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CONCLUSIONS

The data accumulated during the investigations herewith reported
are adequate to permit of the following definite conclusions:
1. Spots of the type herein described are found in wheat fields
throughout Kansas.
2. The growth of plants, as measured in terms of height and
dry weight, on such areas is significantly greater than upon equal
areas immediately adjacent.
3. The percentage and total quantity of nitrogen contained in
the plant material from such areas are much greater than that in the
material from equal areas immediately adjacent.
4. The plants in such spots are equally resistant to lodging.
5. The quantity of grain maturing upon such spots is very much
greater than that maturing upon equal adjacent areas.
6. The protein content of the grain from such spots is significantly higher than that of the field a t large.
7. The nitrogen content of the soil from such spots is significantly
higher than that from adjacent soil.
8. The nitrate content of soil from the spots is on the average
several times as great as that of adjoining soils.
9. Soil from such spots is capable, under laboratory conditions,
of accumulating nitrate nitrogen from its store of nitrogen very
much more rapidly than is the surrounding soil.
10. There is no deficiency in the nitrifying flora of soil adjacent
to the spots, and the ability of soil from spots to accumulate nitrate
nitrogen more rapidly is apparently associated with the quantity and
quality of the excess nitrogen contained therein.
11. Spots, apparently identical in every respect with those occurring naturally, can be induced experimentally in fields exhibiting
natural spotting, by the judicious surface application of nitrogen.
12. The application of nitrogen will not induce the development
of spots in fields in which spots will not occur normally.
13. Typical spotting under Kansas conditions is due to deposits
of urine by grazing animals, and the nitrogen in the urine is the
factor responsible for the development of the spot.
14. The experimental surface application of nitrogen to wheat on
soils subject to spotting may result in any one of the following conditions, depending upon the time and quantity of nitrogen applied:
a. No appreciable effect with light summer or fall applications.
b. Increased yield and decreased protein content with medium
fall and light to medium early spring applications.
c. Increased yield and increased protein content with medium t o
heavy fall and early spring applications.
d. Decreased yield and increased protein content with very heavy
fall and early spring applications.
e. Marked increase in protein content and slight effect upon
yield with light t o medium late spring applications.
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NITROGEN-THE MAJOR CAUSE IN THE PRODUCTION OF SPOTTED WHEAT FIELDS1
P. L. GAINEY, M. C. SEWELL,

AND

H. E. MYERS

INTRODUCTION

During the past 25 years the Kansas Agricultural Experiment
Station has endeavored in its research activities to follow as far as
practicable any clue which might throw light on the relation of soil
nitrogen to wheat production, particularly in those parts of the state
where the precipitation is relatively small.

In the small-grain fields of Kansas there are frequently observed
well-defined spots on which the growing grain is darker green in
color and apparently growing much more vigorously than that of
the surrounding areas. So abundant are these spots in the eastern
half of Kansas that some fields present a polka-dot appearance as
is shown in figure 1. Such spots are not peculiar to Kansas, having
been reported by Lipman 2 in California, and observed by the senior
writer in several states of the Union, in Canada, and in both eastern
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and western European countries. These spots are ordinarily two to
three feet in diameter, circular or oblong in shape, and frequently
the immediate central portion of the area is either void of plants or
contains only badly-stunted specimens. In a typically spotted field,
when the plants are in the booting stage, such spots are easily visible
a half mile away. They are more frequently observed in fields that
have been grazed and are commonly attributed to deposits of feces
or urine. They seem to occur upon heavy potentially fertile soil as
frequently as upon light unfertile soil. They are found most frequently in low-lying areas more or less poorly drained. The general
appearance of the spots, together with their supposed origin, indicates that they might in some way be connected with the nitrogen
metabolism of the plants, hence, the undertaking of the studies
herein reported.
Some preliminary studies were conducted as early as 1916, and
during the spring and summer months of the years 1929 to 1934 the
studies were extended as far as the problem and facilities would
seem to justify. The primary objects of these studies were to determine: (1) The rôle, if any, that available nitrogen plays in the
production of the spots; (2) in case available nitrogen was found
to be a factor, to ascertain why more nitrogen became available in
the soil of the spot than in the soil immediately adjacent to i t ; and
( 3 ) t o measure the relative yield and quality (as indicated by the
protein content) of the grain produced on the spot as compared
with that on the area immediately surrounding it. Two previous
short reports,3 involving a limited amount of the data have been
presented.4 The present paper includes either the complete data or
such summaries of the experimental data as seem essential in a final
report.
The experimental work has been directed along three main lines
of inquiry: (1) The collection and analysis of actively-growing
plant material and soil, and the bacteriological examination of soil
from naturally-occurring spots and from immediately adjacent
areas. (2) The collection and analysis of mature wheat plants from
spots and areas adjacent thereto. (3) The experimental production
of spots; and the collection and examination of both growing and
mature plants and soil therefrom. It seems best to present the data
secured under these three headings.
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STUDIES CONDUCTED UPON GROWING PLANT MATERIAL AND
SOIL COLLECTED FROM NATURALLY OCCURRING SPOTS
METHODS

The Collection of Material.—For these studies plant material
and soil were collected from typical spots and from the area immediately adjacent to them (always within a radius of five feet).
Not many samples could be handled a t any one time, particularly
when bacteriological studies were being made. This necessitated
spreading the collection of material over the active growing period.
As a result, the stage of development of plants when collected varied
from the beginning of jointing to full bloom. As is shown in figure 2,
samples were taken from many fields over a wide territory. In all,
172 samples from 38 counties have been studied, and with the excep-

tion of the small number of 1934 samples, taken purposely from the
same field, each sample represents an entirely different field or set
of conditions.
The samples taken from the spots are designated as G (good) and
those taken immediately adjacent thereto as P (poor). Since spots
frequently occur in productive soils the designation good and poor
should be used literally only in comparing a G soil with its corresponding P sample. Measured in terms of growing grain the P
samples collected in some fields were far more productive than G
samples collected in other fields.
The exact technic followed varied somewhat for different seasons.
Most of the samples studied in 1929 and 1930 were collected a t considerable distances from Manhattan, hence, laboratory studies could
not be made for several days. This necessitated, in the case of soil
to be analyzed for nitrate nitrogen, some treatment to prevent, as
far as possible, changes in the nitrate content during the time elaps-
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ing between sampling and analysis. At the same time i t was desired
to make certain bacteriological tests. Obviously, bacteriological
tests could not be conducted upon soil to which a preservative had
been added. To overcome these difficulties two samples of soil were
taken from the spot and the adjacent area in 1929 and a heavy
application of toluol was mixed into one of the duplicates. Waxed
ice cream cartons were used as containers and were found to prevent
rapid loss of moisture effectively. If the soil was dry enough to
handle with a soil tube, one was used; otherwise, a garden trowel
was employed in securing the sample of the soil. I n either case the
sample was a composite of a number of smaller samples, usually
not less than five, taken to a depth of 6 to 7 inches. The samples
collected in 1930 were not submitted to any bacteriological tests,
hence the nontoluol treated samples were omitted. The samples
collected in 1931, 1932, and 1934 were all taken within a radius of
100 miles of Manhattan, making it possible t o initiate laboratory
studies within a few hours after the samples were collected and to
utilize the same sample for both chemical and bacteriological studies.
Experience has shown that the change in the nitrate content of soils
with relatively low organic content during a period of 24 hours is
negligible.
The growing plant material was collected in 1929 by pulling plants
from the spot and immediately adjacent, thus including the crown
and such roots as adhered. The plants were not pulled from a
definite area, but after reaching the laboratory the soil was carefully
washed from the roots and the number of plants counted, thus making i t possible to calculate the dry material and nitrogen per single
plant. Since, in general, there was no marked variation in the stand
of plants in the spot as compared with the adjacent areas, a comparison on the individual plant basis is more or less comparable t o a
comparison based upon a unit area. In all subsequent collections
the plants were cut just above the surface of the ground over a
measured area, usually from the same drill rows within and without
the spot, care being taken to select spots where a uniform stand
existed both in and immediately adjacent to the spot. Height-ofplant measurements were made before the plants were collected.
Chemical Analysis.—As soon as possible after the soil reached
the laboratory the moisture and nitrate (NO3) contents were determined, the former by drying a t 110º C. and the latter by the phenoldisulphonic acid colorimetric method in which a Dubosque colorimeter was employed. The soil remaining after the moisture and
nitrate determination and bacteriological examinations were made
was spread in a thin layer and dried a t room temperature. Later
an aliquot was ground in a ball mill and total nitrogen determinations made by the Kjeldahl method.
The plant material was dried a t room temperature, weighed,
ground to a fine powder, and the moisture and total nitrogen contents determined as in the case of the soil.
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Bacteriological Examinations of Soil.—In the studies conducted by Lipman on soil collected from spots, presumably similar
to and probably of the same origin as those under discussion, the
conclusion was reached that the higher productivity of the spot soil
was due to its more efficient nitrifying flora. It, therefore, seemed
desirable to conduct tests upon these soils to ascertain if the efficiency of the nitrifying flora played any rôle in the higher productivity of soil from the spots. To this end the fresh soil was passed
through a coarse sieve (three meshes per centimeter) and the moisture content and water-holding capacity then determined. Duplicate
samples, the equivalent of 100 grams of dry soil, were weighed into
wide-mouthed, cotton-stoppered bottles and sufficient water added
t o bring the moisture content up to two thirds saturation. These
samples were held a t room temperature for four to six weeks, the
moisture lost through evaporation being replaced weekly. After
incubation the nitrate content was determined. The nitrate content
after incubation, minus the initial nitrate, is designated as the nitrate
formed from the soil's store of nitrogen. Experiments of this kind
were conducted on the 1929, 1931, and 1932 samples.
In addition, duplicate bottles of the 1931 and 1932 samples were
treated as just described except that one gram of cottonseed meal
containing 7 percent nitrogen was thoroughly mixed into the soil.
After four to six weeks of incubation (incubation of P and G samples
always being of the same duration) these samples were analyzed for
nitrates. The difference in the nitrate content between the incubated
samples containing cottonseed meal and those containing no cottonseed meal has been designated as the nitrates formed from added
nitrogen.
The 1931 and 1932 samples of soil were examined for Azotobacter
and their ability to fix nitrogen measured by spreading 0.5 or 1 gram
soil uniformly over the surface of a Petri dish containing 20 c.c.
mannite agar, prepared from carefully washed agar, and incubating
a t 28° C. The relative density of the Azotobacter flora as indicated
by the colonies developing in the plate was recorded, and after incubation the nitrogen content measured and the nitrogen fixed computed by deducting the nitrogen content of similarly treated unincubated controls. The 1931 samples were incubated 1 4 days, but
subsequent studies (Gainey and Briscoe5) indicated that a much
shorter incubation period would probably give a better differentiation
between low and high nitrogen fixing abilities, therefore, the 1932
samples were incubated four to seven days. This procedure is designed to facilitate fixation of nitrogen by the Azotobacter group of
organisms and probably is inaccurate for all other types, hence, only
those samples from which Azotobacter developed in the P or G
samples are included in the records.
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RESULTS

The data obtained from this phase of the work are presented in
Tables I and V and summarized in Tables VII and VIII.
Data from the 1929 Studies.—Samples of growing grain and
soil were collected from 38 fields in the spring of 1929. (Table I.)
The fields from which they came were distributed over 19 counties.
The average height of the G plants was 17.1 inches and of the P
plants 8.4 inches, the former being taller than the latter in every
comparison. The average weight of the G plants was 2.32 grams and
of the P plants 0.87 gram, there being only one instance in which
the weight of the P plant exceeded that of the G.
The percentage of nitrogen in the P plants ranged from 0.82 to
2.10, with an average of 1.43, while the corresponding values for the
G plants were 1.74 to 3.97 and 2.63. Without exception, the percentage nitrogen of the G sample exceeded that of the P sample.
There were only five instances in which the nitrogen of the P sample
exceeded 1.9 percent, while there were only four G samples with a
nitrogen content lower than this value. The average weight of the
G plants was 2.67 times that of the P plants, and the average percentage nitrogen of the former was 1.84 times that of the latter.
Therefore, the average quantity of nitrogen removed from the soil
occupied by a G plant was 4.91 times that removed from a corresponding area occupied by a P plant. I n spite of this large excess
in the quantity of nitrogen removed from the G soil it still contained
approximately 2.6 times as much nitrate nitrogen as the P soil, the
average NO3 content being 52.4 and 20.2 p. p. m., respectively.
When the two soils were made up to optimum moisture content
and placed under identical incubation conditions the average increase in the NO3 content of the P soils was 137.4 and in the G soils
465.3 p. p. m. In other words, the G soil was able to accumulate
NO3 3.45 times as rapidly as the P soil when the two were placed
under identical laboratory conditions for a limited period of time.
The difference was in favor of the G soil in 33 out of the 38 comparisons.
The G soils contained on the average 11 percent more nitrogen
than did the P soils, the average for the P soil being 0.1289 and for
the G soil 0.1434 percent. The nitrogen content of the G soil was
higher than that of the P soil in 34 of the 38 comparisons.
Data from the 1930 Studies.—Samples were collected from 40
fields in 21 counties during the early summer of 1930. (Table II.)
I n every instance except one, the plants collected from the spots
were taller than the surrounding plants, averaging for the G plants
23.5 and for the P plants 16 inches. I n the single exception the two
were recorded as of equal height. In every comparison the weight
of the G plants exceeded that of the P plants, the former averaging
23.4 and the latter 66.3 grams. Furthermore, the percentage of
nitrogen in the G plants was invariably greater than that in the
P plants, the former varying from 1.295 to 3.705 and averaging
2.457 percent, while the latter ranged from 1.01 to 2.47 and averaged
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1.572 percent. There were only three of the P samples in which the
nitrogen content exceeded 1.9 percent, whereas, only seven of the
G samples contained less than that amount.
Since the average weight of dry matter from the G area was 2.83
times that from the P area and the nitrogen content of the G plants
was 1.56 times that of the P plank, the G plants had actually absorbed 4.41 times as much nitrogen as the P plants growing upon
an equal area.
The average NO3 content of the P soil was 11.3 p. p. m. and the
corresponding value for the G soil was 39.2. The G values exceeded
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the P values in 38 of the 40 comparisons, the average NO 3 content
of the G soil being 3.47 times that of the P soil.
The average nitrogen content of the P soils was 0.1379 percent
and of the G soils 0.1486 percent. There were 11 instances among
the 40 comparisons in which the nitrogen content of the P soil exceeded that of the G soil. No samples of soil were incubated during
the 1930 season.
Data from the 1931 Studies.—During the early summer of 1931,
samples were collected from 43 fields (Table III) in 11 counties, all
within a radius of 100 miles of Manhattan. I n every one of the
36 possible comparisons (growth being so small in seven fields where
samples were collected during the early part of the season that no
plant material was obtained) the height and weight of plants from
the spot exceeded that from the surrounding area, the average height
P being 11.9 and G 20.7 inches and average weight P being 39.5 and
G 114.9 grams.
The nitrogen content of the P plants ranged from 0.8 t o 2.83
percent and averaged 1.55 percent, while that of the G material
varied from 1.22 to 4.1 percent and averaged 2.56 percent. There
were only three samples in which the nitrogen content of the P
material exceeded 1.9 percent and only four G samples in which the
nitrogen content was lower than that amount. Since the nitrogen
content of the G plants was 1.65 times that of the P plants and the
weight 2.91 times as great, i t is evident that plants growing upon
the G soil had removed 4.8 times as much nitrogen per unit area as
those growing upon the P soil. I n spite of the fact that 4.8 times
as much nitrogen had been removed from the G as from the P soil,
the soil from the spots still contained an average of 47.6 p. p . m .
NO 3 as compared with an average of 6.5 p. p. m. in the surrounding
soil. There were only five of the 43 comparisons in which the NO,
content of the P soil exceeded that of the G. I n one case they
were the same.
When the P and G soils were compared as to their ability to accumulate NO 3 from their own stores of nitrogen by incubating them
under identical conditions for four weeks, the average accumulation
in the P soil was found to be 69.7 p. p. m. as compared with 275.8
p. p. m. in the G soil. I n only three of the 42 comparisons did the
NO3 accumulation in the P soil exceed that in the G soil. When the
abilities of the P and G soils to accumulate NO3 from added nitrogen
(cottonseed meal) are compared by substracting the NO3 present
in incubated samples receiving no added nitrogen, from that present
in incubated samples receiving an addition of nitrogen, the average
value for the P samples was 1,040.9 p.p.m. and that for the G
samples was 1,004.5 p. p. m. Furthermore, in 22 of the 42 comparisons the accumulation of NO3 from added nitrogen was greater
in the P soil than in the G soil.
Again as in the two preceding seasons, the average nitrogen content of the G soil, 0.1555 percent, exceeded the average nitrogen
content of the P soil, 0.1447 percent, the difference being approxi-
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mately 7.5 percent. In only two of the 43 comparisons did the
nitrogen content of the P soil exceed that of the G soil.
An effort was made during the 1931 studies to measure the nitrogen fixing abilities of the P and G soils by spreading weighed
quantities of soil, one gram, over the surface of mannite agar plates
and counting the colonies developing after varying periods of incubation. After incubation total nitrogen determinations were made
upon the contents of the plates and by deducting the nitrogen found
in unincubated controls a measure of the nitrogen fixing abilities of
the various soils was obtained. Only 27 of the samples compared
in 1931 showed the presence of Azotobacter. Of these the G soil
fixed the larger quantity of nitrogen in 13 instances. The average
nitrogen fixed per plate by the P soil was 3.45 mg. while the corresponding value for the G soil was 3.39 mg. Where differences were
evident in the number of colonies developing on the plates they were
more frequently in favor of the P sample.
Data from the 1932 Studies.—During the 1932 season samples
were collected from 44 fields in eight counties within a radius of 100
miles of Manhattan. (Table IV.) The average height and dry
weight of the plants cut from the spots exceeded that of the plants
collected immediately adjacent thereto in every comparison. The
average height of the P plants was 16 inches and of the G plants
23.4 inches; the corresponding weights of dry material were 50.8
grams for the P and 138 grams for the G material.
The P plants averaged 1.41 percent nitrogen compared with 2.18
percent for the G plants. The nitrogen content of the P plants
ranged from 0.79 percent to 2.26 percent and that of the G plants
from 1.14 percent to 3.24 percent. In no instance did the nitrogen
content of the P plants exceed that of the G plants, and in only one
sample did the nitrogen content of the P plants exceed 1.9 percent,
while in only 12 of the G samples did the nitrogen content fall below
1.9 percent; most of these 12 samples were collected late in the
season or near maturity. Inasmuch as the dry weight of the G
plant material was 2.71 times as great as that of the P material and
the former contained 1.55 times the percentage nitrogen that the
latter contained, it is evident that the G plants had removed 4.2
times as much nitrogen from a given area of soil as had the P plants.
Notwithstanding this much larger removal of nitrogen from the soil
by the G plants, the G soil still contained, on the average, 51.8
p.p.m. NO3 as compared with 2.6 p. p. m. in the P soil. Thirtyfive of the 44 P soils contained only traces of NO3 as compared with
11 of the G soils, indicating that a much larger percentage of the
P plants than of the G plants were receiving an inadequate supply
of available nitrogen. In the 33 possible comparisons of the NO3
content of the soils when collected that of the G exceeded that of
the P in all instances, except one, and in it the two were equal.
Measuring the ability of the P and G soils to accumulate NO3
from their native supply of nitrogen it was found that on the average
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the accumulation in the former was 142.1 p.p.m. and in the latter
399.2 p. p. m., or the G soil accumulated NO3 2.81 times as rapidly
as the P soil during a limited incubation period, and the accumulation in the G soil exceeded that in the P soil in 41 of the 44 comparisons. On the other hand, when organic nitrogen (cottonseed
meal) was added it was found that the transformation of this added
nitrogen into NO 3 took place just as rapidly in the P as in the G
soil, the average accumulation from added nitrogen being in the
P soil 1,156.9 p.p.m. and in the G soil 1,015.1. I n only 13 of the
44 comparisons did the accumulation of nitrate nitrogen from added
nitrogen in the G soil exceed that in the P soil.
The average nitrogen content of the P soil was found to be 0.1428
percent and that of the G soil 0.1528 percent, the latter exceeding
the former in 38 of the 44 comparisons.
Only 25 of the 44 samples examined during 1932 gave any Azotobacter development. The average nitrogen fixed per plate by G
soils was 1.62 mg. and by the P soils 1.93 mg. These samples were
incubated only three or four days, compared with two weeks for the
1931 series, hence, the lower quantity of nitrogen fixed. As was
expected, however, the differences in the quantities of nitrogen fixed,
where differences appeared in the density of the Azotobacter flora,
were more marked with the shorter incubation period. Again, where
differences appeared in the density of the Azotobacter population
the higher values were more frequently found in the P soil than
in the G soil.

Data from the 1934 Studies.—No material was collected from
P and G areas in 1933. In the early summer of 1934 a limited
number of collections were made of plant material from P and G
areas in the same field (Table V ) , primarily for the purpose of
determining the uniformity in the composition of material collected
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under more or less similar conditions and also for comparison with
material collected from experimentally-produced spots.
The average weight of plant material from the P area was 62.9
grams and from the G area 123.3 grams. The nitrogen content of
the P material varied from 1.08 percent to 1.29 percent, averaging
1.18 percent, while the corresponding values for the G material
were 1.12 percent to 1.85 percent, with an average of 1.46 percent.
The quantity of nitrogen removed per unit area from the G soil by
the growing plants was 2.42 times as much as from the P soils.
DISCUSSION OF DATA SECURED FROM A STUDY OF MATERIAL
COLLECTED FROM NATURALLY OCCURRING SPOTS

A number of very interesting and significant facts are evident
from a study of the data collected in connection with this phase of
the investigation. The relative average height of the plants collected
from 158 spots was 204, 147, 174, and 141, compared with 100 for
the surrounding plants, for the four years, 1929 to 1932. The G
plants were taller in 157 of the 158 comparisons. A similar comparison of the dry weight of material collected gave 267, 283, 291,
and 271 for the corresponding years. The weight of the G material
exceeded that of the P material in 156 of the 157 comparisons.
These differences, while striking, might not be regarded as so surprising in view of the fact that the location of the spots was dependent
upon visible differences, primarily in height, and hence the more
marked such differences, the greater were the chances of a spot’s
being studied.
Of very much more significance is the consistently marked difference in the nitrogen content of the plant material collected from the
spots as compared with that of the surrounding areas. Assigning
the P material an arbitrary value of 100, the relative percentages of
nitrogen in the G material averaged 184, 156, 165, and 155 for the
four years. The percentage of nitrogen in the G material was higher
than that in the P material in 156 of the 157 comparisons. In only
12 of the 157 samples of P material did the percentage of nitrogen
exceed the arbitrarily chosen value of 1.9 percent, while in only 27
instances did it fall below this value in the G material. Especially
unexpected are these values i f it is recalled that the dry weight of
the plant material collected from the spots averaged 2.67, 2.83, 2.91,
and 2.71 times that collected from an equal area immediately adjacent. Calculating the relative quantities of nitrogen contained in
the plant material collected from the two areas it was found that the
G plants had actually removed an average of 4.9, 4.41, 4.8, and 4.2
times as much nitrogen per unit area of soil for the four years under
study as had the P plants.
An extremely interesting point in question is that of a satisfactory
explanation for this remarkable difference in the quantities of nitrogen absorbed by groups of plants growing in such close proximity
and under apparently identical conditions. Remarkable differences
have been recorded in the nitrogen content of the grain of individual
plants grown adjacent and with their roots unquestionably inter-
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mingling, but such differences have been ascribed to inherent physiological differences in the individual seeds. It is inconceivable,
however, that the observed peculiar distribution of plants, arising
from seed of the same inherent characteristics, could be obtained in
random seeding. It was hoped that the soil and bacteriological
studies conducted in connection with the plant studies would throw
some light upon this interesting question and such hopes have not
been altogether ill-founded.
Contrary to what might have been expected in view of the removal from the soil of much greater quantities of nitrogen by G
plants, it was found that the nitrate content of the G soil was consistently higher than that of the P soil. I n 144 of the 165 comparisons the nitrate content of the G soil exceeded that of the P
soil, while the reverse was true in only nine instances. In 11 of the
remaining 12 comparisons both the P and G plants had reduced the
nitrate content to such a low level that quantitative measurements
were impossible by the methods employed. In an additional 24 instances the plants had reduced the nitrate content of the P soil to a
trace, indicating an inadequate supply of available nitrogen in such
soils.
Assigning an arbitrary value of 100 for the average nitrate content
of the P soils, the relative values for the G soils were 259, 347, 732,
and 1,992 for the four years. The very high value for 1932 resulted
from the large number of P soils containing an immeasurable quantity of nitrates. It is evident, therefore, that even though four t o
five times as much nitrogen had been removed by the plants growing on the spots as those growing on the adjoining areas, the soil of
the spots still contained on the average much more available nitrogen than did the surrounding soil.
When the relative abilities of the P and G soils to transform their
stores of nitrogen into nitrate nitrogen were measured in the laboratory, an apparent explanation for the differences in the available
nitrogen supplied the plants was forthcoming. In 113 of 124 comparisons the G soil was found capable of accumulating nitrate nitrogen more rapidly than was the P soil; the average relative values
for 1929, 1931, and 1932 being 339, 396, and 281. This increased
ability to accumulate nitrates on the p a r t of the G soils might be
due, as suggested by Lipman,6 to a more active nitrifying flora. If
this were true it was believed it should be evident in the more rapid
transformation into nitrate nitrogen of added organic nitrogen. Experiments of this kind were conducted on the soils collected during
1931 and 1932. One gram of cottonseed meal (70 mg. N) was added
to 100 grams soil and the moisture content made up to optimum,
after which the soil was incubated at room temperature. The nitrate
accumulating from the soil’s store of nitrogen was deducted from
that accumulating where the organic nitrogen was added and the
net nitrate thus found regarded as having been formed from the
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added nitrogen. The average values thus obtained in 1931 were
1,040.9 and 1,004.5 p. p. m. NO3 respectively, for the P and G samples, and the corresponding values for 1932 were 1,156.9 and 1,015.1
p. p. m. NO3. Furthermore, in 1931 only 20 of the 42 comparisons,
and in 1932 only 13 of the 44 comparisons showed the accumulation
of NO, in the G soil to exceed that in the corresponding P soil.
These values certainly give no indications of the presence of a more
active nitrifying flora in the soil from the spots than from the surrounding soil.
As an additional possible explanation of the origin of the different
quantities of nitrates, quantitative measurements of the total nitrogen content of the soils were made. It was found that the G soils
contained, on the average, 11.2, 7.7, 7.5, and 7 percent more nitrogen
than did the P soils for the corresponding years. Not only were
the average percentages of nitrogen higher for the G samples, but
the differences were fairly consistent in that the nitrogen content of
the G sample exceeded that of the P sample in 142 of the 165 comparisons, or in 86 percent of the cases. This difference in the total
nitrogen content is, no doubt, adequate to explain the observed
differences in the accumulation of nitrates in the P and G soils if at
the same time i t be postulated that this small quantity of nitrogen
is in such a condition that it can be transformed more readily into
nitrate nitrogen than is the major portion of the soil's store of
nitrogen.
In an effort to determine whether the higher nitrate accumulation
in the G soils was associated with this small difference in total
nitrogen content, the data for 1929, 1931, and 1932 have been so
arranged in Table VI as to show in parallel columns the actual observed differences both in the total nitrogen content and in the NO 3
accumulation in the P and G samples. It is evident from a casuaI
observation of these data that the two are more or less associated
but that there are many marked exceptions. The correlation coefficients calculated from these values were found to be: For 1929,
0.527±0.079; for 1931, 0.843±0.030; and for 1932, 0.605 ±0.065.
Undoubtedly, the greater accumulation of nitrates in the G soils is
correlated with the higher total nitrogen content. However, a more
detailed study of certain of these data leads to the conclusion t h a t
the quantitative differences in the nitrogen content cannot alone
account for the observed differences in nitrate accumulation, as the
following facts will prove.
The P soils contained on the average 0.1393 percent or 1,393
p. p. m. nitrogen and transformed, on the average, 26 p. p. m. or 1.87
percent of this nitrogen into nitrate nitrogen (115.1 p. p. m. NO3).
The G soil contained, on the average, only 0.0116 percent or 116
p. p. m. more nitrogen than did the P soil. However, the presence of
this 116 p. p. m. nitrogen resulted in the accumulation of 59.2 p. p. m.
more nitrate nitrogen (262.3 p. p. m. NO 3 ). In other words, 59.2
p. p. m., or slightly more than 51 percent of this extra 116 p. p. m.
total nitrogen, was transformed into nitrate nitrogen. It must be
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assumed then that the average additional 232 pounds nitrogen per
acre (2,000,000 pounds of soil) in the G soil was being transformed
into nitrate nitrogen more than 27 times as rapidly as was the 2,786
pounds present in the P soil, if the observed differences in nitrate
accumulation are to be accounted for on this basis.
Again, the fact that the large number of instances in which G soils
with very low nitrogen contents accumulated large quantities of
nitrates while P soils with high total nitrogen contents accumulated
relatively small quantities of nitrates is rather convincing evidence
that the quantity of nitrogen was not the sole factor influencing the
accumulation of nitrates. One or two concrete illustrations will
suffice to emphasize this point.
In the 1931 series, sample 34 contained the lowest percentage of
nitrogen of any G samples, followed by sample 32, both containing
less than any P sample except their corresponding numbers. Yet
the accumulation of NO3 in sample 34 G was exceeded by only one
P sample and that in 32 G was more than three and one half times as
great as in any P sample, even though many P samples contained
twice as much total nitrogen as did 32 G and four times as much as
did 34 G. Another striking illustration of the same point is provided in the summary of averages of NO3 accumulation given in
Table VII. The accumulation of NO3 in the 10 G soils containing
an average of only 0.0698 percent nitrogen was 146.3 p. p.m.,
whereas the accumulation in the 33 P samples containing more than
twice as much nitrogen, that is, 0.1485 percent, was only 116.6
p. p. m. NO3. Such facts as these are numerous and can lead to only
one conclusion, that is, that the small quantities of extra nitrogen in
the G soils must have been in such a form that it was capable of
being more easily transformed into the nitrate condition than was
the remainder of the soil's store of nitrogen.
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A further analysis of the data presented in Table VII produces
evidence of the influence of both the quantity and form of the excess
nitrogen found in the G sample of soil upon the ability of the soil
to furnish growing plants with available nitrogen, that is, nitrate
nitrogen. If the G samples collected each year are arbitrarily
divided into two groups, depending upon whether the excess nitrogen
is more or less than 200 pounds, and the average excess nitrogen in
the two groups is compared with the average excess accumulation
of nitrate the values thus obtained indicate, very strikingly, the
influence of the total excess nitrogen upon nitrate accumulation.
Such a division will result in separating the samples into two approximately equal groups for each year. If the group in which the
excess nitrogen equals 200 pounds or more is designated as the
“high group” and the other as the “low group” and the average
excess nitrogen content and nitrate formation are compared some
interesting values are obtained.
.

On the other hand, there are recorded in these data 12 instances
in which the total nitrogen content of the P soil exceeds t h a t of the
G soil, yet in only two of these did the accumulation of nitrate in
the P soil exceed that in the G soil. Evidently, in some instances
the G soil was capable of accumulating nitrate more rapidly than
the P soil, even though it actually contained less total nitrogen,
indicating very strongly that some of the nitrogen in the G soils must
have been in a more easily nitrifiable form.
A general summary of the data obtained from a study of the soil
a n d growing plant material collected from P and G areas is given in
Table VIII. The data recorded in the bottom line of this table
show very strikingly the uniformly higher values obtained from the
G samples in height of plants, dry weight of plant material, percentage nitrogen in plant material, percentage nitrogen in soil,
nitrate content of soil when collected, and nitrate formed from the
soil’s store of nitrogen. The G sample exceeded the P sample in
from 86 to 99 percent of all such comparisons. On the other hand,
less than half of the G samples exceeded the P samples in ability
to form nitrate from added organic nitrogen or in nitrogen-fixing
ability.
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SUMMARY

The, data accumulated from this phase of the investigation and
presented in Tables I to VIII, definitely substantiate the following
summary: (1) The total growth of wheat supported by the G
(spot) soil, f a r exceeds that supported by the P (immediately surrounding) soil. (2) The percentage nitrogen contained in plant
material collected from G soils exceeds that in material collected
from P soil. (3) The total quantity of nitrogen removed from the
soil by the plants growing upon the G soils far exceeded that removed by plants growing upon an equal area of P soils. (4) The
G soils contained a slightly higher quantity of nitrogen than did
the P soils. (5) The G soils contained much larger quantities of
nitrate nitrogen than did the P soils, unless the plants growing
thereon had reduced the quantities practically to zero in both instances. (6) The G soils were capable of transforming a much
larger proportion of their store of nitrogen into nitrate nitrogen
within a limited period of time than were the P soils. (7) This
ability to accumulate nitrate nitrogen from their store of nitrogen
was independent of the microbial flora, for when organic nitrogen
was added to both soils the P soils were capable of transforming the
added nitrogen into nitrate nitrogen just as rapidly as were the G
soils.
The facts to which attention is called in the preceding paragraph
indicate very pointedly that available nitrogen is associated with
and probably is responsible for the development of the type of spots
under study. Apparently limited quantities of nitrogen, capable of
being readily transformed into nitrate nitrogen, find the way into
the isolated areas and subsequently undergo such transformation.
STUDIES CONDUCTED UPON MATURE WHEAT COLLECTED FROM
NATURALLY OCCURRING SPOTS
METHODS AND RESULTS

The indications that nitrogen may play a possible role in the
production of spots of the type under study, coupled with the widespread opinion among wheat growers of Kansas that a surplus of
available nitrogen results in overactive vegetative growth followed
by lodging and poor yields, suggested the desirability of observing
wheat in such spots until maturity.
Collection and Analysis of Material.—Because of the wide
distribution of fields from which the collection of soil and immature
plant material were made and the very short time in which samples
of mature grain could be collected, it was impossible to obtain yield
data from the same fields studied in the previous section. Therefore, comparisons of yield have been confined to Riley and adjoining
counties. Because of the somewhat taller and more stocky plants
produced on them the spots can usually be detected a t maturity.
Such spots are especially easy to detect in fields of Blackhull wheat,
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widely grown in this section, since there is a much more marked
development of the characteristic dark pigment evident in the heads
of this variety.

Data for 1929.—For the season of 1929, samples of ripe grain
were collected from spots and immediately adjacent in 20 wheat
fields and two oat fields. Data secured from a study of these samples are recorded in Table IX.
The average yield of grain from the P areas was 44.13 grams and
from the G areas 127.54 grams, the latter value being 2.89 times the
former. The analysis of a composite of the P and of the G grain
samples gave 1.91 and 2.17 percent nitrogen, respectively. The relative yields of grain and protein from the spots were therefore 289
and 329, respectively, compared with 100 for the fields a t large.
Translated into bushels per acre the average yield of the P areas
was 17.6 and that of the G areas 53.
Data for 1931.—In 1931, samples of mature grain were harvested
from P and G areas in 27 fields. The weight of grain, percentage
protein, excess protein in G over P, and relative yields of grain and
protein are recorded in Table X. The essential points t o be noted
in connection with these data are that the weight of grain per unit
area was 2.12 times as much from the spot as from the adjacent
area; that the G grain contained a n average of 3.01 percent more
protein than the P grain, representing a percentage excess of 29.19;
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and that the average relative yields of grain and protein were 225
and 286, respectively, P being assigned a value of 100. In terms of
bushels per acre the average yield of the P areas was 24.6 and that
of the G areas 52.5.
Data for 1932.—Samples of mature wheat were collected from
30 P and G areas in 1932 and the data obtained from a study of
these samples are presented in Table X. Again the grain produced
on the spot averaged 2.55 times as much by weight as that produced
on an equal area immediately adjacent to it. The G grain averaged
2.2 percent more protein, and the average relative yields of grain
and protein were 276 and 334 compared with 100 for the P areas.
The yields in bushels per acre were for the P areas 22.4 and for the
G areas 57.3.
Data for 1933.—Grain was harvested from 31 P and G areas in
1933 and the data obtained from an examination of the samples are
also presented in Table X. The grain harvested from the G areas
averaged 2.26 times that from the corresponding P areas and contained 2.98 percent more protein, equivalent to a percentage increase
of 25.5 in the protein; or the yield of protein was 2.84 times as
great from an equal area of G soil as from the P soil. Calculated
in terms of bushels per acre the average yield of the P areas was
22.6 and that of the G areas 49.
Data for 1934.—Only a few samples of grain from P and G areas
were collected during the season of 1934. These were taken from
fields where experimentally produced spots were under study and
were collected primarily to compare with the yield and protein content of the artificially produced spots. The data are presented in
Table X. The first four samples were collected in field G; the next
three in field F; and the last five in field H, all being taken near
the experimentally produced spots in the corresponding fields for
1934.
The average weight of grain from the G area was 2.53 times that
from the P area and contained 2.11 percent more protein, representing an average yield of protein from the G areas of 2.86 times that
of the P areas. A rather striking point in connection with these
data is the much higher relative grain yield from the G areas in
fields F and G as compared with field H and the much higher
percentage of protein in the grain from G spots in the latter field.
In fields F and G the increased available nitrogen went primarily
to increase the quantity of grain, whereas in field H it was utilized
in the production of an increased protein content. Similar conditions were noted for the grain from the experimentally produced
spots in these fields. Compare the percentage protein in the grain
of the sodium nitrate treated spots, Table XIX, with the corresponding values in Table XXI. This may possibly be accounted for in
this particular case by the type of soil. Fields F and G were much
more sandy in nature and did not suffer so much from the drought
as did the grain in field H.
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SUMMARY

The studies conducted upon mature wheat collected from spots
and immediately adjacent thereto may be summarized as follows:
(1) The yield of grain from the G areas far exceeded that from
equal P areas in the fields and for the particular years during which
comparisons were made. If available nitrogen is the factor responsible for the production of spots, certain of these years were not
conducive to the maximum response, in that hot dry weather preceded and accompanied maturity. (2) The percentage protein in
grain harvested from G soils is materially higher than that in grain
harvested from the corresponding P soils. (3) The total yield of
protein from G soils far exceeded that from an equal area of the
P soils.
THE EXPERIMENTAL PRODUCTION OF SPOTS AND THE COLLECTION AND EXAMINATION OF GROWING AND MATURE PLANTS
THEREFROM

It is quite evident that if the development of spots of the type
under study is dependent upon an increased supply of any nutritive
element, one should be able to produce them a t will in soils in which
this element is deficient, by supplying the element in question in
an available form. On the other hand, if as suggested by Lipman,7
their development is due to variations in the microbial flora, the
more desirable flora acting either directly or indirectly upon the
plants, one could not expect t o regularly reproduce such conditions
by the addition of a nonavailable plant food element. A third
possibility exists in that the microbial flora of the spot soil and adjacent soil may be equally efficient, but more of a particular nonavailable plant-food element may find its way into localized areas
of the soil and upon subsequently being changed into an available
form results in the production of spots. If this condition exists, then
it should be possible to reproduce the spots a t will in a soil in which
this element is deficient, by the addition of the element in question
in either an available or nonavailable form.
Since the available evidence pointed to nitrogen as being the most
probable nutritive element concerned in the production of spots,
most of the experimental efforts to produce spots have been conducted with nitrogen.
METHODS

The general methods followed in carrying out this phase of the
experimental work have been to apply as top dressing different
forms of nitrogen, varying the quantity of nitrogen applied and also
the time of application. The areas treated have been usually much
larger than the naturally occurring spots, in most instances 200
square feet. Subsequent to the application of the nitrogen, records
were kept of the general appearance of the treated areas, particularly
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as to their variation from untreated areas and their resemblances
to naturally occurring spots. In addition, soil, growing plants, and
mature plants have been collected from the treated and immediately
adjacent areas and analyzed as described for the corresponding material collected from naturally occurring spots. Considerable variation occurred in the treatments applied from year to year, and inasmuch as these variations may have materially influenced the results
obtained it seems best to discuss the treatment somewhat more in
detail as the results obtained for each year are presented.
The 1929-’30 Studies.—The field selected for study for the
1929-’30 season was known to be low in productivity, having been
cultivated by disking only a t seeding time for a period of about 20
years, Sixteen plots 10 by 20 feet in area were laid out in the order
and treated as indicated in Table XI. The uniformity of the area
of soil is indicated by the variation in the yield of the five uniformly
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distributed, untreated plots. The application of urine was based
upon the estimated deposit of urine that would be made by an
average cow. The quantities of Cyanamid and urea applied represent approximately 50 pounds of nitrogen per acre. There was some
lodging in the plot receiving the very heavy application of urea,
the only instance in which lodging has been observed to follow the
application of nitrogen in these experiments.
The data in Table XI indicate that the various applications of
nitrogen increased the yield of grain from 54 to 153 percent and the
yield of protein from 44 to 223 percent. I n this particular series the
applications of nitrogen, unless excessively heavy as in the case of
urine and an equivalent quantity of nitrogen as urea, resulted in
increasing the yield, but decreased the percentage of protein in the
grain. The heavy applications increased both the yield and percentage protein.
The data presented in Table XII indicate that the quantity of
plant material per unit area, the percentage of nitrogen in the plant
material, and the quantity of nitrate nitrogen in the soil were increased in all cases, except the quantity of nitrate nitrogen where
the nitrogen was applied as Cyanamid (CaCN2), by the applications
of nitrogen. Where urine was applied the increased growth, percentage nitrogen in plant material, and nitrogen in the soil were
comparable to the corresponding values for the naturally-occurring
spots.
The 1930-’31 Studies.—The 1930-’31 studies were conducted
upon a soil identical in every respect with that employed the previous year except that its productivity had not been permitted to
depreciate to the same extent.
It is evident from the data presented in Table XIII that available
nitrogen was not the factor limiting wheat production upon this
particular area, a t least for this particular year. The growth and
yield upon the single phosphorus-treated plot would indicate that
available phosphorous might be a major limiting factor. However,
the applications of all the forms of nitrogen tried resulted in marked
increase in the protein content of the grain, varying from 7 t o 37.6
percent, so that the yield of protein was appreciably increased in
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all except the August application of urine and this area was badly
injured by foot-rot.
The data tend to show that if the soil naturally supplies a quantity
of available nitrogen adequate to produce the maximum yield permitted by other factors, any further application of nitrogen, provided i t is applied early enough, will be reflected in an increased
protein content of the harvested crop.
The 1931-’32 Studies.—In the spring of 1932 an effort was made
to experimentally induce the development of spots in wheat fields on
five different farms in the vicinity of Manhattan. Naturally occurring spots had previously been observed in four of the fields, A, B,
D, and E, while field C had been cropped recently to alfalfa and had
given little or no evidence of nitrogen deficiency.
Field A was a level creek-bottom loam, apparently in good state
of productivity, but the field in question had been cropped to wheat
a number of years. Plots 10 by 20 feet in area were treated March
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2 with surface applications as indicated in Table XIV, Field A.
Figure 3 is a photograph taken of this field April 12. In the foreground is visible an area which received nitrogen in the form of
urea a t the rate of 50 pounds of nitrogen per acre distributed in
rows so that there would be no danger of confusing the treated areas
with naturally occurring spots, such as are visible in the background
of this photograph and in figure 1. On the extreme right is visible
one of the 10- by 20-foot areas treated broadcast with 25 pounds
nitrogen in form of urea.
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From the data presented in Table XIV it is evident that the soil
of Field A was in a fair state of productivity, since the untreated
area yielded a t the rate of 25 bushels per acre. However, the
application of 50 pounds of nitrogen per acre increased the yield of
wheat slightly more than 50 percent. I n this particular instance
the nitrogen applied was used entirely in the production of increased
quantities of grain, there being a slight decrease in percentage of
protein in all nitrogen-treated areas.
The soil of Field D was a heavy river valley silt loam, apparently
abundantly supplied with total nitrogen, but poorly drained. It was
selected because naturally occurring spots have been observed very
frequently on similar soils. The treatments were applied March
3 as recorded in Table XIV. This soil was unquestionably very
deficient in available nitrogen, since the application of 50 pounds
nitrogen per acre more than doubled the yield. An appreciable
decrease, approximately 1 percent, in the protein content of the
grain is recorded for all forms of nitrogen applied so that the response to nitrogen was wholly in increased yield.
The soil of Field C was a high river bottom loam in good state of
tilth and productivity, having been cropped recently to alfalfa. At
no time was any effect of the applications of nitrogen visible, and
while still in the bloom stage the entire field lodged so badly that
yield data possessed no significance, hence, are not recorded.
Field B was located on level river bottom land and the soil was
a well-drained, fairly fertile light loam that had previously exhibited typical spotting. The treatments applied March 2, together
with yield and protein data, are recorded in Table XIV. The average
increase in yield from the application of 50 pounds nitrogen was
slightly less than 90 percent and once more a decrease in the percentage protein in the grain was evident following all applications
of nitrogen.
The treatments described in Table XIV, Field E, were located
upon a very sandy river bottom soil, subject to erosion both by
water and wind, and hence not very uniform, as indicated by the
variation in yield from untreated plots. However, the enormous
difference in yield between the untreated plots and those receiving
nitrogen, that is, averaging 154 percent where 50 pounds nitrogen
were added, could not possibly be attributed to variations in the
soil. Again a marked decrease in percentage protein, varying from
4.4 to 15.2 percent is recorded for the grain from plots receiving
applications of nitrogen. The percentage increase in yield of grain
resulting from the application of 50 pounds nitrogen varied from
101 in the case of Cyanamid to 188 in the case of ammonium
sulfate, and averaged 154; while the corresponding values for increase in yield of protein were from 73 for Cyanamid to 157 for
sodium nitrate, and averaged 129. The application of only 25 pounds
of nitrogen increased the yield of grain 88 percent and the yield of
protein 59 percent. The average increase in yield of grain, expressed
in bushels per acre, was 19.7.
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The 1932-’33 Studies.—The treatments carried out in an effort
to induce the development of spots in 1932-’33 differed from those of
previous years in that sodium nitrate was the only form of nitrogen
employed and both the time and rate of application were varied.
Two fields were selected for experimental purposes and treated as
indicated in Table XV. One of the fields was grazed rather late, and
the wheat growing upon the treated areas was so much more palatable than the surrounding wheat that many treated areas were completely ruined and the damage to others could not be estimated,
hence, no records of yield were kept. This same preference on the
part of both grazing cattle and herbivorous wild animals, mice and
rabbits, was observed in many fields during these investigations,
and because of the small size of treated and naturally occurring
areas, caused appreciable damage. In no other instance, however,
was damage severe enough to render the results worthless. In
several instances the yields would have been relatively much more
markedly in favor of both the experimentally produced and the
naturally occurring spots if such damage had not occurred.
The data recorded in Table XV were secured upon a sand silt
loam soil which had exhibited typical spotting for several years.
The seasonal conditions were very unfavorable for the production
of spots by the surface application of nitrogen in that the nitrogen
applied remained in the dry surface soil in some instances for weeks
before adequate moisture fell to convey it to the roots. Then, too,
there was inadequate moisture to sustain late growth, resulting in
the harvesting of more immature grain from the treated areas where
the applied nitrogen delayed maturity than from the untreated area.
In spite of the unfavorable season the data presented in Table XV
show marked response in certain areas to the application of nitrogen,
both in the quantity of grain and in the protein content of the grain.
As a basis for comparison it will be assumed that increases equal
to or exceeding 3.2 times probable error of the untreated areas are
significant. It will also be assumed that the grain from the “no
treatment” plot marked ( b ) was abnormally high in protein, owing
to the washing onto i t of nitrogen from adjoining heavily treated
plots, a condition that was observed to take place. With these
assumptions any increase in yield of grain in excess of 25 percent,
or in protein content in excess of 10 percent, can be attributed to
the treatment.
A glance a t the location of plots showing an increase in yield in
excess of 25 percent, Table XVI, reveals a distribution that tends to
substantiate the significance of such an increase, since a line can be
drawn around all plots showing such increases that will include but
one plot below this value (150 pounds treatment, November 28,
relative grain yield 86). As might be expected, there are a number
of instances in which a decided detrimental effect was recorded.
These include the 1,000 pounds applications of March 17 and 31, and
April 13, and the 500 pounds applications of April 13. This would
indicate that there is possibly a certain period in the development
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of the wheat plant when the application of even moderate quantities
of sodium nitrate is injurious. After the plant has passed through
this stage even very heavy applications of nitrogen are without
effect upon yield. Under more normal rainfall, however, the response in yield might be entirely different.
The area within which significant responses in yield lie is as
follows: October 18, 150 to 500 pounds; November 28, 150 to
1,000 pounds; March 3, 50 to 1,000 pounds; and March 17, 50 to 500.
It is significant that the maximum increase in yield, that is, 95
percent, resulted from an application of only 150 pounds of sodium
nitrate, or 24 pounds of nitrogen, applied on March 3 or a t approximately the time growth began in spring. No application later than
March 17 gave a significant increase in yield. On the other hand,
light fall applications were without effect upon yield.
The area within which increases in percentage protein lie is much
more extensive and is the result, in many instances, not of an increased elaboration of protein, but of decreased yield resulting from
the immature condition of grain when harvested. This condition
possibly obtained for all, April 13, April 28, and May 12 applications since in all but three of these (150 pounds, April 13, 500
pounds, May 12, and 1,000 pounds, April 18) a decrease in yield is
recorded. Definite increases in the yield of protein are confined
largely to the same area as increases in yield. In case of the lighter
applications giving increases in yield, that is, 50 and 150 pounds,
and the October 18 application of 500 pounds, no appreciable alteration in the protein content of the grain is evident, whereas, the
heavier applications afforded adequate nitrogen for both an increase
in yield of grain and an increase in the protein content of the grains.
The 1933-'34 Studies.—Efforts were made to induce the development of spots in five fields in the spring of 1934. Typically appearing spots developed in all five fields, but in one the wheat was grazed
so late that no grain matured.
Field F was on river bottom, silt loam soil, very near to and of
same type as the field employed in 1932-'33. The treatments, yield
of grain, and protein content of grain are recorded in Table XVII.
The maximum increase in yield from the application of nitrogen in
the form of sodium nitrate was 55 percent from an application of
40 pounds nitrogen. The yield with heavier applications was reduced,
but owing to the very marked increase in protein content, 46.8
percent when 160 pounds nitrogen were applied, the yield of protein
from both the heavier applications was higher.
With urea the maximum yield was obtained with an application
80 pounds of nitrogen and the maximum yield of protein from the
160 pounds application of nitrogen. The addition of 40 pounds
nitrogen gave practically as high a yield as did 80 pounds. The
late application of nitrogen in either form was less effective in stimulating yield, but gave a much more marked increase in protein content than did the corresponding quantities of nitrogen applied
earlier.
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Samples of the growing grain were collected from these plots,
dried, weighed, and analyzed for total nitrogen. The data thus obtained are presented in Table XVIII. The weight of dry plant
material, percentage nitrogen in dry material, and total nitrogen in
plant material from the treated areas receiving the large quantities
of nitrogen are comparable t o the corresponding values from naturally occurring spots in the immediate vicinity (samples 5, 6, and 7,
Table V). These values varied directly as the quantity of nitrogen
added in most instances, the exceptions being where apparently overstimulated growth resulted in a lower percentage nitrogen than
might be expected.
Field G was located on a light sandy loam, usually a fairly productive soil. The field had been in wheat a number of years and
almost invariably exhibited typical spotting when the wheat was
grazed. The treatments, yield of grain, and protein content of grain
are recorded in Table XIX. I n this series all the urea treatments
were applied after the effect of the nitrate treatments became visible.
Incidentally a t this time, one month after the nitrate nitrogen was
applied, the treated areas were plainly visible one half mile away.
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The treated areas exhibited all the characteristics of naturally occurring spots, though to a more marked extent in case of the heavier
applications. Owing to the character of the soil, this field did not
suffer from the drought so much as the other fields under study, but
there was insufficient moisture to enable the grain on heavily treated
areas to fill out well. Also, the grain receiving the late applications
of urea was materially delayed in maturing, and it was necessary to
harvest it while still in an immature stage. This, no doubt, influenced to some extent the protein content of this grain, for it has
been shown repeatedly that grain harvested in an immature condition is relatively high in protein.
In the case of the lighter applications of sodium nitrate there was
a very marked increase in yield of grain accompanied by a decrease
in protein content, the quantity of available nitrogen apparently
being inadequate to maintain the normal protein content with the
large increase in quantity of grain. With 160 pounds of nitrogen,
however, there was sufficient nitrogen available t o produce an increase of 165 percent in quantity of grain and a 38 percent increase
in protein content, so that the total yield of protein was 3.66 times
that from the untreated areas. (Fig. 4.)
The late applications of urea, on the other hand, produced significant, but much smaller increases in yield, accompanied by marked
increases in protein content even with the lighter applications. If
the application of urea had been delayed only a few days longer it
probably would not have resulted in any appreciable increases in
yield. The differences in the yield of protein between the early
sodium nitrate and late urea applications are insignificant except
with the heaviest quantities. These observations tend to bear out
the indications of numerous previous observations that there is a
certain stage in the development of the wheat plant prior to which
a limited amount of available nitrogen will be utilized almost entirely in increasing the yield of grain, and after which it will result
almost wholly in an increased protein content of the grain. In this
particular experiment the sodium nitrate was applied prior to, while
the application of urea must have been almost coincident with this
critical period.
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In Table XX are recorded data obtained from the analysis of
growing wheat plants collected from the areas described in Table
XIX. The significant points to be noted from these data are: (1)
The marked increase in plant growth where nitrogen was applied
early and the slight increase following the late applications. (2)
The large increase in percentage nitrogen in the plant material following the late applications with only moderate or no increase
following the earlier application of corresponding quantities. If the
data relative to these samples of growing grain are compared with
those of the first five samples in Table V, a comparison between
growing grain from experimentally produced and naturally occurring spots is possible. In relative quantity of plant material, percentage nitrogen in plant material, and relative quantity of nitrogen
in plant material the plants from the area receiving an application
of 40 pounds nitrogen are more or less comparable to the material
from the naturally occurring spots.
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Field H (treated March 19) was located on fairly heavy clay
loam creek bottom soil that for several years had exhibited typical
spotting. The treatments, yield, and protein content of grain are
recorded in Table XXI. This being a heavy soil, the crop suffered
severely from the drought. At harvest time there were cracks 2
inches wide and several feet deep on the immediate area. As a result,
yields were increased only slightly, the surplus available nitrogen
producing increase in the percentage protein in the grain varying
from 11 percent with the lightest to approximately 40 percent with
the heaviest application of nitrogen. The percentage protein in
grain and the relative yield of protein increased as the quantity of
nitrogen applied increased, except in the case of yield of protein
where 160 pounds nitrogen as sodium nitrate was applied which
caused a marked decrease in yield of grain.

Field I (treated March 21) was located on a normally fertile silt
loam creek-bottom soil. The treatments and data relative to yields
and protein content of grain are also recorded in Table XXI. The
early effects of the application of nitrogen were typical of naturally
occurring spots, but the drought curtailed the yield and probably
materially decreased the response to nitrogen that otherwise would
have been evident in yield. The available nitrogen, however, was
utilized in increasing the protein content of the grain, a maximum
increase of 124 percent in yield of protein being recorded for the
area receiving 80 pounds of nitrogen in the form of sodium nitrate.
STUDIES WITH CYANAMID

Through the coöperation of the American Cyanamid Company it
was possible to conduct rather extensive and widely distributed
field tests with Cyanamid (CaCN2)8 in an effort to produce condi-
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tions comparable t o the naturally occurring spots and to study the
subsequent effects upon yield and protein content of the grain.
Owing to the wide distribution of the treated areas it was necessary
to enlist the aid of county agricultural agents in locating fields and
harvesting 10 representative rod-row samples for yield tests. The
work was conducted for two seasons, and in figure 5 is indicated the
points a t which fairly satisfactory completion of the tests was accomplished. The large territory involved made i t impossible to
make many records as to the growth of the wheat, but sufficient
observations were taken to show that in many instances the treated
areas exhibited all the growth characteristics of naturally occurring
spots.
The treated areas were one tenth acre in size. The Cyanamid
was applied with the aid of a portable distributor a t the rate of 200
pounds per acre in the eastern part of the state and 100 pounds per
acre elsewhere. The August application was made after the land
had been plowed, but before the last cultivation and a month t o six
weeks before planting, hence, was more or less cultivated into the
surface soil. The March application was made between February
26 and March 20 or prior to the beginning of spring growth. This
was distributed on the surface and received no cultivation. Owing
to dry weather following the application of the Cyanamid it remained on the surface in many instances from four to six weeks
before sufficient moisture fell to dissolve it. This was particularly
true of the spring application in 1930.
In 1929-’30 three different treatments were included, that is, a full
application in August, a full application in March, and a one half
application in August followed by a one half application in March.
In 1930-’31 full applications of Cyanamid were made in August and
March and in addition a March application of 100 pounds of
“Ammo-Phos B.” 9 The rod-row samples were harvested by county
agricultural agents, shipped to Manhattan, threshed, weighed, and
analyzed for protein.
A summary of the data relative to yields secured from 54 fields
in 1930 and 53 fields in 1931 is recorded in Table XXII. These
fields have been grouped depending upon the section of the state in
which they were located, the division of the state being indicated
in figure 5.
Because of the widely scattered and varied conditions there is no
satisfactory method of arriving at the mathematical significance of
these data. The following facts, however, will aid in their interpretation.
In 1929-’30 there were 54 fields involving 155 comparisons between
treated and untreated areas. Of these comparisons 132 gave an increase, 18 a decrease, and 5 no change in yield of grain as a result of
the application of Cyanamid. There were 11 increases in yield and
one decrease in excess of 10 bushels per acre. In these 11 instances
the increase averaged 77 percent. There were 26 instances in which
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the increase in yield exceeded 7.5 bushels and only one instance in
which the decrease exceeded this value, the average increase for this
group was 60 percent. There were 48 instances in which the increase
in yield exceeded 5 bushels per acre and only two in which a decrease
of this magnitude was recorded. Of the 54 individual fields represented there were 8 fields in which one or more treatments gave an
increase of 10 bushels, 14 which gave increases greater than 7.5
bushels per acre, and 26 which gave increases in excess of 5 bushels
per acre. There were only two fields in which a decrease of as much
as 5 bushels per acre was recorded.
In 1930-'31 there were 53 fields and 159 comparisons of untreated
areas with areas receiving nitrogen. I n 123 of these comparisons
an increased yield of grain was recorded, while a decrease was recorded in 36 instances. There were 16 areas showing increases in
yield of 10 or more bushels, averaging 56 percent increase; 32 areas
in which the increase exceeded 7.5 bushels, averaging 46 percent;
and 53 instances in which an increase of 5 bushels or more per acre
was recorded. There were only 4 treated areas that gave a decrease
in yield of 5 bushels, three of these located in the same field, and
none in which the decrease was so great as 10 bushels per acre. In
11 of the 53 fields, one or more areas gave an increase of 10 or more
bushels, 19 fields an increase of 7.5 or more bushels, and 28 fields
an increase of 5 or more bushels per acre. I n only two fields was a
decrease as great as 5 bushels per acre recorded. These data are
presented in parallel columns in Table XXIII.
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In analyzing the data presented in Tables XXII and XXIII the
following points should be kept in mind. No effort was made t o
select fields to be treated on a basis of their probable deficiency in
available nitrogen. In fact, the method followed, that is, selection
by county agricultural agents, would probably result in exactly the
opposite, since these agents for obvious reasons would undertake cooperative enterprises with their better class of farmers, thus more or
less insuring tillage methods and farm practices that would tend to
supply the maximum of available nitrogen. The large number of
instances, 32.5 percent, in which the increase in yield following the
application of nitrogen equaled 5 bushels, and the extremely small
number of instances, only 1.9 percent of 314 comparisons, in which
the decrease in yield following such treatment amounted to that
value, though inconclusive, would indicate that a 5-bushel increase
is probably significant. Also, the weather conditions in many if not
all instances were unfavorable for the maximum response from a
nutritive element applied as was the nitrogen contained in the
Cyanamid.
The average increases in yield following the various applications
of nitrogen, as recorded in Table XXII, do not appear very large.
For the eastern part of the state, however, the average of 79 individual tests is 5.2 bushels per acre. Individual treatments in every
section of the state gave early responses similar to and equally as
marked as the naturally occurring spots in the immediate vicinity.
There were also treatments in every section of the state that gave
increases in yield greater than 50 percent, in a few instances exceeding 100 percent.
In 8.6 percent of all individual tests and in a t least one plot in
17.8 percent of all fields, increases in yield of 10 or more bushels
per acre were recorded. In 18.5 percent of all tests and in a t least
one plot in 30.8 percent of all fields, increases in yields exceeding
7.5 bushels per acre were recorded. In 32.5 percent of the individual
tests and in 50.5 percent of all test fields increases of 5 or more
bushels per acre were secured.
The protein content of grain from 254 Cyanamid treated plots
was measured and compared with that in grain from untreated areas
immediately adjacent. The data thus obtained are, however, so
variable that no definite conclusions can be drawn from them. Of
the 254 treated plots, the grain from 129 contained a somewhat
higher and from 111 a lower percentage of protein than did the grain
from the corresponding untreated areas. In a few instances the
apparent alteration in the protein content as a result of the application of Cyanamid was rather marked, but in most instances only
slight increases or decreases were recorded. Increases in yield were
sometimes accompanied by increases in the percentage protein, but
in approximately as many instances the protein content was lowered.
Decreases in yield were somewhat more consistently accompanied
by increases in protein content.
Apparently the quantity of available nitrogen supplied by the
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various soils, as well as the demands of the particular crop for
nitrogen, was so variable that consistent responses could not be
obtained. The variable effects, insofar as the application of the
nitrogen in the Cyanamid affected the percentage protein in these
experiments, may be explained upon the following bases: (1) Some
of the soils probably supplied available nitrogen in such quantities
that nitrogen was not a limiting factor in yield of grain, percentage
protein in grain, or yield of protein. (2) In other instances the
available nitrogen was probably adequate for the maximum yield of
grain permissible by other factors, but not to give the maximum
protein content of the grain; in which case the addition of nitrogen
would have no effect upon yield of grain but would increase the percentage protein in the grain. (3) In other soils available nitrogen
was limited and its application stimulated the formation of grain,
thus increasing the yield, but the supply was inadequate to give the
maximum protein content of the grain. (4) In still other fields the
application of nitrogen stimulated the formation of grain and the
quantity applied plus that furnished by the soil was sufficient to give
an increase in the protein content as well as an increase in the
quantity of grain.
The influence of the Cyanamid treatments upon the total yield
of protein per unit area was somewhat more consistent than upon
the percentage of protein in the grain. Of the 254 treated areas,
196 yielded protein in excess of untreated areas, while only 56 yielded
less protein than the controls. The average increases in protein in
pounds per acre following the 1929-’30 Cyanamid treatments were
as follows: August treatment (33 plots), 25.1 pounds; AugustMarch treatments (34 plots), 25.1 pounds; and March treatment
(31 plots), 23.8 pounds. The corresponding values for 1930-’31
were: August treatment (52 plots), 24.4 pounds; March treatment
(52 plots), 27 pounds; and March “Ammo-Phos” treatment (52
plots), 18.1 pounds. The treatments apparently did result in slight
increases in the yield of protein per unit area.
SUMMARY

From the investigations relative to the experimental production
of spots comparable to those occurring naturally in wheat fields the
following points appear to be definitely established: (1) In fields
where spots occur naturally, experimental spots, apparently identical
in every aspect, can be produced a t will by the surface application
of all forms of nitrogen thus far tested, provided the time of application and quantity applied are judiciously selected. (2) Some fields
will not respond to such treatment. (3) The quantitative growth
of the wheat plants, the color, the percentage nitrogen in plant
material, the total nitrogen absorbed from the soil per unit area, the
yield of grain, the protein content of the grain, and the yield of
protein per unit area following the judicious surface application of
nitrogen are all comparable to the corresponding values for naturally
occurring spots.
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GENERAL DISCUSSION

The occurrence of limited areas of growing wheat comparable to
those herein discussed and pictured in figures 1 and 3, is very widely
distributed, particularly in the older small-grain-growing regions.
The general appearance of the growing plants on these small spots
would indicate that such areas are potentially more productive of
grain. A satisfactory explanation of the immediate cause of such
spots seemed of special theoretical interest, with possibly far-reaching, practical applications. In the foregoing pages the major results
of five years’ investigation relative to the cause of this phenomenon
a r e recorded. Attention has already been called to the major facts
brought forth in these investigations. Suffice i t to say here that all
the evidence accumulated from a study of both the naturally occurring and experimentally produced spots points to available nitrogen
as playing the fundamental role in their production. This does not
mean that somewhat similar appearing spots may not be produced
by other factors, but that the phenomenon of spotted wheat fields,
such as are so abundant in the eastern two thirds of Kansas, is the
direct result of the limited area of soil supplying the wheat plants
with more available nitrogen.
With this basic fact established the next problem to be solved
was that of the origin of the larger quantities of available nitrogen in
the soil of the spots. In a rather limited study of somewhat similar
spots Lipman10 reached the conclusion that a more active nitrifying
flora existed in the soil of the spots and through its activity more
of the soil’s store of nitrogen was made available. No explanation
was offered as to why the bacteria in such limited areas should
suddenly become so much more active. It is possible that the type
of spots studied by Lipman had an entirely different origin from
those studied here. A superficial investigation of a typically spotted
Kansas wheat field during the early development of spots leaves no
doubt but that the common conception of their origin, that is, from
deposits of urine or feces, is generally correct. A more careful examination reveals the fact, however, that they do not arise from
feces deposited during the current season. On the other hand, many
spots have been investigated that certainly did not arise from deposits of urine. The origin or form of nitrogen finding its way into
the soil probably does not matter; if it is capable of being readily
transformed into an available condition it will result in the formation of spots, provided the soil is limited in available nitrogen. I n
the investigations herein recorded no evidence has been secured that
would indicate that microorganisms play more than a secondary
rôle in the production of the type of spots under study. Practically
every soil examined appeared to be provided adequately with the
organisms concerned in the transformation of the more common
forms of nitrogen into an available condition.
Once the nitrogen is made available to the wheat plant it may
manifest itself in several different ways: (1) Almost invariably in
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increased vegetative growth, containing a higher percentage of nitrogen. (2) An increased production of grain, provided the nitrogen
becomes available early enough in the development of the plant, and
further, provided there is adequate moisture to mature the grain.
(3) An increased protein content in the grain, in case the quantity
of nitrogen is adequate to more than provide for the increased
quantity of grain. (4) An increased protein content may result
from the presence of rather limited quantities of available nitrogen,
unaccompanied by an increase in the quantity of grain, if the nitrogen becomes available so late in the development of the plant that
its capacity to form grain has already been established. (5) If a
marked stimulation of growth takes place, resulting in the formation
of relatively large quantities of grain, and the supply of available
nitrogen becomes somewhat limited, a marked increase in the production of grain may be accompanied with an actual decrease in the
percentage of protein in the grain.
In a preceding paragraph it was stated that the yield of grain from
a n equal area of a spot exceeded that from the immediately adjacent
soil provided there was adequate moisture to mature the grain
formed. During the five years of this investigation in no instance
have the spots failed t o mature more grain than the surrounding soil
in this vicinity. At least one of these years, 1934, was very unfavorable in this respect.
As previously suggested, there is a widespread conception among
farmers that an excess of available nitrogen will cause lodging. I n
less than half a dozen instances among the thousands of naturally
occurring spots examined has any evidence of lodging been noted,
and in these few instances the size of the spots indicated that they
were not caused by deposits of urine. Furthermore, hundreds of
areas have been treated with various forms and quantities of nitrogen up to 320 pounds nitrate nitrogen per acre, and in only one or
two instances has lodging been recorded.
In order to get a quantitative measure of the relative strength of
the straw from spots and immediately adjacent thereto the breaking
strength of the straw of 22 samples of P and G grain harvested in
1930 was determined. Ten separate tests, comprising 10 straws per
test, were carried out on each sample. With one exception, the
average breaking strength of the G sample was greater than that of
the P sample, the average resistance to breaking being 37.5 percent
greater in the case of the G straw. These observations do not support the view that nitrogen is the primary factor concerned in
lodging.
The quantities of grain harvested from naturally occurring spots
have been so small that tests of quality other than general appearance and protein content could not be made. As a rule, the grains are
equally well filled and freer from yellow berry than that of the field
a t large. Grain from the experimentally produced spots has not
always been so well filled as that of the control. This failure to
fill out was due, at least in many instances, to the fact that maturity
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was somewhat delayed, particularly where nitrogen was applied
late, and it was necessary to harvest the treated areas ahead of the
regular harvest; hence, the grain was harvested before maturity.
This station has directed attention on previous occasions11 to the
rapid losses of nitrogen taking place in cultivated Kansas soils,
particularly when grown to grain. The inevitable end result of such
losses as have been recorded must be soils deficient in total nitrogen.
The data collected in this study relative to the nitrogen content of
soils of Kansas wheat fields tend to substantiate former findings a s
to the existence already of many soils with relatively low nitrogen
contents. In Tables I to IV, inclusive, are recorded the nitrogen
contents of soils from 165 wheat fields, located in 39 wheat-growing
counties of Kansas, 8.5 percent of which contained less than 0.10;
25 percent of which contained less than 0.12; and 67 percent of
which contained less than 0.15 percent nitrogen.
There were many soils studied in this investigation, however, that
were adequately supplied with total nitrogen, and yet apparently
were not furnishing the growing wheat plant with all the nitrogen
it could utilize in its growth. Most of these were fairly heavy
low-lying soils, frequently exhibiting evidence of poor seedbed preparation, and almost invariably containing very limited supplies of
available (nitrate) nitrogen. When placed under favorable conditions in the laboratory these soils exhibited rapid nitrification,
thus indicating that a physical alteration is all that is needed to
enable them to transform their stores of nitrogen into nitrates
r a p idly.
The highly significant rôle played by nitrogen in the production
of naturally occurring spots, with the accompanying marked increase in protein content and yield of grain occurring thereon, suggests the desirability of further research as to the possible rôle of
commercial nitrogenous fertilizers in the future economic growth of
wheat in the hard-winter-wheat belt. More information is especially
desirable relative to the influence of time of application, method
of application, and quantity of nitrogen applied upon both the
quality and quantity of grain produced.

