,91 per cent. of the soils under examination were
able to convert the nitrogen of ammonium sulphates into nitrate nitro-
gen; eighteen or 78.26 per cent. accomplished the same with ammoni-
um carbonate and twenty or 86.95 per cent. with dried blood. Of the
fifteen that received ammonium chlorid, nine or 60 per cent. gave
positive results.

The largest total amount of nitric nitrogen was produced from
ammonium sulphate; the next largest from the ammonium corbonate,
then the dried blood and least from the ammonium chlorid. .

The largest amount of nitric nitrogen produced by any one soil
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from ammonium sulphate was g72 p. p. m. by No. 84,, a heavy clay
aiter soil ; from ammonium chlorid, it was 428 p. p. m. by No. 97, a clay

niter soil ; from ammonium carbonate, it was 1148 p. p. m. by No. ¢7;
from driec blood, it was 820 p. p. m. by No. g6, a sandy loam, normal

soil.

The average amount of nitric nitrogen produced by a positively re-
acting soil in each series was as follows: Ammonium sulphate, 672

5. p. m.; ammonium carbonate, 520.88 p. p. m.; dried blood, 431.50 p.
p. ni.; ammonium chlorid, 12088 p. p. m.; check 59.30 p. p. m.

The average amount of nitric nitrogen produced by a Colorado soil
in the different series, all samples taken into consideration, positive
and negative, was as follows: Ammonjum sulphate, 484.26 p. p. m.;
ammonium carbonate, 398.34 p. p. m.; dried blood, 341.30 p. p. m.; am-
monium chlorid, §6.80 p. p. m.; check, 51.30 p. p. m.

The average amount of nitric nitrogen produced by a niter soil in
the incipient stage, and a normal soil in each series was as follows:
Amimonium sulphate, 710.6 p. p. m. for the nitre, 691.6 p. p. m. for the
normal ; ammonium chlorid 181.6 p. p. m. for the niter, 46.66 p. p. m.
for the normal ; ammonium carbonate, 507.6 p. p. m. for the niter and
505.6 p. p. m. for the normal; dried blood, 405.14 for the niter, 519.6
for the normal. The differences in the average gain from the sulphate
and the carbonate are so small, 19 p. p .m. for the former and 2 p. p. m.
for the latter, that we are reasonably safe in saying that our incipient
niter soils and normal soils are equally efficient in nitrifying these sub-
stances. In the case of the dried blood, the normal soils have out-
yielded the others by 114.46 p. p. m. per sample. In the ammonium
chlorid series, the mumber of samples under consideration is too small
for the results to carry much weight; however, our figures taken for
what they may be worth, indicate that the niter soils are superior to the
normal, the former yielding an average of 34.94 p. p. m. of nitrate nitro-
gen more than the latter.

Considering the positively reacting soils, or those which showed an
increase in nitric nitrogen above the controls, we find that §2.94 per
cent. of them made their largest gains from the ammonium sulphate;
33-33 per cent. from the ammonium carbonate, 30 per cent from the
dried blood and none from the ammonium chlorid; 41.17 per cent. made
their second highest gains from ammonium sulphate; 38.88 per cent.
{rom the carbonate; 15 per cent. from the dried blood and noune from the
ammonium chlorid 11.76 per cent. gave the third largest yields from
the ammonium sulphate ; 27.77 per cent. from the carbonate; 55 per cent.
from the dried blood and o. per cent. from the chlorid of ammonium.

21.74 per cent. of the soils produced less nitric nitrogen in the
presence of ammonium sulphate than the controls, while 4.35 per cent.
gave the same; 33.33 per cent. gave less with the ammonium chlorid
than the checks, and 6.67 per cent. the same; 17.39 per cent. yielded
less from ammonium carbonate than the controls and 4.35 per cent. the
same; 8.7 per cent. produced less {rom dried blood than the controls,
and 4.35 per cent. the same.
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Foreign Soils.

In order that we might have some first-hand data with which 1o
compare the nitrifying efficiency of our niter soils, we have carrieq
side by side with these, twenty-two soils from localities outside of
Colorado. An effort has been made throughout the investigation to
eliminate all factors that would tend to lessen the value of the com-
parative study. With the exception of the collection and shipment of
the samples, all have been handled by the same workers so that so
far as the personal equation and methods of technique are concerned,
the results of both series should be fair to each other and comparable

Ammonium chlorid has been omitted from the list of nitrifiable
substances employed in connection with these soils since our experience
with the salt and the Colorado samples led us to believe that it pos-

sessed little value as a source of nitrogen for measuring nitrifyiag
efficiency.

SERIES V. AMMONIUM SULPHATE.

In table No. 5 will be found the results of the first set of nitrifica-
tion experiments with foreign soils in which ammonium sulphate was
employed as the nitrifiable substance. The relatively low chlorids in
these soils stand out in striking contrast to those with which we have just
been dealing, and with the exception of Nos. 67 and 74, the chlorin is so
low that it can be considered as a negligible quantity.

Seventeen or 77.27 per cent. of the soils gave positive results with
the sulphate and five or 22.73 per cent. negative.

Among the samples which failed to produce as much nitric nitrogen
as the controls are two, Nos. 57 and 61, which are of particular interest
because of their peculiar physical character; both, it will be remember-
ed, are sandy loams, for the most part clean, sharp, white sand, the lat-
ter considerably coarser than the former, and very deficient in organic
matter. The writer is well acquainted with hoth soils and can state that
the samples are typical of the regions from which they come. It may
be of some interest to note in passing that the Fusarium wilt of water
melons has been so serious on the first of these that melon growing
has been abandoned almost entirely in recent years; the first observa-
tions on the Granville tobacco wilt, caused by B. solanacearuwin and de-
scribed by Stevens{1) and the writer in 1903, were made on the tract
from which No. 61 came. The nitrifying organisms seemed to be pres-
ent in these samples as shown by the gains in the controls, but the am-
monium sulphate inhibited their action almost completely; in fact, in
No. 57. it checked it altogether, and a little reduction took place, while
in the other sample, there was a gain of 1 p. p. m. nitric nitrogen over
the initial content, but still less than the control.

Nos. 58, 59, and 60 all showed the retarding effect of the sulphate
on nitrification. That the necessary organisms were present to trans-
form the ammonium nitrogen into nitrate nitrogen is clearly evident
for all of the controls gave very appreciable gains.

(1) Stevens, F. L., and Sackett, W. G.; Granville Tobacco Wilt, Bul. 188, N. Carolinz
Exp. Sta., 1903.
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A peculiar condition existed in No. 53 throughout the investiga-
tion; the check lost practically all of its nitric nitrogen, but the addition
of the ammonium sulphate appeared to have retarded denitrification
so that the soil to which this salt was added showed an excess of 3 p. p.
m. nitric nitrogen over the control, but at the same time a loss of 2z p. p.
m. of its initial nitrate nitrogen. Although it contained more nitric
nitrogen than the check at the end of the experiment, it might be group-
ed more properly with the negatively reacting soils, since the nitric
nitrogen which was found was in all probability, a part of the initial
content which had not yet been reduced.

TABLE NO. 5.—Nitrification of Ammonium Sulphate by Foreign Soils. Nitrogen in Parts Per Million
of Air-dried Soil as Nitrites and Nitrates from 100 m.g. Nitrogen as (NH‘)!SO‘
Duration of Experiment: § Weeks at 28 Degrees C.

Nitrogen as nitrites Nitrogen as nitrates Chlorin
in parts per million in parts per million in
Nomber of Sample and p A .- e . p.p.m.
e Check Check (NH,) SO, Check Check (NH) SO, Total Net
Description 4727 4 2" . .
at at added at at added gain  gain
begin. end begin. end
52 Corn field, clay loam,
Ohio +..ovviivvnnns .002 176 1.20 7. 60. 120. 113. 60. 8.
s3 Pine forest, gravelly
loam, Georgia..... Trace .220 44 5. Trace 3. —2. 3. 78.
s4 Apple orchard, loam,
Washington ....... .04 .340 68 5. 90. 120. 115. 30. 40.
55 Apple orchard, heavy
clay, Virginia ...... Trace .160 .80 9. 70. 240. 231.  140. 74.
56 Cotton field, sandy
loam, Oklahoma .. .18 .168 .80 11. 50. 70. 59. 20. 8.
5/ Water melons, sandy
loam, North Carolina Trace .168 .80 7. 46. 6. —1. —40. 10.
58 Cotton field, sandy
loam, Texas ...... .12 .160 .52 7. 50. 30. 23. —20. 98.
39 Cotton  field, clay
loam, Georgia .... Trace 152 .80 14, 60. 30. 16. —30. 106.
t) Corn feld, clay,
North Carolina .... .16 112 1.00 6. 70. 40. 34, —30. 8.
61 Tobacco field, sandy
toam, N. Carolina. .. Trace .100 .52 3. 20. 4. 1. —16. 6.
62 Vineyard, clay loam,
California ......... Trace  Trace .48 4. 24. 140. 136. 116, 26.
63 Alfalfa field, sandy
loam, Calitornia .. .04 .100 1.20 4. 46. 140. 136. 94, 8.
6 Small grain, sandy .
loam, California .. .88 .320 1.20 6. 70. 200. 194. 130. 8.
65 Cotton field, sandy
loam, Arkansas .... .60 132 .60 4. 24. 480. 476. 450. 62.
[ Cérllde }flicld. clay loam.
klahoma ......... .18 1 K 40. 126. 180. 140. 54 6.
67 Mixed orchard, silt ! 36 0 0 6 0
loam, California.... 1.80  1.80 24.00 120. 140. 280. 160. 140 700.
68 Plum orchard, sandy
loam, California, , . . .26 .140 1.40 7.4 0. 100. 92.6  60. 8.
8 V”’glp soil, clay, Cali-
fornia ......... ... Trace .100 1.00 2. 30. 100. 98. 70, 8.
0 Small _grain, black
_ adobe, California .... 1.40 .160 1.40 5. 34, 560. §55.  526. 10.
7l Raw cactus land, sand
., .and gravel.  Calif. Trace .120 .64 0. 12, 13. 13. 1. 6.
73 Vineyard, sandy loam,
. California ..., ..... 0.0 120 .80 7.4 70. 100. 92.6 30. 8.
™ Sugar  beets, sandy
loam, Kansas ...... 1.2 .260 1.60 26.0 160. 800. 77.4 640, 2,000

The raw cactus land from California, No. 71, was very deficient
in nitrifying organisms, while the virgin clay soil, No. 69, gave a net
gain of 70 p. p. m. nitric nitrogen.

The largest gains in the series were made by the soils from Ar-
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kansas, California(1) and Kansas, Nos. 65, 70 and 74, amounting to
450, 520 and 640 p. p. m. respectively. I was somewhat surprised to
find No. 65 so active, but disappointed at not getting larger returns
from more of the California samples, since I expected them to behaye
more like the Colorado soils. The large gain in the Kansas sample ful-
filled my expectations since it came from just across the state line and is
in all respects a Colorado soil.

The nitrites which appear in connection with No. 67, 24 p. p. m..
suggest retarded nitrification rather than denitrification. The 700 p.
p. m. of chlorin which the soil contained may have had something to do
with this, although No. 74 with 2000 p. p. m. exhibits no such quantity
of mitrites.

The maximum net gain in nitric nitrogen from ammonium suliate
was made by No. 74, with 640 p. p. m. As mentioned before, this is
essentially a Colorado soil, and it is hardly fair to the other samples tc
give it first place. The next best increase §20 p. p. m. is shown by Na.
70, California black adobe. The average gain for all of the positively
reactinig soils of this series was 150.82 p. p. m. nitric nitrogen, and the
minimum, I p. p. m. by No. 71.

SrriEs VI. AmmontuyM CARBONATE

Ammonium carbonate was supplied to the soils of this series as
the nitrifiable substance. The detailed results appear in Table 6.

Of the twenty-two samples under study, seventeen or 77.27 per
cent. made gains in nitric nitrogen from the carbonate of ammonium,
while five or 22.73 per cent. failed to do so. Although the number
of samples reacting positively and negatively is the same here as in
the preceding set, the same soils have behaved differently. Whereas
Nos. 58, 59 and 60 were negative with respect to the sulphate, they
are positive in the present series. The most striking difference be-
tween the results of the two series is in the increased number of soils
that gave large net gains; with ammonium carbonate six responded
strongly, as compared with three with the ammonium sulphate. Two of
these Nos. 70 and 74, are the same as in Series V, but the other four
are all different. Three of them are from California, one from Kansas.
one from North Carolina and one from Virginia. The natural in-
ference from such an increased yield of nitric nitrogen is that the am-
monium carbonate is more easily nitrified than the sulphate, so far
as these particular soils are concerned.

Nos. 57, 61, 62, 63, and 71 all produced less nitrate nitrogen than
the controls. In No. 57, there was marked inhibition of nitrification
in the presence of the carbonate with a very little reduction. Consid-
erable nitrification took place in the check. Nos. 61, 62 and 71 show
that the same conditions existed without the denitrification. With No.
63, the nitrifying activities were not retarded to nearly as great a
degree, the check producing only 6 p. p. m. more nitric nitrogen than

(1) No. 70 from California compared very favorably in nitrifying efficiency with the
Colorado soils in all of the series.
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the carbonate sample. All of these negatively reacting soils contained
the necessary nitrifying organisms as manifested by the appreciable
cains that the checks made. There seems to be little doubt in the case
of the five soils just mentioned that the ammonium carbonate has ex-
erc’~ed some toxic action, thus preventing the normal development
of the nitrifying flora.

The ammonium carbonate appears to have improved conditions
fur nitrification very much for Sample No. 69, for it gave a net gain
of 450 p. p. m. of nitric nitrogen as compared with 70 p. p. m. in the
preceding series.

TABLE NO. 6.—Nitrification of Ammonium Carbonate by Foreign Soils. Nitrogen in Parts Per Million
of Air-dried Soil as Nitrites and Nitrates from 100 m.g. Nitrogen as (NH‘):COZ
Duration of Experiment: 6 Weeks at 28 Degrees C.

Nitrogen as nitrites Nitrogen as nitrates Chlorin
- in parts per milli in parts r million in
Nanber of Sample and parts p . illion P Di ” p.p.m

— .
Cheek  Check (NH,),CO, Check  Check (NH) €0, Total Net

Description z i
at at added at at added gain gain
begin. end begin. end

© Corr ficld, clay loam,

OMo oo .002 176 Trace 7.0 60. 200. 193. 140, 8.
3 Pine forest,  gravelly

loam, Georgia.. .. Trace 220 .08 5.0 Trace 5. 0. 3 R
4 Apple orchard, loam,

Washington ....... .04 L340 0% 5.0 . 280. 275, 190. +0.
i3 Apple orchard, heavy

clav, Virginia ...... Trace 160 02 9.0 7u. 320, 311, 230, T4
i Cotton field,  sandy

loam, Oklinoma .. 18 RO .04 11.0 0. 240. 229, 190. 8.
5 Water me'ons, sandy

loam, North Carolina Trace 163 14 70 46. 6. —1. —30. 19,
s Cotton field, sandy

ioam, Texas ...... 12 160 Trace 7.0 0. 240, 233 190. ax.
PoCotton field, clay

lvam, Georgia .. .. Trace 152 Trace 14.0 60. 240. 226. 180, 1,
w Corn freld, clay,

North Carolina . ... 16 112 Trace 6.0 70. 369. 334, 290, ],
ol Tobacen ficld,  sandy

loam, N. Carolina. .. Trace .100 12 3.0 20. 3. 0. —17, o,
o2 Vinevard, elay loam,

Califorma ... ..., Trace Trace  30.00 4.0 24, 4. o —20. 20.
et AMalfa feld, sandy

loam, California .. A4 .100 26.00 4.0 46. 40, 36. —t. s
wosmallgrean, sy

loam, California .. LNX 320 32 6.0 70. 160. 154, 90. ]
“Catton feld, sandy

lsam. Arkansas .. .. .ot 132 3000 4.0 24, 120. 116. 96. 62.
fUeae fehll clay Joam,
O OKlabhoma Lo AN 18 136 .26 40.0 1.26. 240, 200. 114 <X
toalived  oreharnd, sl

e, Califorvma, 1.80 1.804 7400 120.0 140. 200, 80. 60. o,
Pl orehard, simnly

loam,  California. ... o REN] 74,00 T4 40, s0. 426 10 3.
UV snil, clay, Cals-
o 0T . Trace 100 8% 2.0 3o, 480, 478, 430, RS
“hmall wram, o black
Lelbes Califoania Lo 140 60 04 30 34 640, 633, 606 10.
 Raw cactus land, sand
Comdwravel, Calif. Trace 120 32 0.0 12 0, 0. =12, 6.
: \LH"\‘:\M. sandy loam,
o Cabformia L. 0L . 0.0 120 .10 7.4 70. 320. 3126 250. 8.
PNugar o heets,  sandy

loam, Kansas ... ... 1.20 .260 a2 20.0 160. 700, 674, 540. 2.000.

Nos. 67 and 08 each produced 74 p. p. m. of nitrite nitrogen
and Nos. 62, 63, and 65 gave 30, 26 and 30 p. p. m. respectivelyv.
In the writer's opinion, these are to be regarded as an indication of
mterrupted and retarded nitrification rather than of reduction.
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The maximum net gain made by any soil in this series was (oh
p. p- m. of nitric nitrogen by No. 70, the California black adobe; the
average for all positively reacting samples was 214.76 p. p. m. and the
minimum § p. p. m. by No. 53.

; Serigs VII. Driep Broop
Dried blood was employed as the nitrifiable substance in Series
VII. Here also we have an increase in the number of soils yielding
comparatively large gains; it will be remembered that the first series
gave three such and the next, six, while the present one contains eight.
Evidently the nitrogen of the dried blood responded more readily to the

TABLE NO. 7.—Nitrification of Dried Blood by Foreign Soils.

Air-dried Soil as Nitrites and Nitrates from 100 m.g. Nitrogen as Dried Blood.
Duration of Experiment: 6 Weeks at 28 Degrees C.

Nitrogen as nitrites Nitrogen as nitratcs Chlorix
Number of Sample and in parts pj&mllllon - in parts T million p,lpn_ N
D s Check  Check Dried blood Check Check Dried blood Total Net
escription at at added at at added gain  gain
begin. end begin. end
52 Corn field, clay loam,
hio v vvenivinennns .002 176 .04 7.0 60. 480. 473. 420. 3
53 Pi forest, ravell
ll::m, rGeo'rg‘i"a. .. y Trace .220 .14 5.0  Trace 6. 1. 6. 78
54 Apple orchard, loam, )
Washington ....... .04 L340 .80 5.0 90. 210. 205. 120. 40,
55 Apple orchard, heavy N
clay, Virginia ...... Trace 160 .056 9.0 70. 720. 711, 650. i
56 Cotton field, sandy
loam, Oklahoma .18 .168 12 11.0 50. 80. 69. 30. 3
57 Water melons, sandy
loam, North Carolina Trace .168 12 7.0 46. Trace —7. —46. 10.
58 Cotton field, sandy
loam, Texas ...... 12 .160 .06 7.0 50. 200. 193. 150. 9%
59 Cotton field, clay
loam, Georgia .... Trace .152 12 14.0 60. 240. 226. 180. 106.
60 Corn field, clay,
North Carolina .... .16 112 072 6.0 70. 560. 554. 490. 13
61 Tob field, d
loam, N. Catolina...  Trace  .100 18 3.0 20, 0. —3 —20. 6
62 Vi d, cl loam, §
ér;?i};’z:—nia ¢ ay . ,ct m Trace Trace Trace 4.0 24. 180. 176.  156. %
lfalfa field, d
63 Alaa B ™™ o4 100 5.00 40 4G 20. 16. —26 :
64 Small rain, sand
)rg:m, gCaI‘i?ornia Y .88 .320 .32 6.0 70. 640. 534.  S70. &
65 Cotton. field, d .
c]?)arglr,1 Arlfansassa.rf v .60 .132 30.00 4.0 24. 110. 106. 86. b
66 Cane field, clay loam,
Oklahoma ......... .18 .136 .40 40.0 126. 180. 140. 54. b
67 Mixed orchard, silt -
loam, California 1.80 1.800 44.00 120.0 140. 220. 100. 80. ‘
68 Plum orchard, sandy g
loam, California.... .26 .140 70.00 7.4 40. 80. 72.6  40. :
69 Virgin soil, clay, Cali- §
fornia ............. Trace .100 .60 2.0 30. 280. 278. 250.
70 Small ~rain, black "
adobe, California .... 1.40 .160 .20 5.0 34. 640. 63S. 606. -
71 Raw cactus land, sand .
and gravel Calif. Trace .120 .32 0.0 12. 10. 10. —2. '
73 Vineyard, sandy loam, .
California ......... 0.00 120 .52 7.4 70. 400. 392.6 330.
74 Sugar beets, sandy + 000
loam, Kansas ...... 1.20 .260 .96 26.0 160. 760. 734, 600. PR

nitrifying agents than did the nitrogen of the ammonia salts; whether
this was due to its being present in a more available form or whether
the additional food material in the blood stimulated microbic activity
can only be conjectured.

Nitrogen in Parts Per Million o
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Of the twenty-two soils under examination, cighteen or 81.82 per
cent. gave gains in nitric nitrogen from the dried blood; four or 18.18
per cent. produced less than the controls.

e eight samples which made the largest gains were Nos. 52, 55,
fo, 04, 09, 70, 73, and 74 ; four came from California, one from Kansas,
one from North Carolina, one from Virginia, and one from Ohio;
five of these are the same that gave the high yields in the preceding
series, while Nos. 52 and 64 are new ones to the list.

Soil No. 60 presents a very interesting case in its behavior toward
the different forms of ammoniacal and proteid nitrogen. With the sul-
phate it gave less nitric nitrogen than the control; when associated
with the carbonate, a gain of 290 p. p. m. over the check resulted; and
from the dried blood, it produced 490 p. p. m., a very nice illustration
of the relative availability of the different nitrogenous compounds for
the nitrifying flora of a given soil. Essentially the same relations are
brought out in No. 55.

Nos. 57, 61, 63 and 71 all produced less nitrate mitrogen than
their controls; these behaved ‘similarly in the preceding series. Nos.
57 and 61 show evidence of some reduction. With Nos. 63 and 71, the
negative results appear to be due to retarded nitrification rather than
denitrification since some gain has been made over the initial nitrogen
of the control but not as much as in the control at the end of the experi-
mental period.

Nos. 67 and 68 gave high nitrites here as in the preceding series
and what was said there in this connection will apply equally to the
present results.

The maximum gain in nitric nitrogen from the dried blood was
made by No. 55 with 650 p. p. m.; the average for the positively react-
ing soils was 207.39 p. p. m. and the minimum gain 6 p. p. m. by No. 53.

SUMMARY OF FOREIGN SOILS

Seventeen or 77.27 per cent. of the soils under study were able to
convert the nitrogen of ammonium sulphate into nitrate nitrogen; the
same per cent. accomplished this transformation with ammonium car-
bonate and eighteen or 81.82 per cent. with dried blood.

The largest total amount of nitric nitrogen was produced from the
dried blood : the next largest from the ammonium carbonate, and least
liom the ammoniam sulphate.

The largest amount of nitric nitrogen produced by any one soil
from ammonium sulphate was 640 p. p. m. by No. 74, a sandy loam
from Kansas; from ammonium carbonate, it was 606 p. p. m. by No.
70, California black adobe ; from dried blood, it was 650 p. p. m. by Na.
55, a heavy clay from Virginia. It is a significant point that the high-
est vields from both of the salts were obtained by western soils, while
the best return from the dried blood was secured by a southeastern
sample. Without exception all of the soils from the southeastern part
of the United States made their largest gains from the dried blood:
those from Washington, Oklahoma and Texas gave the best results
with ammonium carbonate; Arkansas and Kansas (also Colorado)
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with amuonium sulphate, while the California samples were divided
among the three substances. The fact that these soils upon the basis
of their ability to produce nitric nitrogen from different nitrifiable ma.
terials fall into more or less well defined natural geographical groups,
suggests rather strongly the presence of a nitrifying flora in each
group, distinct to a greater or less degree from that of another group.
Further evidence in support of this view is to be had in the sequence in
which the different nitrifiable substances yielded nitric nitrogen in the
different groups. All of the southeastern samples, that reacted pos-
itively, responded in the following order: Dried blood, ammonium car-
bonate, ammonium sulphate. The Texas-Oklahoma group gave this
sequence : Ammonium carbonate, dried blood, ammonium sulphate. The
Colorado samples constitute a third class, in which the prevailing order
is ammonium sulphate, ammonium carbonate, dried blood. The nun-
ber of samples in the first two groups is too small to warrant any
positive assertions along this line, but the results are certainly sugges-
tive.

Seven of the nine or 77.77 per cent. of the soils that made the largest
gain in nitric nitrogen from dried blood gave second place to ammonium
carbonate and third place to ammonium sulphate; seven out of seven or
100 per cent. of those that produced most from ammonium carbonate
followed next with the dried blood and then the ammonium sulphate:
three of the five or 60 per cent. of those that gave first place to am-
monium sulphate, followed with dried blecod and then ammonium
carbonate.

The average amount of nitric mitrogen produced by a positively
reacting soil in each series was as follows: Ammonium sulphate, 152.82
p. p- m.; ammonium carbonate, 214.76 p. p. m.; dried blood, 267.3¢
p. p. m.; check 47.08 p. p. m.

The average amount of nitric nitrogen produced by a foreign soil
in each series, all samples taken into consideration, positive and nega-
tive, was as follows:

Ammonium sulphate, 110.36 p. p. m.; ammonium carbonate, 161.03
p. p- m.; dried blood, 214.72 p. p. m.; check 44.93 p. p. m.

Considering the positively reacting soils in each series or those
which showed an increase in nitric nitrogen over the checks, we find
that 29.41 per cent. made their largest gains from ammonium sulphate.
41.48 per cent. from the ammonium carhonate; 50 per cent. from the
dried blood; 29.41 per cent. made their second highest gains from am-
monium sulphate; 35.20 per cent. from ammonium carbonate and 44.44
per cent. from the dried blood.  41.18 per cent. produced their third
largest yields from the ammonium sulphate ; 22.22 per cent. from the am-
monium carbonate and 5.56 per cent. from the dried blood. The re-
sults point clearly to dried blood as the most fertile source of nitrogen
for the formation of nitrates by the majority of the foreign soils; am-
monium carbonate comes second and ammonium sulphate last.

22.73 per cent. of the soils produced less nitric nitrogen in the
presence of the ammonium sulphate than the controls; 22.73 per cent.
gave less with the ammonium carbonate than the checks, and 18.18 per
cent. yielded less from the dried blood than the controls.
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COMPARATIVE SUMMARY OF COLORADO AND FOREIGN
SOILS.

A comparison of the nitrifying efficiencies of these two groups of
soils, taken as integrals, shows at a glance that the Colorado samples
are superior to the others in their power of converting ammoniacal
and proteid nitrogen into nitric nitrogen.

Considering only those soils that gave a positive reaction for nitri-
fication, we find that the average net gain in nitric nitrogen made by a
Colorado soil from ammonium sulphate was 672 p. p. m., while that of
a foreign sample amounted to only 150.82 p.p.m.; again, the former
TABLE NO. 8.—Increase in Nitric Nitrogen in Colorado Soils and Foreign Soils Without

the Addition of Any Nitrifiable Substance. .Nitrogen in Parts Per Million of Air-dried Soil.
Duration of Experiment: 6 Weeks at 28 Degrees C.

Colorado Soils Foreign Soils
A A ~
Sample Sample
No. At beginning At end Net gain No. At beginning At end Net gain
75 7. 64. S7. 52 7 60. 53.
76 54, 110. 56. 53 S Trace —5.
77 26, 76. 50. 5+ s. 90. 85.
78 140, 140. 0. SS 9. 70. 61,
79 S. 66. 61. 56 1L 50. 39,
80 13. 50. 37. 57 7 46. 139,
81 1360. 1360. 0. S8 7. 50. 43.
82 46. 120. 74. 59 14. 60. 46.
83 6. 100. 94. 60 & 70. 64.
84, Trace 68. G8.— 61 3 20. 17.
85 6. 60. 54, 62 4. 24. 20.
86 130. 240. 110. 63 4. 46. 42.
87 6. 40. 34. 64 6 70. 64.
88 70. 100. 30. 65 4. 24, 20.
89 180. 260. 80. 66 40. 126. 86.
90 13. 60. 47. 67 120. 140. 20.
91 Trace 40. 40.— 68 7.4 40, 32.6
92 320. 320. 0. 69 2. 30. 28.
93 4. 48, 44, 70 S. 34, 29.
94 34, 92. 58. 71 0. 12, 12.
95 600. 640. 40. 73 7.4 70. 62.6
96 20. 60. 40. 74 26. 160. 134.
97 20. 132, 112,

yielded 520.88 p. p. m. from ammonium carbonate and the latter but
214.76 p. p. m.; from dried blood the Colorado soils averaged 431.50 p.
p. m. as compared with 267.39 for the other series. This means that
the Colorado samples produced an average of §21.18 p. p. m. or 345.56
percent. more nitric nitrogen from ammonium sulphate than the other
solls; that they yielded an average of 306.12 p. p. m. or 142.54 per cent.
more from the ammonium carbonate, and 164.11 p. p. m. or 61.37 per
cent. more from the dried blood. (See Plate I1.)

The maximum net gain produced by a Colorado soil from ammonium
sulphate amounted to 972 p. p. m., while the highest foreign (1)

(1) ansm.\qh as the Kansas soil is in all essentials a Colorado soil, it has not been
considered in this comparison.
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yield was 526 p. p. m.; from ammonium carbonate, the largest net gain
by a Colorado sample was 1148 p. p. m., by a foreign soil, 606 p. p. m.:
from dried blood the former gave 820 p. p. m., the latter 650 p. p. m.
(See Plate 1.)

In looking over the net gain columns of the Colorado tables one
sees but few positive results under 300 p. p. m. and many above 500
p. p- m. with the exception of the ammonium chlorid series. On the
other hand, an inspection of the corresponding columns of the foreign
group shows many figures between 20 and go p. p. m. and only a few
above 250 p. p. m.

A comparison of the average gains in the two sets is given in
Tables g and 10.

The second conspicuous difference between the two series we find
in their inverse ability to nitrify the different materials placed at their
disposal. To illustrate—52.94 per cent. of the Colorado samples made
their largest net gains in nitric nitrogen from ammonium sulphate as
compared with 29.41 per cent. of the others; 33.33 per cent of the soils

TABLE NO. 9.—Average Net Gain in Nitric Nitrogen by Positively Reacting Colorado
and Foreign Soils in Parts Per Million of Air-dried Soil.

Nitrifiable substance added: Nothing (NHV}):SO4 (NH4)2CO3 Dried Blood
Colorado Soils.............. 59.30 672.00 520.88 431.50
Foreign Soils............... 47.08 150.82 214.76 267.39
Excess of Colorado Snils aver

Foreign Soils ............ 12.22 521.18 306.12 164.11
Gain per cent. by Colorado

Soils .......... ... ..., 25.95 345.56 142.54 61.37

TABLE NO. 10.—Average Net Gain in Nitric Nitrogen by Colorado and Foreign Soils
in Parts Per Million of Air-dried Soil, all Samples Considered.

Nitrifiable substance added: Nothing (NI—I*)QSO4 (N}I»I)ZCO.’} Dried blood NHJCI

Colorado Soils.............. 51.30 484.26 398.34 341.30 56.80
Foreign Soils............... 44.93 110.36 161.63 214.72
Excess of Colorado Soils over
Foreing Soils............. 6.37 373.90 236.71 126.58
Gain per cent. by Colorado
Soils ...l 14.17 338.80 146.45 38.95

from Colorado produced their highest yields from ammonium carbon-
ate as against 35.29 per cent of the others; 30 per cent. of those from
Colorado made their maximum gains with dried blood as compare‘d
with 44 per cent. of those from outside of the state. From this, it 1s
very clear that the majority of the Colorado soils nitrify ammonium sul-
phate most readily and dried blood least easily, whereas exactly the
opposite is true of the foreign samples—ammonium sulphate least easily
and dried blood most readily. (See Plate III.)

The superior nitrifying efficiency of the Colorado soils and the
inverse relation of their nitrifying power to that of the foreign samples
suggest the following: )

1. The conditions for nitrification in Colorado soils are superior
to those found in the other soils.
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. Colorado soils possess a vigorous nitrifying flora.

g The nitrifying flora of the Colorado soils is distinct from that
found elsewhere; it 1s either made up of entirely different organisms,
or, if the same organisms, they have become so changed by their en-
vironment that they behave like different strains.

CONCLUSIONS

Many cultivated soils of Colorado contain a vigorous nitrifying
flora capable of transforming ammoniacal nitrogen into nitrate nitrogen.

Both our normal soils and those i the incipient stage of the niter
trouble possess this power in a very marked degree.

Compared with soils from twenty-two other localities outside of
the state, the Colorado soils examined are very superior in nitrifying
eificiency.

The nitrifying cificiency of Colorado soils bears an inverse re-
lation to that of the foreign soils when referred to ammonium sul-
phate, ammonium carbonate and dried blood as the nitrifiable sub-
stances,

Colorado soils produced their highest average gains in nitric
nitrogen from (NH.):SO:; the next largest from (NH.).CO. and
the lowest from dried blood. The foreign soils produced their largest
average yields in exactly the reverse order.

The nitrifying flora of the Colorado soils is distinct from that
iound in the majority of the foreign samples; it is either
made up of entirely different organisms, or. if the same or ganisms,
thev behave like different strains.

Excessive nitrates do not appear to interelere seriouslv with
nitrification provided the chlorin is low.

Excessive chlorin, with or without excessive nitrates, inhibits
aitrification. '

Active nitrification takes place in the brown crust from the
niter spots provided the chlorin is not excessive.
~ The sample of raw adobe clay examined was deficient in nitrify-
g cfficiency.

The results of this study together with those of our two previous
mvestxoatxovnq justify the position that the excessive nitrates present
in certain Colorado soils have resulted from the combined action of
nitrogen-fixing, ammonifyvirg and nitrifving organisms.
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