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Nitrogen and Carbon Changes in Great
Plains Soils as Influenced by Cropping
and Soil Treatments'

By H. J. Haas and C. E. Evans, soil scientists, Soil and Water Conservation Research
Division, Agricultural Research Service; and E. F. Miles,* former physicist, Agri-
cultural Research Service. -

Numerous investigations have shown that there has been a sharp
decline in nitrogen and carbon content of the soil after the land has been
gut under cultivation. The majority of these investigations were con-

ucted in the more humid regions. A few such studies, however, were
carried on in the Great Plains. In some instances, these studies showed
nitrogen and carbon losses as high as those in the more humid regions.

Russel (37)% reported that the soils studied in Nebraska had lost from
25 to 30 percent of their organic matter after 30 years of cropping.
Gainey and coworkers (18), working with soils from experiment stations
in western Kansas, showed that large losses of nitrogen had resulted from
cropping. Myers and coworkers (33) showed that these same soils
~ continued to decline with further cropping. Newton and coworkers (34)
reported upon analyses of soils in Alberta, Saskatchewan, and Manitoba,
Canada. Ii‘he average period of cultivation was a little over 22 years.
Nitrogen lost, compared with that lost from virgin sod, ranged from 0 to
40 percent. The average loss in soil nitrogen was 18 percent for brown,
dark brown, and black soils, and 30 percent for gray soils. Volkerding
and Stoa (47) studied the changes in soil nitrogen under rotation systems
of farming at Fargo, N. Dak., and found that, over a 33-year period,
soil nitrogen had been reduced 20 percent. Chang (9), working in the
Tucumcari region in northeastern New Mexico, reported that surface
soils which had been cropped for an average of 22 years lost 31 percent
nitrogen and 44 percent organic matter.

In contrast to these results, Stewart (43) and Stewart and Hirst (44)
reported on early work done in Utah, where no decline in soil nitrogen
occurred when wheat had been grown for periods of 10 to 50 years. They
stated that the deep-rooted wheat plants were able to secure a portion
of their nitrogen from the lower depths of soil. They also stated that
the plowing under of the straw and stubble tended to. maintain the
nitrogen content of cultivated surface soils.

As large losses of nitrogen and carbon from dryland soils in the Great
Plains were measured at several locations, it was decided in 1947 to make
a comprehensive study of the problem.?

*Mr. Miles is deceased. He was a member of the former Bureau of Plant Industry,
Soils, and Agricultural Engineering. :

1 Submitted for publication December 1956.

2 Ttalic numbers in parentheses refer to Literature Cited, p. 55.

3 The authors are indebted to Lyle T. Alexander, Chief, Soil Survey Laboratories,
Soil Conservation Service, and O. R. Mathews (retired), former agronomist, Soil and
Water Conservation Research Branch, Agricultural Research Service, for assistance
and guidance in planning and conducting this study.
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The purposes of the study were: To determine the effect of cropping
on the total nitrogen and carbon contents of various dryland soils; to
evaluate the relationship of total nitrogen in the soil to the capacity of
that soil to produce nitrate-nitrogen; and to show the influence of the
soil-nitrogen changes on crop yields.

The majority of the soil and plant samples reported upon were col-
lected from selected experimentalpstations II())cated throughout the Great
Plains. Soil samples were also collected from privately owned farmland

in North Dakota.

Description of Experimental Areas
Locations

In the early part of the 20th century, experimental stations were
© established at various locations throughout the Great Plains to study
the effects of different rotations and tillage practices on crop production
under dryland conditions. Where practicable, cropping treatments were
similar at all stations and were in effect for a period of 30 to 40 years.
These stations provided excellent opportunities to study nitrogen prob-
lems as influenced by different cropping treatments over a wide range of
soil and climatic conditions. However, there were two rather serious
limitations; the lack of replication of rotations at each station; and the
fact that, in most instances, no soil samples were taken at the time the
rotations were established.

In 1947, a survey * of these experimental stations was made to aid
in selecting the stations and rotations from which samples were to be
collected for the total-nitrogen and organic-carbon study. Each ex-
perimental field was surveyed to determine the soil type or types, uni-
formity, degree of erosion, and any other factors which would influence
the selection of the plots for sampling.

At a given station, only those rotations were selected which were com-
parable as far as the above factors were concerned. An attempt was
made to include rotations which were uniform for all stations. This
was not always possible because of differences between stations in adapt-
able crops, and also because some rotations were so located as not to be
comparable with other rotations.

The following list shows the designations and locations of the 17
stations selected. Throughout this bulletin, in both text passages and
tables, the place name alone is generally used to designate the experi-
mental stations.

Experimental station Location
United States Northern Great Plains Field Station........... Mandan, N. Dak.
Dickinson Substation. . . ...........ciiiiiiiniiinenann, Dickinson, N. Dak.
North Montana Branch Station. . ............. ..., Havre, Mont.
Central Montana Branch Station.......................... Moccasin, Mont.
Huntley Branch Station......................oooiina.a Huntley, Mont.
Newell Irrigation and Dryland Field Station................ Newell, S. Dak.
Sheridan Substation............... ..., Sheridan, Wyo.

4 The survey was conducted by Lyle T. Alexander, Chief, Soil Survey Laboratories,
Soil Conservation Service, Beltsville, Md., who visited all the land stations. He
was assisted by soil correlators from the Division of Soil Survey and by a representative
from each of the State agricultural experiment stations. The soil correlators were:
James Thorp, who assisted in Colorado, Nebraska, and Wyoming; E. H. Templin,
who assisted at the Great Plains stations; W. I. Watkins, who assisted in Kansas,
South Dakota, and North Dakota; B. H. Williams, who assisted in Montana; and
Willis J. Leighty, who assisted in the Northwestern States.
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Archer Substation
North Platte Experiment Station
on Field Station

United States

Colby Branch Station

Fort Hays Branch Station
Garden City Branch Station (main field and annex)
United States Southern Great Plains Field Station
United States Lawton Field Station
United States Dalhart Field Station
United States Big Spring Field Station
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Location
Archer, Wyo.
North Platte, Nebr.
Akron, Colo.

Colby, Kans.

Hays, Kans.

Garden City, Kans.

‘Woodward, Okla.

Lawton, Okla.
alhart, Tex.

Big Spring, Tex.

the locations of the stations selected is presented
(fig. 1). Newell, S. Dak., and North Platte, Nebr., were not included in
the study of the effects of cropping on the total nitrogen and carbon
content of the soil, but were inc{)uded in the soluble-nitrogen studies.
The year the sod was broken at each station, the year the experimental
plots were initiated, the soil series and texture, and the native vegetation
of the area are presented (table 1). It will be noted that the experimental

TaABLE 1.—Identification of soils and native vegetation of 17 stations in the Great

Plains. The year in which the native sod was broken and experimental plots initi-
ated is also given for each station
Year
Year | experi-
Location sod |mental Soil series Soil texture Native vegetation
broken | plots
initi-
ated
Mandan, N. Dak_| 1913 1914 | Cheyenne..... Fine sandy loam__| Blue grama, needlegrass, and
threadgrass.
Dickinson, 1906 1907 | Morton.___..._ Loam._..__...___.__ Blue grama, western wheat-
N. Dak. g'rass,neediegmss,andthraad-
grass.
Havre, Mont______ 1916 1916 | Joplin..._._.__ 60 percent clay Short grasses.
loam, 30 percent
loam.
Mocecasin, Mont.__| 1907 1908 | Judith________ 85 percent clay Blue grama, Sandberg blue-
) loam, 15 percent grass,needlegrass,and thread-
velly clay grass.
loam.
Huntley, Mont....| 1911 1912 | Nunnt._______ Cla]g loam to silty | Mostly short grasses.
clay.
Newell, 8. Dak_.__| 1907 1908 | Pierre...__.... Clay. oo Buffalograss, blue grama, and
western wheatgrass.
Sheridan, Wyo._...| 1916 1017 | Bridgeport..._.| Loam tosiltloam..| Buffalograss, blue grama,
western wheatgrass, needle-
grass, and threadgrass.
Archer, Wyo._.__.__ 1912 1913 | Altvan..______ Loam.___.._.._...__ Blue grama and western wheat-
grass.
North Platte, 1896 1935 | Holdrege-.--._ Very fine sandy Buffalograss, blue grama, and
Nebr. loam. western wheatgrass.
1907 1008 | Rago........__ Siltloam_.________ Buffalograss and blue grama.
1905 1914 | Sherman.._.__ Do. Do.
1903 1906 | Munjor! _____ Silty clay loam, Do.
silt loam.
Garden City, 1907 1907 | Keith, Ulys- Very fine sandy Do.
Kans. ses, Colby. loam.
Garden City, 1930 1031 |--..dO--ceeeeo.- FE' (o JO Do.
S.
Woodw:'ud, Okla_.| 1914 1914 | Pratto........_ Fine sandy loam_.| Tall grasses.
Lawton, Okla.__.__ 1916 1916 | Lawton-...... Sfitloam._._______. Do.
t, Tex_ ... 1907 1908 | Dalhart, Loam to fine Short grasses.
Otero sandy loam.
Mansker.
Big Spring, Tex...| 1906 1915 | Amarillo___.__ Fine sandy loam..| Short grasses and mesquite.

1 Tentative uncorrelated classification.
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Ficure 1. —Map of the Great Plains region, showing the location of the stations
included in t.lfm study. The western boundary is indicated by the shaded line,
which is also the 5,00 -foot contour.
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Flots were initiated in the same year that the sod was broken or 1 year
ater at all stations except North Platte, Colby, Hays, and Big Spring.
Between the time the sod was broken and the experimental plots were
established at these stations, the land was uniformly cropped.

Climate
Generally speaking, the Great Plains region is subject to wide fluctua-
tions in oprecipitation, temperature, and wind velocity. Temperatures
over 100° F. are not uncommon and occur even in the northern portion.
Temperatures below 0° are not uncommon in the central and northern
portions, and lows of more than 50° below zero have been recorded at
some locations. Precipitation is generally limited, and long periods of
drought may occur. The heavier rains are often of the thunderstorm
type which fall rapidly and result in considerable runoff from the more
sloping lands. Wind velocity is rather high at times; and this, together
with high temperatures during the summer months, promotes evapora-
tion and reduces the effectiveness of the rainfall. Prevention OF soil
blowing is a frequent problem in certain areas; and during prolonged
periods of drought with sparse plant cover, duststorms reach destructive
proportions over a wide area.
limatic and elevation data for each location are presented (table 2).
For the years covered by these data, annual precipitation ranged from
11.5 inches at Havre, Mont., to 28.7 inches at Lawton, Okla., with an
average of 17.9 inches. In the areas studied, approximately three-fourths
of the precipitation falls during the period April to September, inclusive.

TaBLE 2.—Climatic and elevation data for 17 stations in the Great Plains

Evapora-
Precipitation Evapora-| tion/pre- | Temper-
tion1 [cipitation| ature
Location Years of ratio 3 Eleva-
record tion
Annual Apr.- | Apr.- Apr.- Mean
Sept. Sept. Sept. annual
Inches Inches Inches °F. Feet
Mandan, N. Dak..__..__..___ 1915-51 15.82 10.88 32.99 3.03 41.0 1,750
Dickinson, N. Dak -| 1907-47 15.63 12.09 34.73 2.87 40.3 543
Havre, Mont._..... -| 1917-50 11. 50 8.86 37.33 4,21 42.0 2, 6506
Moccasin, Mont |1 1 15.12 11.20 33.67 3.01 42.2 4,228
Huntley, Mont. -| 1910-61 13.13 8.82 32.65 3.70 45.0 3,018
Newell, 8. Dak. - 2 15.78 12,13 36.20 2.90 45.0 2,880
Sheridan, Wyo... 16.17 11.26 35.31 3.14 4.3 3,790
Archer, Wyo...... 14.78 11.65 | 35.30 3.03 45.0 6,012
North i)lntte, Nebr.-. 19.34 15.42 41.10 2.67 49,5 3,025
Akron, Colo....... 17.40 13.81 43.19 3.13 48.8 4,650
Colby, Kans. 18.48 14,24 44. 96 3.16 51.0 3,145
Hays, Kans. o ccceoeccoaaoe 23.11 17.79 47.75 2.68 53.9 2, 000
Garden City, Kans 18.02 13.70 54,42 3.97 53.8 2,836
‘Woodward, OKla.. 23.76 16.09 51.28 3.19 58.1 1, 900
Lawton, Okla_._ 28.70 18.18 45.29 2.49 61.3 1,111
Dalhart, Tex.... -| 1906-50 18.09 14.14 50.89 3.60 54.3 4,000
Big Spring, Tex....o._....._ 18.87 12.79 54. 37 4,25 63.0 2,396
Average (all stationsg) .. ... 1911-50 17.86 13.12 41.79 3.4 49.3 3,046

1Inches of evaporation from a free-water surface, using the standard Bureau of Plant Industry type
evaporation pan.
2 Evaporation divided by precipitation for the period April through September.
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As would be expected, there was a general increase in evaporation from
north to south. These values ranged from 32.7 inches at Huntley, Mont.,
to 54.4 inches at Garden City, Kans., with an average for all stations
of 41.8 inches.

The evaporation/precipitation ratio ranged from 2.49 at Lawton, Okla.,
to 4.25 at Big Spring, E‘ex., with an average of 3.24 for all stations.
Garden City, Kans., and Havre, Mont., also had high ratios, indicating
that the rainfall received at these stations may be less effective than at
the stations with lower ratios.

The average annual temperatures generally increased from north to
south, as expected, and ranged from 40.3° F. at Dickinson, N. Dak., to
63.0° at Big Spring, Tex. %he average for all stations was 49.3°.

Elevation ranged from 1,111 feet at Lawton, Okla., to 6,012 feet at
Archer, Wyo., with an average for all stations of 3,046 feet. The region
as a whole slopes from west to east.

Collection and Preparation of Samples

Total Nitrogen and Carbon Study

Soil samples were collected at the time the rotations were established
at Sheridan, Wyo.; at Woodward, Okla.; and at the Garden City (Kans.)
annex. The rotation plots at Colby, Hays, and the Garden City (Kans.)
main field were sampled in 1916 after being cropped for several years.
These 1916 data (335) were used as the basis for determining the loss of
nitrogen at the three Kansas stations.

At each of the other stations, it was necessary to locate a virgin-sod
area representative of the site where the rotations were located. This
was done during the survey described (tP 2). The data from these virgin
areas were used to determine the loss of nitrogen or carbon that resulted
from cropping.

To use these data from the virgin areas, it was necessary to assume
that the nitrogen and carbon values obtained for the virgin sod in 1947
accurately represented the original condition of the rotation field; also,
that the original nitrogen and carbon contents of all the plots in the
field were the same. gs such assumptions are subject to considerable
error, only large differences between values should be regarded as sig-
nificant. Greater confidence can be placed in results that are similar
at a number of locations.

At Mandan, N. Dak., a high correlation was found between both the
nitrogen content and the carbon content of the virgin sod and the percent-
age by weight of particles less than 0.005 mm. in diameter. The percent-
age of particles less than 0.005 mm. in diameter in the soil from the ro-
tation plots was also determined. By substituting these values in the
regression equation for virgin sod, the percentage of nitrogen or carbon
that was in the soil at the time the sod was broken was calculated for
each plot. A more complete description of this procedure is presented
later i this bulletin (p. 8).

A grid system was used on each virgin area to determine sampling
locations. Each grid was composed of 9 points—3 parallel rows of 3
Eoints each. The points were spaced at 100- to 200-foot intervals,

epending upon the size of the area. A pit was dug in each virgin area to
study the characteristics of the profile. Soil samples were collected from
the grids at the time the survey was made in 1947. A l-quart sample
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was taken at each of the 9 points for each of the 0- to 6-inch and 6- to
12-inch depths. The selection of the sampling sites on the general farm-
lands in North Dakota wasmade in 1950.° Only those sites were selected
which were near a virgin sod area of the same soil type. All sites were
located on Barnes, Morton, or Williams soils. Samples were taken from
the 0- to 6-inch, 6- to 12-inch, and 12- to 18-inch depths. Each depth
was a composite of several borings.

The rotation plots were sampled by or under the direction of key per-
sonnel at each station.®

Samples for the present study were collected in 1947 except those from
Colby, Garden City, and Hays, Kans., which were collected in 1946 in
connection with a separate study conducted by the Kansas Agricultural
Experiment Station; and those from Mandan, N. Dak., which were
collected in 1943.

In most instances, a l-quart sample of soil was collected from each
plot for each depth of 0 to 6 inches and 6 to 12 inches. It was sometimes
necessary to alter the depth of sampling to conform to previous samplings.
Each sample was a composite of several borings, usuaﬁy 9 or more.

The soil samples were air-dried and shipped to the laboratory at Man-
dan, N. Dak., for analysis, with the exception of those from the 3 Kansas
stations and those from Mandan, N. Dak.; these were analyzed at Belts-
ville, Md. The soil samples were crushed and passed through a 2-mm.
screen; and all material that remained on the screen, such as rocks and
undecomposed organic matter, was discarded.

Soluble-Nitrogen Study

In 1949, 100 wheat plants were collected from manured and non-
manured rotations at 11 of the stations, to determine the effect of barn-
yard manure on the uptake of nitrogen by the plants. These samgles
were shipped to Mandan, N. Dak., where they were oven-dried at 65° C.
and ground for analysis.

In 1950, approximately 5 pounds of soil was collected from the 0- to
6-inch depth on a number of rotations at 13 of the stations. These
samples were used for evaluating the effects of different levels of soil

5 The selecting of the sampling sites, as well as the collecting of the samples, was
done by Dr. G. A. Johnsgard, formerly professor of soils, North Dakota Agricultural
College, Fargo, N. Dak.

4 'lie authors are indebted to the personnel who collected soil and plant samples
from the rotation plots and sup lie«fe information regarding the rotations. (Place
names are used instead of the full designations of the respective stations; see list on

.2.) These personnel were: Leroy Moomaw (retired), former superintendent,
Bicldnson, N. Dak.; V. C. Hubbard (deceased), former agronomist, M. A. Bell (de-
ceased), former superintendent, and J. J. Sturm, superintendent, Havre, Mont.;
R. M. Williams (retired), former superintendent, Moccasin, Mont.; A. E. Seamans
(retired), agronomist, Huntley, Mont.; A. Osenbrug (retired), agronomist, Newell,
S. Dak.; C. R. Hills, former acting suﬁerintendent, Sieridan, Wyo., and O. A. Beath,
head, Department of Agricultural Research Chemistry, University of Wyoming,
Laramie, gVyo.; A. L. Nelson (retired), former superintendent, Archer, Wyo., and R.
D. Lewis, soil scientist, Laramie, Wyo.; L. L. Zook (retired), former superintendent,
and R. E. Ramig, soil scientist, North Platte, Nebr.; J. F. Brandon, superintendent,
Akron, Colo.; J. B. Kuska (retired), agronomist, Colby, Kans.; A. B. Erhart, former
agronomist, and P. L. Brown, soil scientist, Hays, Kans.; H. L. Stout, former agron-
omist, and W. L. Rock, soil scientist, Garden City, Kans.; L. F. Locke, soil scientist,
Woodward, Okla.; W. M. Osborn (retired), former superintendent, Lawton, Okla.;
B. F. Barnes, former superintendent, and Grady L. Randel, former farm foreman,
Dalhart, Tex.; and F. E. Keating, superintendent, Big Spring, Tex.
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nitrogen on the ability of the soils to produce nitrates, as determined by
incubation in a room at constant temperature. These soils were air-
dried immediately and shipped to Mandan, N. Dak., for incubation and
analysis. They were passed through a 2-mm. screen, and all material
that remained on the screen, such as rocks and undecomposed organic
matter, was discarded.

Analytical Procedures

The total nitrogen content of the soil was determined by the Gunning
method (3) with a few modifications. The catalyst used in digestion was
10 parts K,SO,, 1 part FeSO, and 0.5 parts CuSO,. The NH,; was dis-
tilled into a 4-percent solution of boric acid, and titrated with N/7 H,SO,
or N/10 HC1. A mixture of bromcresol green and methyl red was used
as the indicator.

At first, carbon determinations were made by the dry-combustion
method, which included both the inorganic and organic carbon. It was
then necessary to determine the inorganic carbon and deduct this from
the total carbon value, to obtain the orgamic-carbon content. Later,
the wet-combustion procedure (35), which was more rapid, was used to
estimate the organic-carbon content.

The incubation procedure for determining the quantity of nitrate-
nitrogen produced by the soil for a given period of time was essentially
the same as that used by Allison and Sterling (2) with a few modifications.
The procedure used was as follows:

A quantity of soil, equivalent to 50 gm. oven-dried, was placed in 8-ounce jars’
This mcluded 1 gm. of garden soil to assure the presence of nitrifying organisms:
To this was added 12.0 mg. of dipotassiumphosphate and 0.5 gm. of CaCO;. The
samples were kept in a room held at a constant temperature of 28° C. and moisture
was maintained in the soil at the moisture equivalent by weekly additions of water.
The soil was shaken or stirred once a week to promote aeration. All the soils were
incubated for a 6-week period and a few for 12-, 18-, and 24-week periods. The
nitrate-nitrogen was determined by the usual phenol-disulfonic acid procedure at the
beginning and again at the end of each period. The quantity of nitrate in the soil
at 0 weeks, as well as the quantity produced by 1 gm. of garden soil, was deducted
from the total quantity produced at the end of each period to obtain the quantity of
nitrates produced during each period.

The nitrogen content of the plant material was determined by a modification of the
procedure used for soil so as to include nitrate-nitrogen (3). Phosphorus content of
the wheat plants was determined by the vanadomolybdate method.

The standard pipette procedure was used for mechanical analysis.

Relationship Between Soil Nitrogen and Particle Size

As mentioned previously (p. 6), a high correlation was obtained at
Mandan, N. Dak., between the nitrogen or carbon content of the virgin
sod and the percentage of particles less than 0.005 mm. in diameter.
The relationship for nitrogen is shown (fig. 2). The percentage of par-
ticles less than 0.005 mm. in diameter was then determined on each of
the rotation plots studied. By substituting these values in the regression
equation obtained from the virgin sod, an estimate of the nitrogen
content prior to the time the sod was broken could be obtained for
each plot. It was assumed that the nitrogen content of the virgin sod
did not change appreciably during the 30-year period of study, and that
the quantity of less than 0.005-mm. material in the plots had not changed
during the period of cultivation. :
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It was hoped that such a procedure could be used at the other stations
where original soil samples were not collected. However, poor correla-
tions were obtained at many of the other stations, and the procedure
was used only at Mandan. Perhaps if more samples had been collected
from the virgin sod, the correlations would have become significant.

To obtain an overall estimate -of the relationship between soil nitrogen
and particle size, the data from the virgin-sod areas at all of the stations
were grouped together. A total of 118 samples were available. The
data are plotted (fig. 3), together with”the regression line. The data

=)

8 .
|

J

Total nitrogen in soil (percent)

0 |-
on -
Y - 0.009849X-0.0011
_ ro=0.82
0.08 | 1 1 | |
10 12 14 16 18- 20

Particles less than 0.005 mm. in diameter (percent)

Ficure 2.—Relationship of percentage of total nitrogen in virgin soil to the percentage
of particles less than 0.005 mm. in diameter at Mandan, N. Dak.

from the individual stations are identified by different symbols, and the
poor relationship between the 2 variables at some stations can be noted.
For example, at Dickinson and Hays, the points are widely scattered,
while at Moccasin, the correlation is negative. Although the data from
Sheridan are arranged in a linear group, the regression line for these data
would be nearly horizontal and the correlation coefficient nonsignificant.
The correlation coefficient for all samples was 0.617 which was much
higher than required to be significant at the 1l-percent level. Although
the coefficient was highly significant, only 36 percent of the variation
in nitrogen content could be accounted for by differences in the content
of particles less than 0.005 mm. in diameter. It will be noted that in
general the relationship was much closer for coarser textured soils that
contained less than 30 percent of particles under 0.005 mm, in size,
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This method of determining what the nitcogen content of cultivated
soils was prior to the time the sod was broken may have merit on certain
soils, but if it is used, a rather large number of samples should be collected.

Comparison of Nitrogen and Carbon Content of Virgin
and Cropped Soils

A comparison of the total nitrogen content of unmanured cropped and
virgin surface soils at 14 locations in the Great Plains is shown (table 3).
The average loss of total nitrogen in surface soils at the 14 locations over
a 36-year cropping period was 39 percent. This represents a 1.07-
percent loss of soil nitrogen for each year of crop production.

TaBLe 3.—Total nitrogen changes in surface soils (0- to 6-inch depth, ercept as
indicated) at 14 locations in the Great Plains, as affected by 36 years of cropping

Total nitrogen content

Location Cropping | Years of

period | cropping| Virgin | Cropped | Change | Change
soils ! soils 3 with  (per yearof

cropping | cropping

Number | Percent | Percent | Percent | Percent
Mandan, N. Dak._______________________ 1913-43 30 0.160 0.116 - —0.93
Dickinson, N. Dak.______________________ 1907-47 40 .203 .149 —49 —-1.23
Havre, Mont_ ... _____.__________________ 1916-47 31 .151 .090 —40 —-1.29
Moceasin, Mont_________________________ 190847 39 . 300 .205 —32 —.82
Sheridan, Wyo__________________________ 1917-47 30 .159 .121 —24 —.80
Archer, Wyo.__ . 1913-47 34 122 .082 —33 —-.97
Akron, Colo_.___________________________ 190847 39 .134 .086 —36 —.92
Colby, Kans. .. __________________________ 1905-46 41 . 165 . 105 —36 —.88
Hays, Kans. ... ________________ 190346 43 .220 122 —45 —1.05
Garden City, Kans______________________ 190746 39 .120 .077 —36 —.92
Woodward, OKla._______________________ 1914-47 33 3.080 3,032 —60 —1.82
Lawton, Okla..._ 31 .154 .074 —b52 —1.68
Dalhart, Tex____ 39 .067 . 042 —37 —.95
Big Spring, Tex- 41 .060 . 041 —32 —-.78
Average. ... oo : 36 . 1566 .096 —39 —-1.07

1 Excegt at Mandan, Sheridan, and Woodward, virgin areas closely comparable in soil characteristics to
each of the cropped-solf areas were sampled in 1947, At Mandan, the samphn%edate was 1943. At Sheridan
and Woodward, virgin- and cropped-soil samples were taken from the same fleld; the virgin samples were
collected when the sod was originally broken in 1917 and 1914, respectively.

2 Cropped soils sampled at the end of the cropping period. Values reported for cropped soils are averages
of all cropping treatments except those receiving manure.

3 Values are for 0- to 12-inch depth. :

Soil nitrogen losses due to cropping have varied among locations,
ranging from 60 percent at Woodward, Okla., to only 24 percent at
Sheridan, Wyo. These percentage loss values, however, are relatively
constant when compare(F with the wide range in nitrogen contents of
virgin and cropped soils under investigation. For example, virgin soils
varied in total nitrogen content between 0.300 percent at Moccasin,
Mont., and 0.060 percent at Big Spring, Tex.; cropped soils varied
between 0.205 percent at Moccasin, Mont., and 0.032 percent at Wood-
ward, Okla. KEven though the total nitrogen content of virgin soils
showed a five-fold variation among locations, cropping and cultivating
have caused a relatively constant percentage reduction in nitrogen level.

Variations among locations in the nitrogen content of virgin soils, as
well as the degrees of change of this soil constituent because of cropping,
may be somewhat related to climate, soil, and other environmental factors.
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In general, the nitrogen content of the coarse-textured soils was lower than
that of the silt loam, loam, and clay loam soils. Soils from the more
southerly locations were generally lower in total nitrogen in their virgin
state than from those locations in the north. These results were in
agreement with those of Jenny (24). While there were many notable
exceptions, the decline in soil nitrogen with cropping was most striking
at locations having the highest annual precipitation. The high rates of
loss at Havre, Mont., and Dickinson, N. Dak., however, were not explain-
able on this basis.

At 11 locations where the organic carbon contents of unmanured culti-
vated andjvirgin soilsiwere investigated (table 4), the average loss per
year over a 37-year croppiag period was 1.15 percent. Results obtained
by Smith and coworkers (42) from the Texas Blacklands showed aa
average annual decline in organic matter of 1.50 percent in the plow layer.
At all locations, cropping caused a greater percentage reduction in organic
carbon than in nitrogen content. As an average of the 11 soils, 42 percent
of the organic carbon in virgin®soils was lost in 37 years of cropping. For
this same period and group of soils, 36 percent of the nitrogen was lost.

The relationship between the carbon and nitrogen contents of the
cultivated and virgin soils and the changes-in these relationships with
cropping are shown by the carbon/nitrogen (C/N) ratios (table 5). The
average C/N ratio of 7 virgin soils was 11.1; that of comparable cultivated
soils was 10.1. Thus, the reduction in the C/N ratio of these soils after
37 years of cropping has averaged 1.0; this is approximately a 9-percent
reduction basef on the average C/N ratio of the virgin soils. While the
magnitude of the change in the C/N ratio is not great, it would appear to
be a significant one in view of the similarity in trend for all of the 11 soils
under investigation.

TABLE 4.—Organic carbon changes in surface soils (0- to 6-inch devoth) at 11 locations
in the Qreat Plains, as affected by 37 years of cropping

Organic-carbon content

Location Cro;r)lping Years of

period | cropping Change | Change
Virgin | Cropped | with |peryearof

cropping | cropping

Number | Percent | Percent | Percent | Percent
1913-43 30 2.11 1.45 —31 —1.03
1907-47 40 3.64 1.51 —59 —1.48
1916-47 31 1.76 .83 —53 —-1.71
100847 39 3.24 2,19 —32 —.85
Sheridan, Wyo. .. ... 1017-47 30 1.66 1.19 -28 —. 03
Archer, Wyo....______._T_I1ITTITTIIIIT 191347 34 1.33 .78 —41| -121
Akron, Colo. oo C 1008-47 39 1.42 .77 —46 —1.18
Colby, Kans 1905-46 41 1.83 1.01 —45 —-1.10
Hays, Kans .. . .. 1903-46 43 2.47 1.21 —51 —1.19
QGarden City, Kans.. .| 1907-46 39 1.13 .69 —39 —1.00
Dalbart, TeX. - oo aecccccaacae 190847 39 .72 .44 -39 —1,00
AVerage. oo eceeeae 37 1.94 1.10 —42 —~1.15

Cropping has also been associated with decline in carbon and
nitrogen fractions of subsurface layers of soil (table 6). The average
annual loss at 7 stations was 0.40 percent of nitrogen and 0.53 percent of
organic carbon. The average period of years of cropping at these 7 sta-
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tions was 35. During this period an average of 15 percent of the nitrogen
was lost as well as 20 percent of the organic carbon. Here again, the
greater loss of carbon than nitrogen is evident even in the subsurface soils.

TaBLE 5.—Carbon/nitrogen ratio of cropped and virgin surface soils (0- to 6-inch
depth) at 11 locations in the Great Plains

Carbon/nitrogen ratio
Location Years h(J)f v c Ohan,
cropping Jrﬁln TOD) go
soils soiﬁed with
cropping
Number
Mandan, N. Dak. 30 13.2 12.5 -0.7
Dickinson, N. Dak 40 12.4 10.9 -15
Havre, Mont. 31 1.6 9.2 —2.4
Moccasin, Mont... 39 10.8 10.7 -1
Sheridan, Wyo. 30 10.4 9.8 —.6
Archer, 0 34 10.9 9.5 —1.4
Akron, Colo 39 10.5 9.9 -.6
Colby, Kans : 41 1.1 9.6 -1.5
Hays, Kans . 43 11.2 9.9 -1.3
Garden City, Kans_.__. 39 9.4 9.0 —.4
Dalhart, Tex. 39 10.7 10.5 -2
Average. 37 1.1 10.1 =10

TaBLE 6.—Total nitrogen and organic-carbon changes in subsurface layers of soil
at 7 locations in the Great Plains, as affected by 35 years of cropping

TOTAL NITROGEN CONTENT

Years of Soil Vir, Cropped | Change | Change
Station cropping | depth soﬁu soill::e

Number | Inches | Percent | Percent | Percent | Percent

6-12 |~ 0.119| = 0.109 i

Mandan, N. Dak 30 { 12-24 . 084 .080 —5 —17
Q 6-12 1163 1107 —34 —85

31 6-12 1108 2090 17 —. 56

30 7-20 17 1105 10 —.33

34 612 1089 J084 —6 —.18

39 6-12 1087 L081 -7 —.18

39 6-12 1059 1050 —15 —.38

Average. . 35 6-12 .104 .087 —15 —.40

6-12 1.49 1.3 -6| -0

Mandan, N. Dak 30 { 12-24 1ol 195 —6 —5
Dickinson, N. D&k -o—coeeeeeee m 6-12 187 8 Zi8| 12
Harve, Mont. 31 612 109 .82 17 —.55
Sheridan, Wyo_.. 30 7-20 121 107 —12 —40
Archer, Wyo 34 612 .83 76 —8 —
‘Akron, Colo. 39 6-12 79 165 -18 —48
Dalhatt, Tex. .. 39 6-12 160 48 —20 —.51
Average. .. 36 6-12 1.10 .84 -2 -. 53

To compare the results obtained from experimental stations with those
obtained under general farm conditions, virgin and cropped soils from
farms in North Dakota were analyzed for mitrogen and carbon. These
farms were located on Barnes, Morton, and Williams soils. A summary
of the results is presented (table 7).



TABLE 7.—Summary of average percentage of nitrogen and carbon and the carbon/nitrogen ratio for 8 soil series under virgin sod and cropped
land in North Dakota

Fields Nitrogen Carbon Carbon/nitrogen ratio
Soil Series Years Depth
Virgin | Cropped | cropped Virgin | Cropped | Change | Virgin | Cropped | Change | Virgin | Cropped Change
land land land land land land land land
Number | Number | Number | Inches | Percent | Percent | Percent | Percemt | Percent | Percent
0-6 0.415 0.254 -39 4.97 2.77 —44 12.0 10.9 -1.1
Barnes. - - - 8 7 57 6-12 .210 .130 —38 2.22 1.12 —50 10.6 8.6 —2.0
12-18 .120 .088 —27 1.12 .72 —36 9.3 8.2 -1.1
0-6 . 242 186 —23 2.88 2.02 —30 11.9 10.9 -1.0
Morton........__ 6 7 40 6-12 . 147 .134 -9 1.54 1.39 -10 10.5 10.4 -1
12-18 .114 .102 —11 1.17 .99 T —15 10.3 9.7 —.6
0-6 .285 .193 —32 3.35 1.99 —41 11.8 10.3 -1.5
‘Willlams. .- _____ 6 7 33 6-12 . 146 .115 —21 1.42 1.00 —30 9.7 8.7 -1.0
12-18 .110 . 091 -17 1.02 .78 —24 9.3 8.6 -7
0-6 .324 211 —35 3.86 2.26 —41 11.9 10.7 —-1.2
Average, allsofls_._____________ 20 21 43 6-12 172 .126 -27 177 1.17 —34 10.3 9.3 -1.0
: - 12-18 .115 . 094 —18 1.11 .83 —25 9.7 8.8 -9

TUNLINDIEDY d0 "LdHEd 'S ‘A ‘P9TI NILETIAS TVOINHOAL ¥1
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It will be noted that these results are somewhat in line with those ob-
tained from the experimental stations. The average nitrogen loss for
all surface soils was 35 percent, and the average carbon loss 41 percent.

The carbon/nitrogen ratio for all surface soils was reduced 1.2 by cropping.
The higher nitrogen Barnes soils have been cropped for a longer perilgg
which would no goubt increase nitrogen losses; but there is evidence that
the soils with greater nitrogen content lost a higher percentage of their
nitrogen. Thus, cropping tends to decrease the variability in nitrogen
between soils. It is also apparent that comparatively high losses have
occurred in the subsurface soils.

These results, together with those from the experimental stations,
emphasize the fact that sizable losses of nitrogen and carbon occurred in
the Great Plains soils after they were placed under cultivation. This
verifies the findings mentioned in the literature (5, 9, 18, 21, 25, 31, 33,
34, 37, 47).

Rate of Decline in Soil Nitrogen with Years of Cropping

Earlier work by Gainey and coworkers (18), Sewell and Gainey (40),
and Myers and coworkers (33) at 3 Kansas stations, as well as periodic
sampling and analyses by Prof. O. A. Beath on the rotation plots at
Sheridan, Wyo., made it possible to show graphically the trend in the
nitrogen content of the soil over a period of years at these 4 locations.
The decline in nitrogen content of the soil with years of cropping at Hays,
Colby, and Garden City, Kans., and at Sheridan, Wyo., is presented
(fig. 4). At Garden City, 2 experimental fields were available.

%‘he soil was not analyzed for nitrogen at the time the sod was broken
at Hays and Colby, Kans., and at the Garden City, Kans., main field;
therefore the nitrogen content of virgin-sod areas sampled in 1946 was
used for the beginning of the period. It was therefore assumed that the
nitrogen content of the sod had not changed from the time the sod was
broken until 1946, and that the virgin-sod area at each station was repre-
sentative of the experimental plots.

Samples were collected from the Garden City annex and from the plots
at Sheridan at the time the sod was broken; the data at these 2 locations
were therefore complete. Each curve (fig. 4) represents an average of a
number of rotations at each station. Rotations to which barnyard
manure had been applied were excluded. .

It is evident from thelgraph that at,the 3 Kansas stations, the nitrogen
content declined sharply during the first 10 to 20 years. After that, the
rate of decline decreased. This was particularly true of the 2 locations at
Garden City. At Sheridan,fthe decline was almost a straight line with no
tendency to level off.

It will also be noted that, with increasing years of cropping at the 3
Kansas stations, the differences in nitrogen content of the soil between
locations become narrower. Near the end of the period, however, the
curves are nearly parallel.

The period covered by these curves is too short to provide any indica-
tion of future trends. The higher nitrogen soil could continue to lose
nitrogen at a greater rate than the lower-nitrogen soil, so that at some
time m the distant future the soils at these 3 Kansas locations would be
similar in nitrogen content. Or it is possible that the soils would reach
equilibrium levels with different nitrogen contents.

218061—57——2
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Jenny (24) has discussed trends of soil nitrogen, and Woodruff (50) has
presented a formula for calculating the equilibrium level of a soil under a
given cropping treatment. In discussing the equilibrium concept, Jenny
states (p. 255% that “nitrogen may reach a definite level or stationary
state that depends on the productivity variables, climate, plant, soil, and

1- Hays, Kans.

02 I 2 - Sheridan, Wyo. -
3 - Colby, Kans.

4 - Garden City, Kans.? annex

5= Garden City, Kans., main field

0.18

0.14

Soil nitrogen (percent)

0.10
.5
0 1 - S | ]
0 10 .| 30 40.

Years of cropping

F1cure 4.—Decline in nitrogen 1ll:vercenta e"of the soil at Hays, Colby,Yand;Garden
City, Kans., and Sheridan, Wyo., with years of cropping.
management.” Thus, according to this statement, each of these soils
would eventually reach different equilibrium levels of nitrogen if the

same cropping systems were continued that had been used in the past.

Influence of Specific Cropping Practices on the Total
Nitrogen and Carbon Content and the Carbon/Nitro-
gen Ratio of the Soil

Detailed data from each location are presented in appendix tables 29 to
44, inclusive. Several comparisons were made of the effects of different
crz)lps or cropping practices on the nitrogen and_carbon’contents_of the
soil; these are discussed separately in the following sections.
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Effects of Small Grains

At a number of locations, several types of small grains were grown both
continuously and alternating with falﬁ'ow. To determine whether there
was any difference in the loss of soil nitrogen and carbon under various
small grains, the percentage change in nitrogen and carbon was de-
termined for each small grain. The average values of 2 continuously
cropped and 2 alternately cropped and fallowed plots were used for each
type of small grain. The nitrogen and carbon results are presented
(tables 8 and 9, respectively).

TABLE 8.—Effects of various types of small grains on percentage loss of nitrogen
in surface and subsurface soils under continuous and aliernate cropving and
fallow, compared with virgin sod ! at 9 locations in the Great Plains

SURFACE B80ILS?

Continuous cropping Alternate fallow
Yet;.rs
Location o
crop- | Win- g Bar- Win-
pring| Spring Spring Bar- |Spring
ping wgeerat wheat | 0818 | 16y | “roe w%eetat wheat | 98%5 | ey |  rye

Num-| Per- | Per- | Per- | Per- | Per- | Per-

Mandan, N. Dak__________
Dickinson, N. Dak.
Havre, Mont_...___ -
Moccasin, Mont..
Sheridan, Wyo.._._._._._.__

Archer, Wyo_

Akron, Colo.
Colby, Kans.
Hays, Kans.__..___.
Averageof4locations.._.| 33| —28 | —22| —18 | —23
Averageof 7locations....| 35 |-....._ —26 | —23 | —26
SUBSURFACE SOILS3
Mandan, N. Dak_..._____.| 30 |..._.... +4 0| +3 -5
Dickinson, N. Dak._. 40 |- —28 | —30 | —19 —37
Havre, Mont.__.___________ 31 0 —19 | =11 ... —19 —4 ] —12
Sheridan, Wyo_........._.| 80 -9 =1 44| +3[-ccc- —4 -9
Archer, Wyo__.._________ 34| —1| 43| 46| —1 |- —-1| -9
Akron, Colo 39 —2| 41| +3 | —13
Averageof2locations..__| 32| —10 +1| 46 41 [ -2 —9| =8| —12|...__.
Averageof 5locations____[ 35 |-_._.__ -5 —4| -2 —16| —16 | —16 |-

1 The plots at Colby and Hays were sam&lgd in 1916, and these values were used for determining percent-
age of change for the period 1916-46. The land had been cropped for several years prior to 1916. other
values are based on vli)t?gin sod.

3 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches, and the subsurface
samples from 6 or 7 to 12 inches. At Sheridan, the subsurface samples were taken from a depth of 634 to

inches.

The results show that the losses of nitrogen or carbon were not con-
sistently greater for any one type of small grain at all locations. The
extent of %zss was influenced to a certain extent by the adaptability and
production of each small grain at a given location. No doubt soil vari-
ability also affected the results at some of the stations. It is difficult to
determine from these results whether any one type of small grain in-
fluenced nitrogen and carbon losses more than any other type for the
region as a whole.
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TaBLE 9.—Effects of vorious types of small grains on percentage loss of carbon in
surface and subsurface soils under continuous and alternate cropping and failow,
compared with virgin sod,! at 6 locations in the Great Plains

SURFACE SOIL8?

Continuous cropping v Alternate fallow
Yezfars
Location o
crop- | Win- g Win- Bar-
pring Bar- | Spring Spring Spring
ping wfif;at wheat | 38| ley | rye wtigst wheat | 08ts | ley \"vg
Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per-
cent
Mandan, N. Dak. —-32
Havre, Mont —53
Sheridan, Wyo._.. —-34
Archer, Wyo —43
Colby, Kans —14
Hays, Kans._ ________.______ —18
Average of 3locations_.__| 31 —-30
Averageof4locations_._.| 31 -31
Mandan, N. Dak 30 |ooooo- 42| -2 44 | —6 | —11| —8 | ______
Havre, Mont... 31 0 —16f —9 [.____ —16 -5 —9 | =20 {._____ -31
Archer, Wyo___ 34 -13 +5| +1 -1 . —-11 —12 | =11 | =11 |.______
Averageof2locations____[ 32 —6 —b5| —4 | . —8| —10 | —16 |____|-——o___

1 The plots at Colby and Hays were sampled in 1916, and the values obtained were used for determining
percentage of change for the period 1916-46. The land had been cropped for several years prior to 1916.
All other values are based on virgin sod.

3 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches, and the subsurface
ia:n;lples from 6 or 7 to 12 inches. At Sheridan, the subsurface samples were taken from a depth of 634 to 20

ches.

At several of the locations, the differences are probably within the
experimental error, while at others there may be a real difference. Myers
and coworkers (33), reporting on :he results from Hays and Colby, Kans.,
for a shorter period of time, stated that the several small grains had
essentially the same effect on the soil nitrogen. Their conclusions were
based on adjusted nitrogen values to compensate for soil variation.

Continuous Cropping Versus Fallow for Small Grains and Row
Crops

A comparison of the effects of small grains and row crops, grown con-
tinuously or alternating with fallow, on the nitrogen content of the soil
is shown (table 10). Loss of nitrogen from surface soils under small
grains was considerably less than under row crops. The same was true
for the subsurface soils at most of the locations. Loss of nitrogen from
ithe subsurface soils was considerably less than from the surface soils at
nearly all locations, as would be expected.

It will also be noted that the loss of nitrogen under small grains was
greater for the alternate-cropping and fallow treatment than, for con-
tinuous cropping at all stations except Big Spring. Moisture-equivalent
data from %ig Spring indicate that soil from both the continuous and
alternate wheat and fallow plots was of finer texture than that from
virgin sod, and that soil from alternate fallow plots was of finer texture
than that from the continuous plots. It is possible that the original
nitrogen content of the wheat plots was higher than that of the virgin sod,
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which would account in part for the small loss presented (table 10). It
is also possible that the original nitrogen content of the alternate fallow
plots was higher than that of the continuous plots; this would explain the
greater loss shown for continuous cropping than for alternate fallow.

TaBLE 10.—Percentage change in nitrogen of surface and subsurface soils compared
with virgin sod,’ «under continuous and alternate cropping and fallow for small
grains and row crops at 14 locations in the Great Plains

Surface soils 2 Subsurface soils 2
Years
of Small grains Row crops Small grains Row crops
crop-
Location ping

Con- Con- Con- Con-
tinu- | Alter- [ tinu- | Alter- | tinu- | Alter- | tinu- | Alter-
ous nate ous nate ous nate ous nate
crop- | fallow | crop- | fallow | crop- | fallow | crop- | fallow

ping ping ping ping
Number| Percent| Percent| Percent| Percent| Percent| Percent| Percent| Percent
Mandan, N. Dak___________ 30 —18 -27 —36 —40 +2 —8 —14 —18
Dickinson, N. Dak__ g(; —§‘§

39 -27

30 —22

34 —26

39 —28

30 —9

30 -10

30 -11

‘Woodward, Okla___________ 33 |-
Lawton, Okla.._ 31 —47
Dalhart, Tex 39 |-
Big Spring, Tex.. 41 —15
Average of 11 locations. .__ 33 —24
Average of 8 locations_____ 34 —-29

1 The plots at Colby, Hays, and Garden City were sampled in 1916, and these values were used for deter-
mining percentage of change for the period 1916-46. The land had been cropped for several years prior to
1916. All other values are based on virgin sod.

2 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The values for
‘Woodward are for the 0- to 12-inch depth. The majority of the subsurface samples were taken from 6 or 7
to 12 inches. At Sheridan, the depth was 634 to 20 inches.

The loss of nitrogen was greater under alternate row crop and fallow
than under continuous row crops at only 7 out of 13 stations. The
average loss of nitrogen from the surface soil for those locations where
data were available for all treatments in both depths was 29 percent for
continuous small grains, 33 percent for alternate small grains and fallow,
47 percent for continuous row crops, and 48 percent for alternate row
crops and fallow. For the subsurface soil, the losses were 7, 14, 20, and
21 percent, respectively.

he fact that small grains, especially those grown continuously, have
been much less destructive to soil nitrogen than row crops, verifies the
findings of previous investigators (18, 24, 33, and 39). The wheat at
most of the locations was generally harvested with a binder, and the
straw removed for the major portion of the period was reported.

A few of the stations began using combines in the early 1930’s, about
midway in the period. If combines had been used during the entire
period, perhaps the loss of nitrogen would have been even less under
wheat. Most of the row crops were harvested with a binder and the
entire crops removed, leaving little crop residue on the land.



20 TECHNICAL BULLETIN 1164, U. S. DEPT. OF AGRICULTURE

The greater loss of nitrogen from row-crop land than from small-grain
land was due to several factors. The amount of nitrogen removed by
row crops may have been greater than that removed by small grains,
which would account for part of the difference in loss. If cultivation
promotes loss of nitrogen by volatilization, a greater loss could be expected
under intertilled crops than under small grains. Leaching of the nitrogen
below the depth of sampling may have been greater under row crops, and
wind and water erosion may also have been more severe under these crops
at some locations.

The fact that alternate small grains and fallow may show a greater loss
of nitrogen than continuous small grains has been known for some time.
Thatcher (45) reported in 1912 that workers in Minnesota, North Dakota,
and Nebraska found a greater loss of nitrogen under fallow. He stated
that this was probably caused almost entirely by volatilization, inasmuch
as leaching would not account for the loss under dryland conditions.

Smith and Vandecaveye (41) reported on data obtained in Washington,
and Newton and coworkers (34) referred to results obtained in Canada,
which showed higher losses under alternate small grains and fallow than
under continuous small grains.

Lyon (28), reporting on an investigation conducted at Cornell in
lysimeters, showed that soil which was kept bare for 10 years and cropped
for 5 years had an average annual loss of 25 pounds of nitrogen per acre;
this could not be accounted for by removal of crops and drainage water.
When the soil was cropped throughout the period, there was no loss that
could not be accounteg for by removal in crops and drainage water. He
stated that the lack of vegetation is evidently a factor in increasing the
loss of nitrogen in gaseous form. He also stated that other factors may
contribute to the loss of nitrogen in gaseous form—tilling or stirring the
soil, high nitrogen content of the soil, application of large quantities of
nitrogenous manures, and possibly the application of lime to some soils,

Broadbent (7), working with certain soils in California, concluded that
part of the large losses of nitrogea from those soils is probably the result
of aerobic denitrification.

At Sheridan, Wyo., 1 plot had been continuously fallowed for 30 years;
that is, no crop had been grown, and the plot was cultivated to control
weeds. This plot had lost 43 percent of its nitrogen from the surface 7
inches of the soil during that period; this was a greater loss than had
occurred on any of the other cropping treatments. This plot, however,
was subject to considerable wind and water erosion, which would account
in part for the high loss of nitrogen.

Naturally, the less cover there is on a soil, the more subject that soil
is to wind and water erosion. Numerous investigators have reported on
such losses (12, 13, 14, 23, 27, 32, 36, 38, 49). Although no actual
measurements were made, it is believed that in most instances the loss
of soil by wind or water erosion from the plots reported on in this study
was slight and certainly would not be as great as from large fields. Vola-
tilization may account for a portion of the greater loss of nitrogen from
fallowland, and it is possible that leaching of nitrogen to depths below
those which were sampled may also have been a factor. This nitrogen
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would probably still be available to the plants in most years under dryland
conditions, but it could not be accounted for in the depths sampled in
this study.

The loss of nitrogen under alternate small grains and fallow may
appear to be only slightly greater than under continuous cropping; but
considering the fact that at most locations less crop is removed from
the land under a fallow system, the differences in nitrogen loss become
more significant. These differences emphasize the importance of factors
other than crop removal. The average amount of wheat removed per
plot at 8 locations under the alternate crop and fallow system was approxi-
mately 86 percent of that under continuous cropping. Where corn was
used, the amount of grain removed was approximately 62 percent.

A comparison of the effect of small grains and row crops, grown con-
tinuously or alternating with fallow, on the organic-carbon content of the
soil is presented (table 11). The situation for organic carbon was much
the same as for nitrogen, although the percentage loss of carbon was
greater than for nitrogen with a few exceptions in the subsurface soil.

TABLE 11.—Percentage change in organic carbon of surface and subsurface soils
compared with virgin sod,! vnder continuous and alternate cropving and fallow
for small grains and row crops at 7 locations in the Great Plains

Surface soils 2 Subsurface soils 3
Years | Small grains Row crops Small grains Row crops
Location of cirl?p-
ping

Contin-| Alter- |Contin-| Alter- Contin-| Alter- |{Contin-| Alter-
uous | nate | uous | nate | uous | nate | uous | nate
crop- | fallow | crop- | fallow | crop- | fallow | crop- | fallow

ping ping ping ping
N;Lm- Per- Per- Per- Per- Per- Per- Per- Per-
er

cent cent cent cent cc’{l!-tz cent cent cent

Mandan, N. Dak 30 -22 —28 —38 —44 —6 —18 —19
Havre, Mont.___ 31 —46 —53 —62 —65 —-10 -17 —27 —34
Sheridan, Wyo_ 30 —28 —34 —41 e % 3 PO SRR (RSO DU
Archer, WYo.... 3¢| -35| —43| —52| —b2| —2| 1| =197 Tie
Colby, Kans. .. 30 —21 —28 —40 —44 -
Hays, Kans....______ 30 —25 —28 —42 —52
Garden City, Kans___.__.___ 30 —32 —25 —46 —40
Average of 3 locations.._._ 32 —34 —41 —51 —b54 -3 -11 —21 —24
Average of all 7 locations. _. 32 —30 —34 —48 —49 -

1 The plots at Colby, Hays, and Garden City were sampled in 1916, and these values were used for deter-
percentage change for the period 1916-46. The land had been cropped for several years prior to

1916. All other values are based on virgin sod.
3 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority of
subsurface-soil samples were taken from 6 or 7 to 12 inches. | At Sheridan, the depth was 634 to 20 inches.

The carbon/nitrogen ratios of surface and subsurface soils under con-
tinuous and alternate cropping and fallow for small grains and row crops,
at the beginning and at the end of the cropping period, are presented
(table 12). The greater loss of carbon than of nitrogen is apparent in
the carbon/nitrogen ratios. During the period, all ratios were reduced
in the surface soil, and most of them in the subsurface soil. There was
less reduction in the lower depth than in the upper. The greatest reduc-
tion occurred under row crops alternating with fallow.
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TaBLE 12.—Carbon/nitrogen ratios of surface and subsurface soils under continuous
and alternate cropping and fallow for small grains and row crovs, at the beginning !
and at the end of the cropping period, at 7 locations in the Great Plains

SURFACE SOILS?

Small grains Row crops
Years
of Continuous Alternate Continuous Alternate
Location €rop- cropping fallow cropping fellow
ping
Begin- | End | Begin-| End | Begin-| End | Begin-| End
ning ning ning : ning
Number
Mandan, N. Dak_____.____. 30 13.1 12.6 13.1 12.6 13.2 12.5 13.2 12.3
Havre, Mont.___-- - 31 11.6 9.6 11.6 9.1 11.6 8.8 11.6 8.7
Sheridan, Wyo.. - 30 10.3 9.5 10.0 9.9 10.3 9.3 10. 4 9.0
Archer, Wyo.._ 1 84| 109| 97| 09| 94| 19| 89| 109 89
Colby, Kans.__ 30 11.4 9.8 10.7 10.3 11.5 9.8 11.0 8.2
Hays, Kans___ 30 11.7 9.8 11.7 10.0 11.8 10.2 12.5 9.8
Graden City, - 30 11.9 9.0 10.9 9.4 11.1 8.3 | '1L0 9.0
AVerage. . cceeceeaa- 31 11.6 10.0 11.3 10.1 11.5 9.7 11.5 9.4
SUBSURFACE SOILS 3

30 12.6 12.5 12.5 12.6 12.6 12.0 12.4 12.2

31 9.2 9.4 9.2 9.0 9.2 8.8 9.2 8.8

34 9.3 9.1 9.3 8.8 9.3 8.6 9.3 8.5

32 10.4 10.3 10.3 10.1 10.4 9.8 10.3 9.8

1 Carbon/nitrogen ratios for Mandan, Havre, and Archer for the beginning of the period are based on
samples collected from virgin sod at end of the period and are assumed to be the same as at the beginning

of the period. i
3 Thg majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority of
the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 63§ to 20 inches.

Barnyard Manure Versus No Manure

The effect of barnyard manure in a rotation on the loss of nitrogen and
organic carbon from the soil, as compared with a similar rotation without
manure, is presented (table 13).

The rotations were 2-, 3-, or 4-year rotations. Manure was applied
to 1 plotin a rotation each year. Thatis, a given plotin a 2-year rotation
would receive manure every 2 years; in a 3-year rotation, a given plot
would receive manure every 3 years; and soon. The average annual rate
of application for a given plot ranged from ap(froximately 2% to 5 tons
of barnyard manure per acre. This amounted to approximately 25 to
50 pounds of nitrogen per acre annually.

he data presented show that the application of manure reduced the.
loss of nitrogen and carbon at all locations and in both depths. At some
locations the benefit from manure was only slight, while at others it was
considerable. Both nitrogen and carbon data were available for both
treatments and depths at only 5 of the 12 locations. The mean loss of
nitrogen from the surface soils at these 5 locations was 33 percent from
the rotation without manure and 14 percent from the rotation with
manure. For the subsurface soils, the values were 14 and 7 percent,
respectively. The average loss of organic carbon at those same 5 stations
was 39 percent from the rotation without manure and 19 percent from
the rotation with manure for the surface soils. For the subsurface soils,
the values were 15 and 8 percent, respectively. Although the loss of
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nitrogen from the manured rotations has been approximately one-half
that of the rotations without manure, total crop removal from the former
has been only 11 percent greater.

TaABLE 13.—Percentage change in nitrogen and organic carbon of surface and sub-
surface s0ils,! compared with virgin sod,? in rotations with and without manure

at 12 locations in the Great Plains

Total nitrogen Organic carbon
Years
of Surface solls | Subsurface soils| Surface soils | Subsurface soils
Location crop-
ping 3
‘With- | With | With- | With | With- | With | With- | With
out |manure| out |manure| out |manure| out |[manure
manure manure manure manure
Number| Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
Mandan, N. Dak_—_....___. 30 -31 —4 -13 +7 —-35 -9 -12 +7
Dickinson, N. Dak_ 40 —49 -39 -30 =10 [ oo
Havre, Mont_.__. 31 —43 —-32 -20 —18 —53 —43 —21 -17
Mocassin, Mont .. 39 —32 L) N (RSN SRR ISR FPSMI AR R,
Sheridan, Wyo... 30 —26 +6 -9 -10 —-30 +8 -10 -8
Archer, Wyo. 34 —34 -19
n, Colo. 39 —38 —22
Colby, Kan 30 —24 -16
Hays, Kans.__._....__._.... 30 —-32 —29
33 —53 fong ! ) [SURR, NN MU EI IR
31 —52 —48 —-20 L 02 RS SIS SN N
39 -31 —22 -20 -17 —38 —25 —25 —18
Average of all 12 locations._ 34 —37 s [ (Y S SN AU A
Average of 5 locations.... 33 -33 —14 —14 -7 -39 —19 -15 -8
Average of 8 locations_.... 34 —38 —-22 —16 - 7 PR [N ESEU

1 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The values at
‘Woodward are for the 0- to 12-inch depth. The majority of the subsurface samples were taken at depths
from 6 or 7 to 12 inches. At Sheridan, the depth was to 20 inches.

3 The plots at Colby and Hays were sampled in 1916, and these values were used for determining per-
centage change for the period 1916-46. The land had been cropped for several years prior to 1916. All
other values are based on virgin sod.

3 The cropping period began with the year the land was broken except at the Kansas stations. Manure
was applied during the entire cropping period shown at all stations, except Akron where it was applied 23
years, Woodward where it was applied 28 years, Lawton where it was applied 28 years, and Dalhart where
it was applied 33 years.

Sheridan was the only station where the manure increased the nitrogen
and carbon contents of the surface soil above the increase for virgin sod.
At Mandan, there was only a slight reduction in these elements where
manure was applied. The nitrogen content of the subsurface soil was
ircreased slightly at 3 of the locations where manure was applied. Brage
and coworkers (6) pointed out that numerous investigators reported
difficulty in increasing the nitrogen or carbon content of the soil by
alll)p]ications of barnyard manure. In the study in Minnesota, however,
they showed that where manure had been applied to a 4-year rotation
over a period of 30 years at different rates, the nitrogen content of the
soil was progressively higher than the check treatment with each additional
increment of manure applied.

The quantity of nitrogen in the manure should have been sufficient to
meet the needs of the crops. It is therefore apparent that considerable
nitrogen has been lost by means other than crop removal. As mentioned
earlier, Lyon (28) stated that the application of large quantities of
manure may contribute to losses of nitrogen in the gaseous form. The
rates of application were not excessive, but these amounts on soils that
had been broken from sod for a relatively short time may have been
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sufficient for volatilization to occur. Russell (38, pp. 299-300) states
that where much organic matter occurs, as in soils ﬁeavily manured or
in certain virgin soils, it is difficult to account for the lost nitrogen. It
was assumed that part of the nitrogen was lost as gas during oxidation of
organic matter.

It is possible that volatilization may have accounted for some loss of
nitrogen from manured land. Leaching from the depth of sampling may
also have been a factor; but inasmuch as little of the nitrogen at this level
would have been lost from the root zone, most of it was still available for
plant use. Wind and water erosion may account for nitrogen losses in
some instances.

The carbon/nitrogen ratios at the beginning and at the end of the
cropping periods, for soils in rotations with and with out manure, are
presented (table 14). In the surface soils, the ratios were reduced at
every location in both treatments. In the subsurface soils, the ratios
were reduced at some locations and increased at others. The average
ratio of the surface soils for 5 of the locations was reduced approximately
1.0 by cropping, whereas the average ratio for the subsurface soils was
only reduced approximately 0.1 or 0.2. The carbon/nitrogen ratio at
the end of the period was usually only slightly higher under the manured
rotation than under the rotation without manure.

TaBLE 14.—Carbon/nitrogen ratios of surface and subsurface soils, at the beginning !
and at the end of the cropping period, for rotations with and without manure,
at 7 locations in the Great Plains

Surface soils 3 Subsurface soils 2
Years
Location of |Withoutmanure| With manure |Withoutmanure| With manure
crop-
ping
Begin-| End | Begin-| End | Begin-| End | Begin-| End
ning ning ning ning
Number
Mandan, N. Dak_._________ 30 13.1 12.4 13.2 12.5 12.5 12.6 12.5 12.6
Havre, Mont._.__.__. - 31 11.6 9.6 11.6 9.8 9.2 9.1 9.2 9.2
Sheridan, Wyo. .. - 30 10.4 9.9 10.5 10.7 10.3 10.3 10.2 10.4
Archer, Wyo..__- | sa| 19| 97| 09| e8| 93| 92| 9.3 8.9
Colby, Kans. - 30 10.1 9.3 10.6 [ 35 PSR IS S S
Hays, Kans.__ -- 30 10. 6 9.8 10.7 10.1 oo [
alhart, TeX- - .-ccooaooon 39 10.9 9.9 10.9 10.4 10.2 9.5 10.2 10.0
Average of all 7 locations._ 32 11.1 10.1 11.2 b (1): 35 PR RO AR A,
Average of 5_ - oo 33 11.4 10.3 11. 4 10.6 10.3 10.1 10.3 10.2

1 Carbon/nitrogen ratios for Mandan, Havre, Archer, and Dalhart for the beginning of the perlod are
on samples collected from virgin sod at the end of the period and are assumed to be the same as at the
beginning of the period.
2 The majority of the surface soil samples were taken at depths from 0 to 6 or 7 inches. The majority of the
subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

Effects of Green-Manure Crops on Soil Nitrogen and Carbon

The percentage change in nitrogen and carbon content of the surface
and subsurface soils, in rotations with and without green manure, is
presented (tables 15 and 16, respectively). The carbon/mitrogen ratios
at the beginning and at the end of the period are presented (table 17).
In these investigations, 2-, 3-, or 4-year rotations were used, the 4-year
rotation being dpredominant. The legumes used were sweetclover,
cowpeas, or field peas; these were usually plowed in spring or early
summer and fallowed the remainder of the season.
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TABLE 15.—Percentage change in nitrogen of surface and subsurface soils compared
with virgin sod,! in rotations with and without green manure, at 13 locations in
the Great Plains

Surface soils 3 Subsurface soils &
Location Years of
cropping3| No green| Rye, |Legume, |Nogreen| Rye, Legume,
manure | green green | manure | green green
manure | manure manure | manure
Number Percmi Pcrcegé Percent | Percent Perce'n:t’ Percent
40 —50 —48 —50 —=37 —31 —35
31 =37 4—36 (oo - —15 4—6 | oo
39 —-32 —32 -
30 =21 —18 —19 —10 —6 -7
34 —34 —=30 —33 —6 —4 —6
Akron, Col 39 —37 =37 -33 -8 —8 -3
Colby, Kan: 30 —28 =27 —-30 -
Hays, Kans._ 30 -18 —14 —-17 -
Garden City, Kans___.._______ 30 —18 —22 | ..
Garden City, Kans., Annex _ . 15 —25 -25 —24 |||
Woodward, Okla___ ___________ 33 —62 —61
m, Okla_________22771TC 31 - —47 2 I T
Average of 8 locations____ 31 —30 —29 -30
Average of 5 locations____ 35 —35 -33 -33 -15 -12 —12

1 The plots at Colby, Hays, and Garden Cp‘i‘g, Kans., were sampled in 1916, and these values were used
for determminiﬁeroentage cimnge for the od 1916-46. The land had been cropped for several years
prior to 1916. other values are based on vtrgin sod.

3 The green manure rotations were in effect for the entire cro%ping period at all stations except Wood-
ward where they were in effect for 29 years, and Lawton where they were in effect for 28 years.

3 The ma]orlt?' of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The values at
‘Woodward are for the 0- to 12-inch depth. The majority of the subsurface samples were taken from 6 or
7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

4 For the first 20 years, the area occupied by this rotation was in a rotation in which peas were plowed
under for green manure.

TaABLE 16.—Percentage change in organic carbon in surface and subsurface soils
com{ared with virgin sod,! in rotations with and without green manure, at 8 locations
in the Great Plains

Surface soils 2 Subsurface soils 3

Location Years of

cropping | No green| Rye, | Legume, Nogreen| Rye, | Legume,
manure | green green | manure | green green
manure | manure manure | manure

Number | Percent | Percent | Percent | Percent | Percent | Percent
30 33 36 33 -11

- - - —14 —10

31 —50 =51 .. —16 =12 .
30 -2 —-22 —26 -9 -7 -9
34 —41 —40 —40 —6 -8 -7
30 =37 —34 —43
30 —30 -29 —29
30 —-32 —35
15 -31 -30 -35 e

Average of 6 locations____ 28 —33 —-32 —34

Average of 3 locations. _._ 81 -33 —33 -33 -9 -10 -9

1 The plots at Colby, Hays, and Garden City, Kans., were sampled in 1916, and these values were used
for determinmiﬁereentage dmnge for the od 1916-46. The land had been cropped for several years
prior to 1016. other values are based on sod.

3 The majority of the surface-soil samples were taken at d?ths from 0 to 6 or 7 inches. The majority of
the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

The data show that neither rye with green manure nor legume with
Ereen manure were effective in reducing the losses of nitrogen and carbon.
arbon /nitrogen ratios in the green-manure rotations were approximately
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the same as in rotations without green manure. At Sheridan, Wyo.
(see appendix table 34), 1 plot had been grown continuously to peas for
a 30-year period. All the crop was plowed under for green manure each
year. The soil from this plot lost 28 percent of its nitrogen, which was
as high as from row-crop and small-grain rotations where the crops had
been removed. Wind and water erosion, however, was a problem on this
plot, which probably would account for some of the loss.

TABLE 17.—Carbon/nitrogen ratios of surface and subsurface soils, at the beginning !
and at the end of the cropm}r)zf period, for rotations with and without green manure
a

at 8 locations in the Great Plains
Surface soils 2 Subsurface soils 3
Years
of No green | Rye, green | Legume, No green | Rye, green | Legume,
Location crop-| manure manure |green manure| manure manure (green manure
ping
Begin-|End|Begin-|End|Begin-| End|Begin-| End|Begin-| End|Begin-| End
ning ning ning ning ning ning
l\gl,m-
er
Mandan, N. Dak_. 30] 13.1] 12.6| 13.2 12.4| 13.1] 12.5| 12.5/ 12.9] 12.6| 12.5| 12.6] 12.3
Havre, Mont__.___ 31 11.6f 9.3 11.6| 8.9 ._____| ... 9.1 8.7 9.10 85|
Sheridan, Wyo_____ 30] 10.3[ 9.9| 10.6{ 10.1] 10.3| 9.4/ 10.0/ 10.1f 10.0/ 9.9] 10.1] 9.9
Archer,Wyo ....... 34/ 10.9| 9.7 10.9] 9.4 10.9| 9.8 9.3| 9.2 9.3] 8.9 9.3 9.2
Colby, Kans.____._ 30| 1L.3| 9.8/ 10.7| 9.8f 115 9.3| . i |-ccoo|-aea-- - -
ays, Kans._______ 30; 10.8/ 9.2 11.9) 9.8 11.3[ 9.6| - | o oofoeooo o] eeeam
Garden City,
Kans..._...__..___. 30| 116 9.8 11.1] 9.2| | | _fooo ) (RPN PSSP .
Garden City,
.y ) S 156 9.9 9.1 10.1) 9.4] 10.3| 8.9 | o |oeo oo
Average of 6
locations______. 28| 110/ 10.0] 11.2)10.2| 112} 9.9t |eooooofe e ]eeas
Average of 3
locations_._____ 31 11.4| 10.7 11.6( 10.6 11. 4] 10. 6| 10.6( 10.7 10. 6{ 10. 4| 10.7| 10.5
1 Carbon{]nitrogen ratios for Mandan, Havre, and Archer for the beginning of the period are based on
samples collected from virgin sod at the end of the period, and are assumed to be the same as at the beginning

of the period.
2 The majority of the surface soil samples were taken at depths from 0 to 6 or 7 inches. The majority of the
subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

These results are, in general, contrary to those obtained in more humid
regions. Tidmore and Volk (46), working in Alabama, reported that at
the end of a 9-year period, soils on which legumes were plowed under
contained about 30 percent more nitrogen than soils that received no
legumes. The nitrogen content of the nontreated plot was 0.035 percent.

Jones (26), also working with soils in Alabama, found that growing
vetch on the Hartsells and Decatur soils resulted, respectively, in net
annual gains of 66 pounds and 52 pounds of nitrogen per acre. When
vetch was grown foﬁowing fall-turned soybeans, the annual net gain in
nitrogen amounted to 43 pounds on Norfolk, 66 pounds on Hartsell:, and
104 pounds on Decatur soil. The nitrogen content of these soils was
0.019, 0.039, and 0.078 percent, respectively. Chapman and Liebig (10),
working in California with purple vetch and annual yellow sweetclover
in lysimeters, reported that over a 10-year period there had been a net
unaccounted-for gain of over 100 pounds of nitrogen per acre where
these legumes had been plowed under as green manure.

Greaves and Jones (20), working with legumes grown in jars over a
16-year period in Utah, found that where the legume was removed, no
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gains in soil nitrogen were obtained; but if the legume crop was plowed
under, appreciable gains resulted.

Greaves and Bracken (19) reported results from Nephi, Utah, which
showed that peas in rotation with wheat tended to maintain the nitrogen
content of the soil over a 25-year period. ,

Lyon and Wilson (29), working at the Agricultural Experiment Station
of Cornell University, found that where various legumes and nonlegumes
were plowed under each year over an 11-year period, the vetch plots lost
42 pounds of nitrogen per acre; the rye plots, 217 pounds per acre; the
plots planted to peas, 380 pounds per acre; the oats plots, 382 pounds per
acre; and the buckwheat plots, 412 pounds per acre. This would indicate
that rye was more effective than peas in reducing nitrogen losses.

The question may logically be raised as to why results from the Great
Plains are contrary to those from other regions. There are several
possible reasons for this discrepancy: (1) Moisture is generally limited
in the Great Plains, and nitrogen may not be fixed by the symbiotic
organisms as readily under this condition. Satisfactory stands of green-
manure crops are not always obtained; this is especially true of sweet-
clover. Furthermore, the growth and development of the root system
may be restricted under dryland conditions which might influence the
fixation of nitrogen. (2) Inasmuch as these soils have been broken from
sod for a comparatively short time, it is possible that the organisms may
be able to obtain their nitrogen requirements from the soil and do not need
to fix nitrogen from the air. (3) Nitrogen that has been fixed by the
organisms may have been leached below the depth of sampling. (4)
Nitrogen may have been fixed by the organisms, but lost by volatilization
during the fallow period following the plowing under of the green manure.
(5) Nitrogen may have been fixed, but the crops removed following the
green-manure rotation may have contained a higher percentage of nitro-
gen. In general, green manure has not increasecf the yield of crops which
follow, but the total pounds of nitrogen per acre removed in the crops may
have been greater.

The results obtained in this study indicate that green manures have
been of little or no value in reducing the loss of nitrogen under dryland
conditions in the Great Plains. These results also suggest the need for
further study of this problem to determine why greater benefit has not
been received from the use of green-manure crops.

Effects of Grass and Alfalfa on Nitrogen and Carbon Changes

The percentage change in the nitrogen and carbon content of the
surface and subsurface soils of rotations with or without grass or alfalfa
are presented (table 18). The corresponding carbon/nitrogen ratios
are also presented (table 19).

The grass or alfalfa rotations contained 6 plots each. Of these plots, 3
were in grass or alfalfa, aud 3 were in a rotation of corn, wheat, oats.

Un.il 1937, 1 plot of grass or alfalfa was broken each year, and 1 of the
annual crop plots was seeded to grass or alfalfa each year. The annual
crop rotation was moved 1 plot each year, to include the plot that had been
broken from sod. By this system, a specified plot was in grass or alfalfa
for 3 years.
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In 1937, the rotations at some of the stations were changed to a deterred
type in which a sod plot was plowed every 4 years. Thus, the grass or
alfalfa remained on a given plot for 12 years.

The rotation without grass or alfalfa was a 3-year rotation of corn,
wheat, oats. The crops were harvested and removed from the land in
each rotation.

TaABLE 18.—Percentage change in nitrogen and organic carbon in surface and sub-
surface soils compared with virgin sod, in rotations with and without grass or alfalfa,
at 4 locations in the Great Plains

NITROGEN
Surface soils ¢ Subsurface soils
Location Rotation| Grass Alfalfa- | Rotation| Grass Alfalfa
Years of | without and and without and and

cropping | grass or grain- grain- grass or grain- grain-

alfalfa crop crop alfalfa crop crop

rotation | rotation rotation | rotation

Number | Percent | Percent | Percent | Percent | Percent | Percent
Mandan, N, Dak._______._____ 30 -31 —2b —18 -13 —6 +3
Dickinson, N. Dak._.__ 40 —49 | . —44 =30 [oeoo_ =31
Sheridan, Wyo_._ ... 30 -7 ~i3 —~18 —10 =3 —b
Archer, Wyo._______._ 211110 34 34 —30 —35 —6 -3 -9
Average of 3 locations..__ 31 -31 -23 —24 -10 -6 —~4

ORGANIC CARBON

Mandan, N. Dak.___ 30 —36 —-29 —24 —13 -8 +3
Sheridan, Wyo. 30 —31 —20 —26 L (L PR B
Archer, Wyo._._. 34 —41 —38 —44 —6 —4 -8

Average of 2 locations____ 32 —-38 —34 —~34 —10 —6 —2

1 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority
of the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan the depth was 634 to 20 inches.

The data presented indicate that the grass or alfalfa rotations reduced
the loss of nitrogen and carbon at Mandan and Sheridan but had little
effect at the other stations. At Sheridan and Archer, there was less
loss of nitrogen from the gross rotation than from the alfalfa rotation.
This is difficult to explain unless it is because the amount of nitrogen
removed by crops in the alfalfa rotation was considerably greater than
in the grass rotations. At Mandan, the alfalfa rotation was more effec-
tive in reducing the loss of nitrogen than was the grass rotation, and
the total amount of crop removed was greater. The nitrogen content
of the crops was not determined, but it is assumed that the amount of
nitrogen removed in the crops would have been greater in the alfalfa
rotation. It would appear, then, that the alfalfa is adding nitrogen to
the soil at Mandan, but not in sufficient quantities to maintain the soil
at its original level. '

The greater loss of carbon than of nitrogen is reflected in the decrease
in the carbon/nitrogen ratio from the beginning to the end of the cropping
period in the surface soils. The ratios at the end of the period for the
grass and alfalfa rotations were approximately the same as for the rota-
tion without these crops. Cropping had little effect on the C/N ratio
in the subsurface soils, but the ratio was. slightly higher in the alfalfa
rotation than in the others at the end of the period.
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TABLE 19.—Carbon/nitrogen ratios of surface and subsurface soils, at the beginning !
and at the end of the cropping period, for rotations with and without grass or alfalfa,
at 3 locations in the Great Plains

SURFACE BSOILS?

Rotation without Grass- and grain- Alfalfa and grain-
grass or alfalfa crop rotation crop rotation
Location Years of
cropping
Begin« End Begin- End Begin- End
ning ning ning _
Mandan, N. Dak______________ 30 13.1 12.3 13.2 12.5 13.2 12.3
Sheridan, Wyo_...._ 10.5 9.9 10.8 9.9 10.6 9.5
Archer, Wyo.__.____.._ -2 10.9 9.7 10.9 9.6 10.9 9.5
Average of all 3locations. . 31 11.5 10.6 11.6 10.7 11.6 10.4
SUBSURFAOE SOILS 3
Mandan, N. Dak. 30 12.5 12.5 12.5 12.3 12.5 12.6
Sheridan, Wyo..__ 30 10.4 10.4 |- 10.0 |ococooooo 10.0
Archer, Wyo.__ ... 34 9.3 9.2 9.3 9.3 9.3 9.4
Average of 2 locations..__ 32 10.9 10.8 10.9 10.8 10.9 11.0

1 Carbon /nitrogen ratios for Mandan and Archer for the beginning of the period are based on samples
collected from virgin sod at the end of the period and are assumed to be the same as at the beginning of the

1 The majority of the surface-soil samples were taken at depths from 0 to 6 or 7 inches. The majority
of the subsurface samples were taken from 6 or 7 to 12 inches. At Sheridan, the depth was 634 to 20 inches.

The number of locations having grass or alfalfa rotations was so
limited, and the results so variable, that it is difficult to draw definite
conclusions.

It is apparent, however, that neither grass nor alfalfa grown in rotation
with annual crops was able to maintain the nitrogen or carbon content
of the soil at the same level as virgin sod. In fact, the losses from these
rotations were substantially the same as from plots continually cropped
to small grains. (Compare table 18 with table 10.) Grass grown
continuously on the same soil would be expected to maintain the nitrogen
at a level approximately equal to that at the time the grass was seeded;
but where annual grain crops are rotated with the grass, a decline in
nitrogen would be expected. McHenry and coworkers (30), working
at North Platte, Nebr., with grass stands ranging in age from 1 to 9
years, found that losses of nitrogen occurred in all plots except one.
Those plots which had been in grass more than 6 years out of the 9 con-
tained significantly more nitrogen than those which had been in con-
tinuous cultivation, although they had actually lost some of their original
nitrogen.

Results at Mandan, N. Dak.,” showed that the nitrogen content of
the surface 6 inches of soil, which had been in grass for 6 years, was
ail:roximately the same as at the time it was seeded to grass. Land
which had been cropped to corn and wheat during that period lost 6
percent of its nitrogen.

Thus, since annual crops were rotated with grass in those rotations
reported upon (table 18), the results are not too surprising. It was ex-
pected, however, that alfalfa in rotation with annual crops would ma-

7 Unpublished imental data on file at United States Northern Great Plains
Field station, Mandan, N. Dak.
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terially reduce the loss of nitrogen and carbon. Bracken and Larson
(5), working in Utah, reported that where alfalfa was grown in rotation
with wheat, the nitrogen content of the soil was maintained at a level
approximately 7 percent below that of virgin sod.

arlier work by Stewart (43), on selected Utah farms, showed that
alfalfa caused a decrease in the nitrogen content of the soil compared to
that of virgin soil, whereas wheat continuously cropped, or alternately
cropped and fallowed, did not decrease the nitrogen content of the surface
foot of the soil.

Atkinson and Wright (4) reported results from Ottawa, Canada, which
showed that land which had been in grass with some alfalfa for 15 years
increased in soil nitrogen, while that under cultivation lost nitrogen.

Greaves and Jones (20), working with a Utah soil in jars, found that
the growth of alfalfa on this soil for 16 years and the removal of the crop
did not measurably increase the total nitrogen content. Where the
crop was returned to the soil, a highly significant gain in soil nitrogen
resulted. They state that “probably there is a certain nitrogen balance
in some soils below which legumes may increase the soil nitrogen even
wheie the complete crop is removed; for this soil it is undoubtedly below
0.105 percent.”

Soil Nitrogen in Relation to Nitrification Rate and
Uptake of Nitrogen by Plants

Laboratory Studies

In 1947, Allison and Sterling (2) conducted a study in which they used
soils from the rotation plots at Mandan, N. Dak., to determine whether
nitrate formation in a soil is markedly influenced by past cropping and
cultural practices or, on the other hand, is largely independent of such
treatments but correlated closely with total soil nitrogen. They con-
cluded: “In a given soil type and under like climatic conditions, thor-
oughly humified soil organic matter is fairly uniform in quality regardless
of past agronomic treatment. The total nitrogen content under these
conditions appears to be a rough index of the nitrate-furnishing powers
of variously treated soils.” ‘

Earlier work done by such investigators as Gainey (17) and Fraps
(15) showed a relationship between the nitrogen content of the soil and
its ability to produce nitrate. Fraps and Steiges (16) listed several
factors which affected the nitrifying capacity of the soil. Waksman
(48) showed a definite relationship between the nitrifying capacity of
the soil and crop productivity. Albrecht (I), working with soils in Mis-
souri, found that nitrate production of a soil decreased rapidly with
cropping, and that at the end of a 13-year period it had declined as much
as 50 percent.

To obtain further information on this problem, studies were under-
taken in 1950 to determine the relationship of total nitrogen and nitrate
production in soils that varied widely as to type and total nitrogen
content. Soil samples were collected from selected rotation plots at 13
experimental stations in the Great Plains, which had been cropped for
30 years or more. Where Eossible, 1 row-crop plot and 1 smaﬁ?grain
plot were sampled from each rotation; in the instance of alternate crop
and fallow, both the cropped and the fallow plots were sampled. In
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most instances, sampling was done as soon as possible after harvest of
each crop.

From 8 to 12 samples were collected at the 0- to 6-inch depth from
9 of the stations, and from 27 to 33 samples were collected at 4 stations.

These samples were incubated in a constant-temperature room at Maadan,
N. Dak., by the procedure described earlier in this publication (p. 6).

Relationship of Total Nitrogen in the Soil and Nitrate Production
During a 6-Week Incubation Period

The total nitrogen percentage of the soils studied and the parts per
million of nitrate-nitrogen produced during a 6-week incubation period
are presented (appendix taEles 45 and 46). The correlation coeflicient
and regression equation for each location were computed to show the
relationship between the total nitrogen percentage of the soil and the
ability of the soil to produce nitrate. These values are presented
(table 20).

TaBLE 20.— Correlation coefficients and regression equations showing the relationship
of the total nitrogen percentage (X ) of the 0- to 6-tnch depth of soil and the nitrate-
nitrogen expressed in parts per mallion (Y) produced during a 6-week incubation
period

Number |Correlation Regression
Location of coefficient equation
samples (rt
11 0. 610* Y=270.71X+4.9
29 . 791** Y=220.41X-74
10 LT79%* Y=311.97X-8.7
11 . 841** Y=401.09X—0.1
7 .881** | Y'=534.16X-+0.2
Newell, 8. Dak___ . 12 .982** | Y'=473.48X—29.9
North Platte, Nebr-- _ 12| .956** | Y=348.58X—1.1
Akron, Colo--.._ 29 . 736** Y=362.14X+2.1
Colby, Kans__.. 11 .816** | Y=406.26X—7.5
Hays Kans. oo 33 . 5b64** Y=313.73X+5.6
Garden City, Kans. -l 10 .338NS | Y=540.04X+18.2
Dalhart, Tex. .- 11 .44INS | Y'=320.51X+14.8
Big Spr[ug, Tex 27 .933** Y=369.92X—1.4
All 13 locations. - o o o oo 213 . 562** Y'=166.15X+16.4

11 asterisk (*) indicates significant at 5-percent level; 2 asterisks (**) indicate significant at 1-percent level;
NS indicates nonsignificant.

The correlation coefficient was significant at the 1-percent level at each
location except Havre., Mont., where it was significant at the 5-percent
level; and Garden City, Kans., and Dalhart, Tex., where it was non-
significant. Too much confidence should not be placed in the data at
those locations where only 8 to 12 samples were collected, but these data
do indicate that there was a definite relationship between the 2 variables
at most locations.

However, nitrogen and other factors that were controlled during
incubation are not the only factors that may affect nitrification. For
example, although the correlation coefficient (r) at Hays tested highly
significant, r? was only 0.307. This indicates that only about 31 percent
of the variation in nitrate production among the soils was associated with
total nitrogen. Inasmuch as phosphorus and calcium carbonate were
added, neither phosphorus nor higlll) acidity should have been limiting.

418061—57——3
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The carbon/nitrogen ratio may have been a factor, but carbon was not
determined on those particular samples.

It was also noted tEat at some locations the virgin-sod samples did not
produce as much nitrate-nitrogen in relation to their nitrogen content as
did the cropped soils. As discussed in a previous section of this publica-
tion (p. 12), virgin-sod samples had a higher carbon/nitrogen ratio than
did cropped soils. This might well account for a temporary depression
in nitrigcation rate.

The regression coefficients showed that the increase in nitrate produc-
tion for each increase in percent total nitrogen varied considerably among
locations. Thus, the influence which total nitrogen had on nitrate
production depended somewhat on soil type. Possibly the quality of the
organic matter varied among soil types in such a way as to influence
nitrification, but no determinations were made of the quality of organic
matter.

Soil texture and structure may have also influenced nitrification in-
directly by their effect on aeration, although the samples were shaken
periodically to increase aeration as much as possible.

To determine the relationship of nitrate production to total nitrogen
during the 6-week incubation period, the data from all locations were
grouped together and the linear regression was computed. These data
are plotted and the regression line is shown (fig. 5). Although the cor-
relation coeflicient was significant at the 1-percent level, the points were
rather widely separated. The square of the coeflicient would indicate
an association of about 32 percent.

The points were too numerous to attempt to differentiate between
locations, but there were 2 locations which were of considerable interest—
Garden City, Kans., and Moccasin, Mont. The data from 6 of the
samples from Garden City are shown in the upper left-hand side of the
chart, while Moccasin is represented by the numerous points in the lower
right-hand side. Surprisingly, most of the samples from Garden City
produced fairly large quantities of nitrate, even though the nitrogen con-
tent of the soil was below the group average. Most of the soils from
Moccasin were higher in nitrogen than were soils from any of the other
locations, yet the quantity of nitrate produced by these soils was com-
paratively low.

Relationship of Total Nitrogen in the Soil and Nitrate-Nitrogen
Production During 6, 12, 18, and 24 Weeks of Incubation

To determine the effects of incubation periods greater than 6 weeks
on nitrate formation, 1 high- and 1 low-nitrogen soil from each location
were incubated for 6, 12, 18, and 24 weeks. In most instances the high-
nitrogen soil was that from virgin sod and the low-nitrogen soil {rom
continuous row crop. Duplicate samples were incubated for each
period. The nitrate-nitrogen produced during each period is given in
parts per million (table 21).

It will be noted that in almost every instance, the greatest quantity of
nitrate per 6-week period was produced during the first 6-week period.
The exceptions were the high-nitrogen soils from Moccasin and the low-
nitrogen soils from Colby. The average values showed that the rate of
nitrification per 6-week period decreased with each succeeding period,
but this was not true otP:lll locations. In some instances, proflfctiog
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during the third 6-week period was greater than during the second; in
other instances, production during the fourth period was greater than
during the third. This may have been due to an error in laboratory or
incubation procedures, or to some inherent property of the soil or some
type of organic matter. '

TasLE 21.—Parts per million (p. p. m.) of nitraie-nitrogen produced by the 0- to
6-inch depth of high- and low-nitrogen soils from various stalions during incuba-
tion periods of different length

Station Nitrogen Nitrate nitrogen produced during incubation for—
in soil

6 weeks 12 weeks | 18 weeks | 24 weeks
Percent P.p.m. P.p.m. P.p.m. P.p.m.
HoTE0, MO DA T T
Mo, o -1 T Y
By, Mot | owr oy ma me
Sherldan, Wyo | me|  wes|  gsr| ol
AT WS- SN TN I I
R o g E m
RO Pt DT EII LI 5
AR, GO0 AR T T I
Calby, Kans... e ws|  ms| g7 use
B, K- W oge| ome) &)
Gorden 15, it womy) ome) g m
DA, T8 gy ko owp
Ble Spta, T R
Average of low-nitrogen soils._.__.__. . 080 25.6 36.1 45.8 50.9
Average of high-nitrogen soils__._____ .139 46.1 73.8 95.0 107.0

Correlation coefficients for total
nitrogen versus nitrate-nitrogen !__|_______.____ 514+ 725** . 855%* 859**

12 asterisks (**) indicate significant at 1-percent level.

Earlier in this publication (p. 33), mention was made of the Garden
City soils, with a comparatively low total nitrogen content, as having
the ability to produce large quantities of nitrate. It was also mentioned
that the soils at Moccasin, by contrast, had a high total nitrogen content
but produced much less nitrate. This was evident for the first 6-week
period; but for longer periods, the soil at Garden City reacted in about
the same way as did other soils of similar nitrogen content, and nitrate
production was well below that of the soils at Moccasin.

The correlation coefficients showing the relationship between total
nitrogen and nitrate-nitrogen production were highest for either the 18-
or the 24-week incubation period. This would suggest that in order to
obtain the maximum relationship between these 2 variables, the incubation
period should have been greater than 12 weeks.

It will also be noted that the high-nitrogen soils at most of the loca-
tions maintained a higher level of production than did the low-nitrogen
soils. This proves that high-nitrogen soils not only produce a greater
quantity of nitrate, but are also able to maintain production over a longer
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period of time (fig. 6). The data for this chart were obtained by separating
the values shown in table 21 into 3 groups irrespective of location—those
goils with low, medium, or high total soil-nitrogen content. The mean
total nitrogen contents of the 3 groups of soils were 0.063, 0.106, and 0.187
percent, respectively.

For the high-nitrogen soils, the rate of nitrate production was much
greater than for the other soils, and it declined only slightly during the

7 high-nitrogen (0.187%) soils
——— —— 8 medium-nitrogen (0.106%) soils

20— o Average for all soils (nitrogen 0.110%)

—— = === 11 low-nitrogen (0.063%) soils
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o
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2 ]
E
z
J——
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0 | | | |
0 6 12 18 24

Incubation period (weeks)

Ficure 6.—Nitrate-nitrogen formation as influenced by length of incubation and
nitrogen content of the soil.

12- and 18-week periods. During the 18- to 24-week periods, however,
there was a sharp drop in production. The low-nitrogen soils produced
approximately half the quantity of nitrate during the irst 6-week period
as did the high-nitrogen soils. ~After the first period, the rate of produc-
tion declined considerably, and it was nearly uniform throughout the
3 remaining periods. The rate of nitrate production during the first
6-week period for the medium-nitrogen soils was high, but it declined
after that time and closely approximated the average values for all soils.
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Allison and Sterling (2) and Carpenter and coworkers (8) found that
not only do high-nitrogen soils prodl:lece greater quantities of nitrate than
do low-nitrogen soils, %}ut they continue nitrate production over longer
periods of time. The results of the present study are in agreement with
their findings. Allison and Sterling also found that lime added to the
soil during incubation increased nitrification to a greater extent on low-
nitrogen soils than on high-nitrogen soils. It is possible that the
differences shown (fig. 6) would have been greater if lime had not been
added to these soils.

Nitrate-Nitrogen Production from Cropped Soils as Compared
with That from Virgin Sod

Since it was shown that cropping caused a marked decline in the total
nitrogen content of several dryland soils, it appeared desirable to deter-
mine the effect of cropping on the ability of such soils to produce nitrate.
The data from one rotation at each location were used, and these data
were compared with the values obtained from virgin sod. The results
are presented (table 22). Too much confidence should not be placed
on the limited data obtained from each location, but the combined re-
sults from the various locations as a whole should at least be indicative.

TABLE 22.—Percentage of total nitrogen in the 0- to 6-inch depth of virgin sod and
cropped soil! at different locations in the Great Plains, the parts per million of
nitrate nitrogen produced by these sotls during a 6-week incubalion period, and
the percentage change ? in total nitrogen and nitrate-nitrogen

Total nitrogen Nitrate-nitrogen Percent change 2
Location
Virgin | Cropped | Virgin | Cropped | Total | Nitrate-
soil soil soil soil nitrogen | nitrogen
Percent | Percent | P.p.m. | P.p. m.

Havre, Mont_ .. 0.121 0.083 39.7 33.0 =31 —17
Moccasin, Mont... - .284 .194 4.1 36.0 -32 —18
Sheridan, Wyo____ - .17 .121 73.6 40.0 —29 —46
Archer, Wyo_.____. = .116 .072 60.1 34.5 —38 —43
Newell, 8. Dak___ - .166 .103 49.3 19.1 —38 —61
North i’latte, Nebr. -- .176 .080 58.8 28.4 ~55 —52
Akron, Colo...- - .126 .089 38.1 33.4 -29 -12
Colby, Kans_ o oooooceaeeoo .153 . 087 42.3 36.3 —43 —14
Hays, Kans. .181 . 098 44.4 34.0 —46 —23
Dalbart, Tex. .. - . 068 . 042 25.5 19.6 -~38 —-23
Big Spring, Tex. - .058 . 026 23.8 9.4 —bb —60
AVerage. e ocoecceeccan . 147 . 090 45. 4 29.4 -39 —35

1 Average of 2 plots from 1 rotation at each location.

2 Calculated by dividing the difference between the virgin-sod and cropped-soil values by the virgin sod
value, and multiplying by 100.

The loss of total nitrogen was more uniform between locations than
that of nitrate-nitrogen. The former ranged from 29 to 55 percent,
. whereas the loss in nitrate production ranged from 12 to 61 percent.
At some locations, cropping had influenced nitrification less than total
nitrogen, while at other locations the reverse was true. The average
values were remarkably similar, however, being —39 percent for total
nitrogen and —35 percent for nitrate production. These results there-
fore indicate that not only was the total nitrogen content of the soils
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reduced by an average of 39 percent, but the quantity of nitrate-nitrogen
these soils are able to produce was also reduced by almost the same
amount.

Effects of Previous Crop or Fallow on Nitrate Production ,

It was thought that the type of crop growing on the land immediately
prior to the time of sampling might influence nitrification during incuba-
tion. Since differences in total nitrogen content of the soil would in-
fluence the results, data were used only where the crops compared occurred
in the same rotation. That is, in order to compare nitrification in
soil from row-crop land with that from fallow, the d[;ta from the alter-
nate row-crop and fallow plots were used. The same was true for com-
paring small-grain land and fallow. However, the immediate effects
of row crops or fallow could not be compared with those of small grain
or fallow because of differences in total nitrogen content of the soil. To
get a direct comparison between row-crop and small-grain land, data
from a rotation containing both crops were used. Even with these pre-
cautions, there was still variation in nitrogen content of the soil at some
locations.

Data showing the influence of previous crop or fallow on nitrate-
nitrogen production during a 6-week incubation period are presented
(table 23), together with the total nitrogen content of the soils. The
results were variable, but a portion of this variability may have resulted
from differences in total nitrogen content of the soils compared. How-
ever, there was an indication that nitrate production was less after fallow
than after the alternate crop. This was true for 8 out of 11 locations for
the alternate row crop and fallow treatment, and for 7 out of 12 locations
for the alternate small-grain and fallow treatment. The average value
for fallow land was similar to that for the respective cropped land; these
values, however, were influenced to some extent by the extreme differ-
ences in the results at Garden City, particularly in the instance of alternate
row crop and fallow.

Crops growing on fallow land generally have a more abundant supply
of nitrate than those growing on previously cropped land; but the results
of this study suggest that this greater abundance of nitrate on fallow may
result from the greater quantity of nitrate present at seeding time of the
crop. After the crop has used this initial available nitrogen, the supply
ma()i be no greater, or possibly not as great, on fallow land as on cropped
land.

The results from row-crop and small-grain land in a rotation also
varied from location to location. At 6 of the locations, nitrate production
was greater after row crops; at the other 6, it was greater after small
f’rains. The average for small-grain land was greater than for row-crop

and, but this value too was influenced by the extreme differences at
Garden City. With the results from this location omitted, the average
values would have been approximately the same.

In summarizing these results, it is apparent that nitrate production in
incubated soils was lower from fallow samples than from cropped samples,
from most locations; and except for a few instances, there was little
difference in nitrate production between row-crop and small-grain land.
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TasrE 23.—Eflects of previous crop or fallow on the parts per million (p. p. m.)
of mitrate-nitrogen produced during a 6-week incubation period by the 0- and
6-inch depth of soil from different locations in the Great Plains in 1960, and the
percentage total nitrogen content of these soils

Nitrate-nitrogen Total nitrogen
Row crop and | Small grain and Row crop| Small
fallow fallow Rotation and fallow| grain and | Rotation
Location fallow
R R R EEE
P4 =3 — -3 D o —
=51 o ad °g g =g |eg|oglag(ov| B |al
2 = ) = 2 lag|= ag|=
g8 | 38 eg =8 E g5 |S8(3E gg 28| & |gd
O <] O <] Fg wn O <] 8] <] [
Per- | Per- | Per- | Per- | Per- | Per-
P.p.m.|P.p.m.|P.p.m|P.p. m.|P.p. m.|P.p. m.| cent | cent | cent | cent | cent | cent
Havre, Mont...__._ 28.3 24.2 21.2 20. 5 33.7 32.3/0.070/0. 073|0. 083(0. 091|0. 082{0. 084
Moccasin, Mont____ 22.3 23.4 31.1 35.8 41.8 39.8| .136] .142( .197( .192| .214] . 208
Huntley, Mont. 16.5 7.8 17.1 16.7 23.2 19.9| .066| .064| .078( .078| .099| .100
Sheridan, Wyo. 40.6 35.1 48.3 41.1 40. 4 39.7| .100| .086| .105| .091| .126( .118
Archer, "Vyo“. 45.1 47.8 31.8 37.2) |- .083| .091| .074| .070
Newell, 8. Dak__.__ 11.3 14.7 19.9) 19.3 18.4 19.8| .082| .091| .106{ .098| .102| .104
North Platte, Nebr._ 20.5| . _._ 31.8| .. 3L.7| 25.1| .074|_____ .096|.___ 082 .078
Akron, Colo. .- 24.2 18.1 35.1 24,3 31.6 34.7| .057( .057| .076| .076| .086| .089
Colby Kans. 11. 4 9.9 33.9 38.9 37.9] 34.7| .063| .068] .099} .100| .084| .090
Hays, Kans____ 28.1 25.5 58. 5 4.1 35.3 44.6( .075| .089| .125| .113] .113| .114
Garden City, Kans_ 30.1 62. 0] 51.7 66. 5 52.9 95. 8| .059| .070| .083| .082| .058| . 065
Dalhart, Tex. ... 14. 0 10.3 22.8 28.3 18. 4 20.8( .043]| .038| .045( .046| .042| . 042
Big Sprfng. Tex_____ 8.0 7.8 15.6 12,9 | .026] .026( .045) .045(____|-.__-
Average (10 loca-
ons) L__.______. 22.7 23.1 34.0 33.6) 33. 4 38.2| .075| .078] .100( .097| .101| .101

1 Archer, North Platte, and Big Spring omitted.

Field Studies
Nitrogen Uptake by Wheat in Relation to Nitrogen Content of Soil

Carpenter and coworkers (8) reported on the field study conducted in
1948 at Mandan, N. Dak., in whicE they showed the relationship between
the nitrogen taken up by wheat and the total nitrogen content of the soil.
They found that the quantities of nitrogen in wheat plants at tillering,
jointing, heading, and dough stages of growth were correlated with the
nitrogen content of the top 6 inches of soil and, except at heading, with
the 6- to 12-inch layer. Tﬁe uptake of nitrogen on the low-nitrogen soils
fell off rapidly after the wheat reached the heading stage while uptake
continued on the high-nitrogen soils. High correlations were obtained
between grain yield and the quantity of nitrogen in Elants -at all stages,
with the amount in the plants at jointing giving the best estimate of
yield. Although correlations significant at the 1-percent level were ob-
tained between yield of grain and the nitrogen content of the soil for the
0- to 6-inch and the 6- to 12-inch depths, the relationships were not as
close as those between yield and nitrogen uptake by plants.

As previously stated (p. 36), results were in close agreement with those
obtained by Allison and lS)ter]jng (2), working with many of the same soils
and using the incubation procedure. The similarity in conclusions from
these two methods of study suggests that either procedure has merit.
The field study, however, seems more subject to variation from adverse
climatic conditions.
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Effects of Barnyard Manure on Nitrogen Content and Yield of
Wheat During One Season at Several Locations

It has been shown previously in this publication (p. 22) that the appli-
cation of barnyard manure reduced the loss of soil nitrogen more tlfan
did a nonmanured cropping treatment, at every location where such a
comparison could be made. To estimate the effects of manure on the up-
take of nitrogen, wheat plants grown in a manured and a nonmanured
rotation at each of 11 locations were analyzed for nitrogen content.
Information so obtained should give an indication of the beneficial
effects of manure on the liberation of available nitrogen in the soil.

Since early differences resulting from nutrients are often obscured by
shortages of moisture before final yields are obtained, samples were col-
lected at an early stage of growth. The work of DeTurk (11) indicated
the probability that differences in available nutrients, brought about by
manure, would be reflected in the composition of the wheat plants during
the early growth stage.

In 1949, therefore, 100 wheat plants from a manured rotatior and 100
from a nonmanured rotation were obtained from each of the 11 locations
in the Great Plains. The plan was to clip the plants when they were from
6 to 8 inches tall, but this could not be done at some locations. Conse-

uently, there was considerable variation in height and stage of growth of
(t]he lants received. The samples were dried at 65° C., and were ground,
weighed, and analyzed for nitrogen.

The weight and the nitroien content of the plant samples, as well as the
grain yields obtained from the plots, are presented (table 24). The weight
of 100 plants was greater on the manured plots than on the unmanured
(check) plots at all locations except Havre and Archer. At these 2 loca-
tions, the samples were not collected until heading. It is possible that the
results would have been different if they had been collected at an earlier
stage of growth.

The effect of manure, expressed as percentage increase over the check
plots, ranged from a decrease of 18 percent at Archer to an increase of
146 percent at Sheridan. Although there was a wide range in results,
the data show that sizable increases in early growth were obtained on
manured land at the majority of the locations. Both winter and spring
wheat were sampled at North Platte; the former showed the greater
response to manure. Samples from Hays included 2 rates of manure
application—6 and 12 tons. The increase from the 12-ton rate was more
than twice that from the 6-ton rate.

The weight of nitrogen in the 100 plants was increased at all locations
by the use of manure, except at Archer where there was no difference in
the results of the 2 treatments. The percentage increase over the check

lots ranged from 0 at Archer to 211 percent for winter wheat at North
latte.

The percentage of nitrogen in the plants was increased by the use of
manure at all locations except Mandan and Dickinson. The percentage
increase over the check plots ranged from a reduction of 10 percent at
Mandan to an increase of 40 percent at North Platte.

It is evident from these results that manure favorably influenced both
the weight and nitrogen content of the immature wheat plants at the



TABLE 24.—Weight and nitrogen content of immature wheat plants, and final grain yields, from manured and nonmanured (check) rotations,
at 11 locations in the

[Grain yields for various periods at the different locations are given for comparative purposes]

reat Plains. 1949

100 plants Grain ylelds per acre
Rotation Stage of growth at
Location number Treatment sampling
Weight | Nitrogen | Nitrogen | Period | Average | Yield for
yield 1949 only
Grams Gralmg& Pergcgi Years Bua{lsdg Bualhlezl).s2
Mandan, N, Dak : 358 |} 01640 1.8 22
Percentage increase over check. ..o oooeooo .. 96 e (1 O, 23 67
0.80 3.40 17.9 12.0
Dickinson, N. Dak -8 30 |} 102040 { e 2.9
Percentage increase over check._.___ 90 -2 |eeees 23 41
5.25 3.19 10.1 2.2
Havre, Mont.o oo oeoooooeeoeeoeeee 5.06 562 |} 01640 {105 2.8
Percentage increase over check 4 L J P —4 -21
. 3.02 5.13 12.3 10.8
Huntley, MOb--ooooooooooocnooooe oo 36| Imffwew 3% 9.5
Percentage increase over check. 4 B T (O -8 14
3.23 2.11 22.0 32.2
Sheridan, Wyo 3.2 2301} 01840 { e 3.2
Percentage increase over check. ... oo _____ 156 4 | 6 2
4.00 1.58 7.4 Q]
Archer, Wyo . s 155 |} 191447 {1
Percentage increase over check 0 22 el =27 |eceeeee
1.49 4.20 16.2 13.0
Newell, 8. Dak. .. o 5B e [ 132 1.9
Percentage increase over Cheek . oo oo oo oo 69 96 b 1 N P, —6 —4
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3
“North Platte, Nebr (DY Ao | L — { 20| '35 3W[wes [ 23| B]
-Percentage increase over check 122 211 40 |oaoo- -9 61
‘North Platte, Nebr I I~ L SS— { %3] 108 R pwsre { &3 %3
"Percentage increase over check. - 79 89 [ I PR 10 389
Colby, Kaus {8 | Cheseeor[menyomting 0 RE ) §8| §R e [ T §
Percentage increase over check. 10 25 13 | -1 K P
Hoys, Kons [ B[t e (B3| 1| 1% hwww || 23| 23
Percentage increase over check o 18 26 [ P, -7 4
560 | Manure (12 tons)- 41.0 1.69 4.13 20.2 3.8
Hays, Kans { 553 | Check. ... }“‘“tm ----------- { 2.5 “98 3.58 } oo ({33 2.7
Percentage Increase over Check . . oo oo oo oo | el 49 72 156 |ocemoo- -17 41
H-7/311-C | Manured._...______ 763.5 11.91 1.56 4.1 25.8
‘Woodward, Okla { BH3%-0 | Chogr 0= JPrebooting...._..... 373.9 5.68 182 |} 108200 { %1 242
Percentage increase over check 104 110 kN I 4 7
1 Damaged by hail.
3 Hailed out.

3 Winter wheat. Stands were poor in 1949,
4 Spring wheat. Severely injured by greenbugs.
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majority of the locations, indicating a greater abundance of available
nitrogen in the soil. This favorable effect in the earlier stages of growth
was reflected in some instances in the yields of grain obtained in 1949.
For example, at Mandan, Dickinson, Sheridan, and North Platte, marked
increases were noted in growth early in the season from the use of manure;
and these locations showed the greatest increase in grain yields. At
Newell, however, there was a marked increase in early growth but a slight
reduction in grain yield. At Woodward, there was also a marked increase
in early growth due to manuring, but only a slight increase was obtained
in yield. These results show that increased growth in the early stages of
the wheat plant is not always indicative of higher grain yields, particu-
larly in the Great Plains region where moisture is an important factor.

he longtime average yields show that in 7 of the 13 comparisons, the
check plot outyielded the plots receiving manure. In 1949 there were
only 2 such instances. Furthermore, the percentage increase in 1949
was greater in every instance than that for the longtime average. Because
the 1949 data are for 1 year only, they should not be considered con-
clusive; but they do indicate that the response to manure should become
greater with time, inasmuch as nonmanured land declines in fertility at
a more rapid rate. The effects of barnyard manure on crop yields are
discussed more fully in the next section.

Effects of Soil-Nitrogen Changes on Crop Yields

Probably the first question to be raised in connection with changes
in soil nitrogen is, “What effect have these changes had on crop yields?”
That is, have the losses or gains in soil nitrogen over a period of years had
any marked effect on crop yields? Jenny ?24) referred to work done at
Wooster, Ohio, which showed an almost linear relationship between the
decline in soil nitrogen and corn yields under a continuous-croppin
system. Smith ard coworkers (42) reported on organic matter and yielg
trends with cropping on the Texas Blacklands, and stated that during a
20-year period of continuous cropping to coru, cotton, or oats, there was
no obvious trend in yield with the passing of time. In oue instance,
however, they were ai;le to detect a tendency toward lower corn yields
with time when extremely poor yields caused by weather were eliminated.

Hill (22), reporting on wheat-yield trends in Canada, showed that where
an alternate wheat and fallow system has been practiced for a 40-year
period, there has been no important change in yield. He believes that
this practice can be continued profitably for many years in western
Canada if soil erosion and weeds are controlled.

To determine yield trends with the passing of time in the Great Plains,
where variations in weather are extreme, seemed to be an almost impossible
task. Rainfall is the main limiting factor—mnot only the amount that falls
during the crop year, but also its distribution. However, as long as no
trends in the weather develop with time, perhaps an estimate of yield
trends can be made. Or, if trends in weather do develop, these can be
eliminated to some extent by the use of multiple regression. Other
factors which add to the difficulties of determining yield trends are insect
pests, the occurrence of new strains of plant diseases, changes in varieties,
and weeds.
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To simplify the task of determining yield trends, the data from only
6 locations were analyzed ® and their results are given (table 25).

Because of the possibility of a trend in precipitation with the passing
of time, multiple regression was used. Thus, there were 2 independent
variables—precipitation (X)) and years of cropping (X,). The dependent
variable was yield (Y).

The yields of corn grain, corn stover, and wheat grain under 4 different
cropping systems were used in the computations. The 4 systems were
continuous cropping, alternate crop and fallow, a 3-year rotation without
mapure, and a similar rotation with manure. The 3-year rotations con-
sisted. of corn, wheat, oats, at all locations except Hays, where it was
kafir, fallow, wheat. Years with zero yields in which hail damage occurred
were omitted.

From time to time. changes were made in varieties at some of the
stations, and these no doubt influenced the results to a certain exteat.
However, it was felt that these changes were not of sufficient magnitude
to be serious; fairly large differences would be required to be significant,
because of the extreme variations in annual yields.

In these computations, the amount of precipitation assigned to each
year of cropping was that amount which fell between harvest of one
crop and harvest of the next. Thus, the amounts varied, not only with
the crop but also with the cropping system. (See appendix table 47.)
For example, in the instance of continuous wheat, the amount of precipi-
tation for a given year would be that which fell between one wheat harvest
and the next. In the instance of alternate wheat and fallow, it would
be that which fell during a 2-year period. It was thought that these
values were the best obtainable under the circumstances and would be
better than those obtained by using annual or seasonal precipitation,
although it was recognized that intensity of rainfall, distribution, runoff,
and evaporation play important parts in determining the amount of water
available for plant use.

The results obtained from the multiple-regression analysis (table 25)
are based on the assumption that the regression was linear. This may or
may not be correct for all locations. The regression was tested for
curvilinearity at one location, but only slight evidence of this was found.
The simple correlation coeflicients g') s%\ow the relationship between
any two of the variables. The correlation coefficients for precipitation
and years of cropping (X; and X;) show that there was very little rela-
tionship between these two variables at all locations, except for a few
instances at Sheridan, Wyo., and Hays, Kans. In other words, there
were no marked trends in precipitation with the passing of time, except
as just explained.

The correlation coefficients for yield and precipitation (Y and X;) show
the high dependency of yield on moisture in most instances. There was
only one instance in which the relationship between yield of wheat and
precipitation did not show significance, }i)ut there were several such
instances with respect to row-crop yields and precipitation. The rela-

8 The authors are indebted to D. D. Mason, former biometrician, and E. J. Koch,

associate biometrician, Bureau of Plant Industry, Soils, and Agricultural Engineering,
Beltsville, Md., for their assistance in the statistical analyses.



TABLE 25.—Simple correlation coefficients (r) for comparing the relationsh

cropping (Xs) and yield (Y); multiple-correlation coefficients (R);
MANDAN, N. DAK. (1915-45)

1p between any 2 of the variables—precipitation (Xy),
and the multiple-regression equation; at 6 locations in the Great

ears of
lains

Simple correlation (r)? Multiple
Crops and treatment I\tIumber1 corr&les;glon Multiple-regression equation 2
of years
Xiand X3| Yand Xi | Yand X3
Corn (grain):
Continuous___.______.__________________ 29 0.257 0.142 —0.272 0.349 Y'=24.4640.69 X1 —0.34 X;
Al te fallow_______.____ 29 .118 —.133 —.385* . 395 Y'=43.19—0.16 X;—0.41 X,*
Rotation without manure._. 29 .178 . 366 —.072 .392 Y=10.914+1.14 X;*—0.15 X;
Rotation with manure._._._..___ 29 .178 . 469* —. 122 .513* Y=-—6.5644+2.26 X;**—0.33 X3
Corn (stover):
Continuous. ... ___ .. 30 .203 —.033 —.615** .622** | Y=2,503.14+16.9 X;—41.0 X;**
ternate fallow._.._ ——— - 30 . 085 -.277 —. 527** .576** | Y=3,8565.8—33.2 X1 —47.2 X3**
Rotation without manure______________ 30 .231 .150 —.279 .356 Y'=1,608.2429.5 X;—16.6 X3
Rotation with manure..._.__._____________ 30 .231 .459* . 026 .467* Y=1,154.8+110.8 X;*—7.6 X3
Spring wheat (grain):
C 29 .178 . 718** .283 . 735** =—17.4141.94 X;**+0.15 X3
30 . 052 . 587** .206 .613** | Y=-—14.3741.07 X;**40.21 X,
29 .116 .633** —.022 .640** | Y=—3.2041.50 X;**—0.08 X3
27 .167 . 486* .331 . 548* =—6.06+41.59 X;*+0.27 X;
DICKINSON, N. DAK. (1908-49)
Corn (grain):
Continuous 31 —0.041 0.537** —0.268 0.591** | Y'=5.5041.58 X;**—0.24 X;
31 . 047 —. 061 -.273 .277 Y'=37.80—0.09 X;—0.27 X;
27 —. 008 .645** —. 109 .654** | Y=—18.2342.30 X;**—0.11 X;
Rotation with manure_.________.____________.______________________ 27 —. 006 . 667** —.013 .667** | Y'=-33.10+3.21 X;**—0.01 X;
Corn (stover):
Continuous._ . ______________ 37 .072 427 —. 202 .486* | Y'=1,625.84156.5 X **—25.5 X3
37 . 046 —.076 —.073 .103 Y'=4,640.8—19.4 X1—10.1 X;
37 .028 . 673** —.190 .705** =—087.14-282.5 X**—27.0 X;
.............................................. 37 .028 . 766** —. 001 766** | Y'=—3,307.3+465.2 X;**—4.2 X;
Spring wheat (grain):
Continuous 36 .052 .688** —.120 .705%* | Y=-—12.0741.72 X;**—0.10 X3
38 .058 . 686** —.082 .697** | Y=-—16.60+1.26 X;**—0.11 X;
38 .144 . 694** —.109 L725%** | Y=-—9.09+1.93 X;**—0.15 X3
37 .139 .653** +.065 .654%* =—18.1342.77 X1**—0.03 X3
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HAVRE, MONT. (1917-49)

Corn (grain):
Continuous 21 —0.227 0. 645** —0.1656 0.645** | Y=—10.0942.25 X1**—0.02 X3
Alternate fallow. 23 —.157 . 581** —.058 . 582* Y=-7.83+1.31 X;**40.04 X3
Rotation without manure 16 —.352 . 681** —.143 . 689* Y=—21.1142.70 X;**+0.14 X3
Rotation with manure._ . . .o 16 —.352 LT18** —.272 718** | Y=—29.73+3.46 X;**—0.04 X3
Corn (stover):
Continuous._._ JE S, 32 —.182 L479** —.648** .746** | Y=1,579.04+127.5 X **—58.8 Xz"
Alternate fallow._..________ 32 —. 287 . 047 —.431* .438* | Y=4,167.4—25.2 X;—59.6 X3*
Rotation without manure. 32 —.207 . 708** —. 447 712 | Y=-_372. 0+223.5 X **—33.6 X)*
Rotation with manure____________________ 32 —.207 .710** —.4a7* . 762** =—833.74+288.6 X;**—38.5 X3*
Bprlng wheat (grain):

Continuous. . .o 31 —.148 . 787** - 130 . T87** =—14.81+1.99 X;**—0.01 X3
Alternate fallow__________________.___ 32 -.270 .7137** .773** | Y=—36.06+2.02 X1**+0.25 X3
Rotation without manure. 32 —.125 .764** - 151 .766** | Y=—13.01+2.43 X1**—0.05 X3
Rotation with manure._ .. 32 —.125 .870** —. 250 .691** | Y=—9.72+2.36 X **—0.17 X3

SHERIDAN, WYO. (1918-49)
Corn (grain):
Continuous - 27 0.234 0.094 —0. 698** 0.747** | Y=17.7140.82X,—0.68 X**
Alternate fallow_ .. __ ... 29 . 430* .009 —.488** . 596** | Y=14.2210.48 X1*—0.49 X3**
Rotation without manure. .o 27 .278 . 408* —. 504** .760** | Y=—3.784+1.78 X1*—0.63 X)**
« Rotation with manure....___ 27 .276 . 460* - .750** | Y=—6.361+1.83 X1**—0.56 X;3**
Corn (stover):
Continuous.. .- e - 32 .312 .279 —.464** .644** | Y=631.74+75.1 X;** —41.0 X;3**
Alternate fallow__. 32 .434* —.120 —. 427 433* Y=1,368.6+7.2 X;—26.5 X3*
Rotation without manure. 32 .342 . 542** —.328 T768* | ¥=-86.8+116.0 X** —38.7 Xa**
Rotation with manure.....__....__. 32 .342 . 657 —.164 L776** | Y=—400.9+152.1 X **—35.4 X3**
Spring wheat (grain):
Continuous. .. 30 . 383* . 5756** —.036 .638** | Y=—6.184+1.42 X;**—0.22 X3
Alternate fallow___ .- 32 . 446* . 656** . 263 .857** | Y=-13.97+1.22 X1**—0.04 X3
Rotation without manure - 29 .278 . 594** .086 .600** | Y=—8.4941.88 X1 —0.09 X;
Rotation with manure__ . 30 . 265 . T25** . 247 L727** | Y=—15.19+2.30 X;**+0.07 X3
See footnotes at end of table.
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TABLE 25.—S8imple correlation coefficients (r) for comparing the relationship between any 2 of the variables—precipitation (X,), years of crop-
ping (X,) and yield (Y); multiple-correlation coefficients (R) ; and the multiple-regression equation; at 6 locations in the Great Plains—Con.

ARCHER, WYO. (1914-45)

Simple correlation (r)? Multiple
Crops and treatment Number correlation Multiple-regression equation 2
of years 1 (R)2
Xiand X;| Yand X | Yand Xa
Corn, (grain):
Continuous_ _.______.__________ 27 0.208 | 0.178 | —0.309 0.306 | Y=12.8440.50 X;—0.27 X3
Alternate fallow...__________________ 28 . 141 .203 - .235 Y="7.9440.37 X;—0.09 X3
Rotation without manure, 26 .105 . 350 —. 266 464 Y'=3.904-0.89 X;—0.25 X3
Rotation with manure______________________________________________ 26 .105 . 460* —.072 476 Y=—6.5141.23 X;*—0.11 X3
Corn, (stover):
ontinuous._ .. ____________...__ 30 117 .056 —. 49* 462* | Y'=1,736.01+28.8 X;—43.2 X;*
Alternate fallow_______________ 30 .076 .136 —.326 . 384 Y'=1,105.0+29.7 X;—27.7 X;
Rotation without manure. 30 . 000 . 282 —.513** .586** | Y'=060.94-77.8 X;—48.6 X;**
Rotation with manure__________________ - 30 . 000 . 350 —.374* . 512* Y'=412.5197.8 X;*—35.9 X3*
Spring wheat, (grain):
Continuous__. .. 29 .081 . 431* —.154 . .471* | Y=-3.8710.98 X;*—0.14 X;
Alternate fallow_____________ 30 .032 . 400* . 041 40 Y=—5.804-0.65 X1*+4-0.02 X3
Rotation without manure___ 29 . 163 . 566** —.121 606** | Y=—1.9441.37 X;**—0.17 X;
Rotation with manure._ . ________________________ . 29 .163 . b53** —.155 606** | Y=—2.611+1.48 X;**—0.21 X;

Kafir (grain):
Continuous. - s 24 0.296 0. 623** 0. 062 0.636** | Y=—29.5142.35 X;**—0.26 X3
Alternate fallow..._.________._____ 25 . 430* . 357 . 042 . 379 Y=—26.1311.45 X;—0.34 X;
Rotation without manure .23 . 375 . 460* . 105 . 466 Y=-32.6442.04 X;*—0.16 X3
‘Rotation with manure______________________________ . 24 .399 . 437 .164 .438 Y=-—37.97+42.08 X,+0.06 X3
Kafir (stover):
Continuous. - ciiccieees 35 .110 . B37T** —. 402* L710** | Y=+41,017.94-202.1 X **—86.5 X**
Alternate fallow___._________________ 35 .142 . 527 —. 361* .687** | Y=—537.84+179.1 X1**—98.4 X **
Rotation without manure 35 .087 . 682** —.101 L701** | Y=—3,354.84-283.6.X:**—37.6 X3
Rotation with manure______________________________________________ 35 .087 . 680** .022 .681** | Y=—3,049.14284.8 X;**—90.2 X3
‘Winter wheat (grain):
ContinuouS .. - s 29 .274 . 400* —.012 .419 Y=-0.7240.91 X;*—0.15 X;
Alternate fallow___________________ 34 .175 .163 —.004 . 206 Y=+13.164-0.32 X;—0.16 X;
Rotation without manure 33 .168 .463** .027 .466* | Y=—8.2340.90 X;**—0.07 X,
Rotation with manure._ .. 33 .168 . 395* —.102 .430* | Y=-2,0140.72 X;*—0.21 X;

1 Number of years of data used in multiple regression. Years with zero yields, or when crops were damaged by hail, were omitted.
21 asterisk (*) indicates significant at 5-percent level; 2 asterisks (**) indicate significant at 1-percent level.
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tionship between yield on summer fallow and precipitation was lower
in many instances, as would be expected.

The relationship between yield and years of cropping is shown by
the r value for )?and X,. These coefficients, however, are not inde-
pendent of the effect of precipitation, although precipitation would
influence the results only in instances in which it was related to years of
cropping. As these correlations are not independent of the effects of
precipitation, the effects of years of cropping on yield for a constant
precipitation value are discussed fully in a later paragraph.

The multiple correlation coefficients (R) show the combined relationship
of both precipitation and years of cropping to yield. Although many
of these tested highly significant, the largest coefficient was 0.787 for
continuous wheat at Havre, Mont. The square of this coeflicient would
indicate that 62 percent of the variation in yield is the result of precipi-
tation and years of cropping. Thus, even though many of the coegicients
tested highly significant, precipitation and years of cropping did not
account for a particularly large percentage of the variation i yield.

In the regression equation for calculating yield from precipitation and
years of cropping, the coefficient of X; indicates the yield change per
inch of change in precipitation for a constant number of years of cropping.
The negative values for alternate corn and fallow at some locations are
difficult to explain. It was expected that corn on fallow would not
be influenced as much by precipitation as corn on cropped land, but it
was not expected that a negative relationship would be obtained. Also,
the regression coeflicients for precipitation were higher in the rotation
receiving manure than in the rotation without manure, in every instance
except two. This was to be expected, inasmuch as the greater fertility
from manuring should result in greater increases in yield per inch of
water.

The coefficient of X, indicates the change in yield per year of cropping
for a constant precipitation value. It will be noted that corn or kafir
grain and stover yields declined in every instance except three. However,
not all of these tested significant. When the crop was wheat, both in-
creases and decreases were obtained, but none tested significant. From
these results, it is apparent that corn or kafir yields were significantly
reduced by cropping at some locations, whereas wheat yields were not.
Many of the yield changes per year appeared high but were found to be
nonsignificant. Apparently, the variation in yield was so great that
extremely large yield changes were required to test significant.

(See appendix table 47 for actual average yields and calculated yields
for the first and last years of the cropping periods shown.)

A clearer picture of the effect of years of cropping on yields is presented
(table 26), together with the changes that occurred in soil nitrogen.
The percentage change in soil nitrogen was computed as shown earlier
(p- 1& and the percentage change in yield was calculated (see footnote 1
to table 26). The data are not comparable across stations, as yield
change is a direct function of years of cropping.

It will be noted that the decline in yield was greater under continuous
cropping than under alternate cropping and fallow in nearly every in-
stance, and the difference was more striking for wheat than for row crops.
These results are in agreement with those obtained by Greaves and
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TaBLE 26.—Comparison of the percentage change in soil nitrogen with the percentage
change in yield ! of row crops 2 and wheat under 4 cropping systems at 6 locations

ROW CROP, GRAIN

Continuous |Alternate fallow Rotation

Without ma- | With manure
Location Period nure
Soil- | Yield | Soil- | Yield
nitrogen| change |nitrogen| change
change change Soil- | Yield | Soil- | Yield
nitrogen| change [nitrogen| change
change change

Years | Percent| Percent| Percent| Percent| Percent| Percent| Percent| Percent

Mandan, N. Dak_.___._____ 30 —-35 —29 40 —32 —34 —15 0 —-32
Dickinson, N. Dak. 40 —58 —31 —60 -31 —49 —-20 —39 -2
Havre, Mont_____ 31 —50 —4 -—53 +5 —48 32 —26 —8
Sheridan, Wyo.. 30 —30 —67 —35 —50 —30 —73 —2 —69
Archer, Wyo__ 34| —43| —46| —43| -17| -37| —43| -19| -2
Hays, Kans______.__________ 30 —29 —36 —40 —27 —35 —-17 —22 7

Average. ... 33 —41 —36 —45 25 -39 —23 —18 —21

ROW CROP, STOVER

30 —35 —45 —40 —51 —34 —24 0 —8
40 —58 —25 —60 —-10 —49 —-27 —39 =3
31 —50 —61 —53 —53 —48 —42 —26 —42
30 —30 —68 —35 —50 —30 —63 -2 —50
34 —43 —69 —43 —48 =37 —72 —19 —57
30 —29 —50 —40 —41 —35 —22 —22 —6
33 —41 —53 —45 —42 —39 —42 —18 —28

Mandan, N. Dak.__.._.__..__ 30 —19 37 —26 34 —34 —14 0 49
Dickinson, N. Dak_ 40 —44 —26 —50 —19 —49 —33 -39 —6
Havre, Mont___._ 31 —44 —4 —42 66 —48 —13 —26 -36
Sheridan, Wyo.. 30 21 —40 =27 -5 —30 —13 —2 10
Archer, Wyo__ 34 —-32 —47 —-33 5 -37 —43 —19 —-50
Hays, Kans________________. 30 -10 —24 -7 —18 —35 -9 —22 —26

Average. ... 33 —28 —-17 -31 11 -39 —21 —18 -10

1 The percentage yield change was computed by dividing the calculated yield change for the period by the
calculated yield in the first year and multiplying by 100. The yield change was determined by multiplying
the regression coefficient for X3, in the multiple-regression equation, by the number of years in the period.
The yield in the first year was determined from the multiple-regression equation, by substituting the aver-
age precipitation for the period for X3, and by substituting 1 for Xi.

2 The row crop was corn at all locations except Hays, in which it was kafir.

Bracken (19) in Utah and by Hill (22) in Canada. The authors of this
bulletin agree with Hill’s explanation (p. 15): “The fact that yields of
wheat on fallow have been maintained, whereas those of wheat following
wheat have fallen off, may be due partially to the improved availability
of nutrients after the fallow season. As the native fertility is gradually
reduced, this factor may become more important.”

Growing the crops in rotation without manure reduced the decline in
yield at some locations more than did either continuous or alternate
fallow, but increased it at others. The average values show that the
decline in yield for crops in rotation was similar to that of alternate fal-
low in the instance of row crops but greater in the instance of wheat.

In comparing the nonmanured and the manured rotations, the results
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were found to be variable. The most consistent results were those for
row-crop stover, for which the decline in yield was equal to or less than
that of the nonmanured rotation at every location. Why manuring should
cause a greater decrease in yield with the passing of time than nonmanur-
ing at some locations is not known, for the nitrogen content of the soil had
not been increased above its original value at any of the locations, and
therefore the tendency for burning should not have increased. Hill
(22, p. 15) stated: “Yields [of wheat at Brandon, Manitoba], have been
somewhat better in the manured rotation as compared to the unmanured,
but not enough to warrant the cost of applying the manure.” This
statement is no doubt true for some of the locations reported on in this
ublication. With continued cropping of the soil, however, the benefit
erived from manuring should increase.

In comparing the percentage change in soil nitrogen with the percentage
change in yield, it will be noted that there is no apparent relationship
between the two. At one location a low percentage change in nitrogen
may result in a large change in yield, whereas at another location the
reverse may be true. Climate and the adaptibility of the crop may be
factors influencing the results. For example, the soil at one location may
have had greater fertility than was necessary to produce maximum yields
under the climatic conditions at that location. Thus, fairly large de-
clines in fertility could occur without seriously influencing yields. On
the other hand, at another location the fertility may have originally been
barely adequate to produce good yields, in which instance even small
declines in fertility may have reduced yields considerably.

Since periodic soil-nitrogen determinations had been made at Sheridan,
Wyo., and at Hays, Kans., it was possible to compare periodic changes in
nitrogen with changes in crops yields. To make them comparable, both
the nitrogen and the yields were placed on a relative basis. In other
words, the nitrogen content of the soil at each sampling date was ex-
pressed as a percentage of the nitrogen content on the first sampling
date. The yield for each subsequent date was calculated from the mul-
tiple-regression equation, the average precipitation for the period being
used as Xj, and the calculated yield for each date being expressed as a
percentage of the yield on ihe first date. The results are presented (table
27). Soil-nitrogen data were not available for all sampling dates for
some of the cropping treatments.

At Sheridan, the relative values for corn and stover yields were lower
than for soil nitrogen in every instance, while those for wheat yields were
higher in every instance except for that which was continuously cropped.
This would indicate that corn yields have declined at a greater rate than
soil nitrogen, while the reverse is true for wheat. The corn and wheat
grain yields are presented graphically (figs. 7 and 8, respectively), together
with the relative soil-ntirogen values, to bring out these points more
clearly. i

In Zhe manured rotation, the extreme contrast in yield trends of corn,
as compared with those of wheat, is difficult to explain. Both the corn
and the wheat were grown in the same rotation on the same soil; yet corn
yields dropped sharply and wheat yields increased slightly with little
change in soil nitrogen. %Fparently, there is some factor that influences
corn yields but does not affect wheat yields.
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TaBLE 27.—Comparison of relative content of sotl nitrogen with relative yield of
row crops and wheat under 4 cropping treatments during different years at
Sheridan, Wyo., and Hays, Kans.

SHERIDAN, WYO.

Rotation
Continuous Alternate
‘Without manure ‘With manure
Crops and year
Relative | Relative | Relative | Relative | Relative | Relative | Relative | Relative
soil ni- yield soil ni- yield soil ni- yield soil ni- yield
trogen trogen trogen trogen
Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
100 100 100 100 100 100 100 100 -
__________ 78 86 83 |oeoeos 76 96 77
.......... 55 77 66 |-cceeeo—- 51 95 54
70 33 656 50 70 27 98 31
100 100 100 100 100 100 100 100
__________ 77 86 8 |- 79 96 83
__________ 55 77 (i 2 P 58 95 67
70 32 65 50 70 37 98 50
100 100 100 100 100 100 100 100
__________ 87 91 98 |- 96 96 103
__________ 73 80 97 |ocoae 91 95 107
79 60 73 95 70 87 98 110
HAYS, KANS.
100 100 100 100 100 100 100
87 81 90 |- 04 | 102
73 68 80 68 87 81 105
60 73 65 83 79 107
100 100 100 100 100 100 100
82 81 85 |oceeeoo 92 |- 98
63 68 70 68 84 81 96
1946__ 50 60 59 65 78 79 94
‘Wheat, grain:
1016 . ______ 100 100 100 100 100 100 100 100
1927 . 96 08 93 |- 97 |- 20
1938 oo 88 83 90 87 68 94 81 81
1946 920 76 93 82 65 91 79 74

At Hays, the relative values for yield of kafir grain and stover were
higher than for soil nitrogen in every instance except for stover under
continuous cropping. Relative values for kafir-grain yields under con-
tinuous cropping and stover yields under alternate fallow were approxi-
mately equal to those for soil nitrogen. For wheat, the relative yield
values were less than those of soil nitrogen under continuous and alter-
nate cropping, greater in a rotation without manure, and about equal in
a rotation with manure. These results were almost the reverse of those
obtained at Sheridan.

From these results, it would be difficult to make an overall statement
as to the effects on crop yields of losses or gains in soil nitrogen. Appar-
ently, the effect was considerable at some locations and only slight at
others, but row crops in general were influenced more than wheat.

Further evidence that nitrogen may not be limiting wheat yields at
many of the locations is shown by the results of fertilizer tests conducted
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Ficure 7.—Comparison of relative corn-grain yields and relative soil-nitrogen values
on different dates from 4 cropping treatments at Sheridan, Wyo.

at 13 locations in the Great Plains, 1950-52. The average yields ob-
tained from these tests are presented (table 28). It will be noted that
Mandan and Hays were the only locations that showed much response
to nitrogen. In individual years, however, response was observed at
some of the other locations. It is interesting to note that at Garden City,
Kans., and Woodward, Okla., no response was obtained, even though the
nitrogen content of the soil is low at those locations. The discussion on
nitrification (p. 33) brought out the fact that the Garden City soils had
a relatively high rate of nitrification in relation to the total soil-nitrogen
level; this may have provided the necessary soluble nitrate-nitrogen for
crop production.

Moisture is no doubt limiting the response to nitrogen fertilizer in
many instances. More moisture is generally available on fallowed than
on cropped land, but at the same time there is usually more available
nitrogen present under fallow. Thus, nitrogen fertilizers should not be
expected greatly to influence yields under this treatment.

ore emphasis should be placed on conserving moisture so that crops
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Ficure 8.—Comparison of relative wheat-grain yields and relative soil-nitrogen values
on chﬁ erent dates from 4 cropping treatments at Sheridan, Wyo.

TasLe 28.—Total nitrogen content of soil, and average yield of wheat with and
without fertilizer, at 13 locations in the Great Plains, 1950-562

Soil nitrogen Grain yield
Location Years Previous crop

0to6 6 to 12 Check | Nitrogen

inches inches applied 1

Percent | Percent | Bushels | Bushels
Mandan, N. Dak___________ 2 0.118 0.112 9.5 13.1
Dickinson, N. Dak .168 .124 13.8 13.2
218 .191 16.8 17.2
. 092 .072 17.3 15.7
.120 .098 11.6 11.5
.136 .123 16.4 17.8
087 . 087 2L.5 21.4
089 . 085 26.0 26.7
22.9 21.8
6.9 6.3
. 080 . 096 16.3 15.1
.118 . 005 22.6 29.6
. 064 . 068 18.3 18.2
.049 053 22.3 21.3

1
1
1

1 From 20 to 40 pounds of nitrogen applied per acre,
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can be grown every year. With increased moisture storage, greater
responses to nitrogen fertilizers could be expected; and it might be
possible to eliminate summer fallow, which is a source of much wind and
water erosion difficulty and is responsible for great depletion of soil
nitrogen and carbon.

Summary

A study was made of the effect of cropping on the carbon and nitrogen
content of the soil at 14 locations in the Great Plains. The period of
cropping ranged from 30 to 43 years, and the loss of nitrogen varied from
24 to 60 percent. The average of all locations was 39 percent loss of
nitrogen over a 36-year period. Organic carbon losses were similar to
nitrogen losses except that they were slightly greater.

Samples were collected periodically at 4 locations. The results at 3
of these locations in Kansas showed a sharp decline in nitrogen the first
10 to 20 years, with a tendency to level off in the later years. At Sheridan,
Wyo., the decline was almost linear, with little leveling off.

An attempt was made to determine whether one type of small grain
influenced nitrogen or carbon losses more than another. As nearf; as
could be determined, there was little difference in their effect on these
losses.

Land which had been continuously cropped to small grains, or which
had been alternately cropped to small frains and fallow, lost much less
nitrogen than that which had been planted to row crops. Alternate
small-grain and fallow land lost more nitrogen than that continuously
cropped, at every location except one; with row crops, however, the loss
was greater under alternate row crop and fallow than under continuous
row crop, at only 7 out of 13 locations. The average loss from the
surface soil under these cropping treatments at 11 locations was 24
percent for continuous small grains, 29 percent for alternate small
grains and fallow, and 43 percent for both continuous row crop and
alternate row crop and fallow. Losses from the subsurface soils were
considerably less than from surface soils.

Applications of barnyard manure reduced the loss of nitrogen at all
locations, compared with similar rotations without manure. At 1 loca-
tion an increase in nitrogen was noted. The average loss at 12 locations
was 37 percent from a rotation without manure and 25 percent from a
rotation receiving manure.

Neither rye nor legumes used as green manure were effective in reducing
the loss of nitrogen.

The effect of grass in a rotation on the loss of soil nitrogen was studied
at 3 locations, and the effect of alfalfa at 4 locations. Both grass and
alfalfa reduced the losses in each instance except alfalfa at 1 location.
Neither grass nor alfalfa maintained the nitrogen at its original level.

The relationship between total nitrogen in the soil and nitrate produc-
tion during a 6-week incubation period was determined on a total of 214
samples from 13 locations. There was a relationship between total
nitrogen and nitrate production at all but 2 locations. The correlation
coefficient for all samples was 0.562, which was highly significant. In
addition to the 6-week incubation period, 1 high- and 1 low-nitrogen soil
from each location was incubated for 12, 18, and 24 weeks. The high-



54 TECHNICAL BULLETIN 1164, U. S. DEPT. OF AGRICULTURE

nitrogen soils not only produced more nitrate during the first 6-week
riod but were able to maintain a higher rate of nitrification during
Ol’l:[g](;l‘ periods of incubation.

e effect of cropping on the total nitrogen content of the soil was
compared with the effect of cropping on nitrate-nitrogen production.
The results varied considerably between locations; but the average loss
of nitrogen was 39 percent, and the average loss in nitrate-nitrogen
producing ability of the soil was 35 percent.

The type of crop growing on the land immediatetl{ prior to time of
sampling had little effect upon nitrate production. However, there was
evidence in the majority of the samples that those samples from summer
fallow were able to produce less nitrate during incubation than those
from cropped land.

The el}f)ect of barnyard manure on the early growth and nitrogen con-
tent of wheat plants was determined at 11 locations. Expressed as a
percentage of the checks, the effect of manure on plant weight ranged
from a decrease of 18 percent at Archer, Wyo., to an increase of 146 per-
cent at Sheridan, Wyo. The effect of manure on the weight of nitrogen in
the plants ranged from 0 at Archer, Wyo., to an increase of 211 percent in
winter wheat at North Platte, Nebr. The effect of manure on the per-
centage nitrogen in the plants ranged from a 10-percent decrease at Man-
dan, N. Dak., to an increase of 40 percent at North Platte, Nebr. In-
creased early growth from the use of manure resulted in increased grain
yields in some instances but not in all.

An attempt was made to determine the effect of years of cropping or of
the decline in soil nitrogen on crop yields. As nearly as coulg e deter-
mined from data at 6 locations, row-crop yields declined significantly in
some instances while wheat yields did not. Although none of the changes
in wheatyields tested significant, there was evidence that continuous crop-
ping reduced yields more than alternate cropping and fallow, even though
soil nitrogen losses were greater under alternate cropping and fallow. In
some instances, yields from a rotation receiving manure declined more than
from a nonmanured rotation, but in general, the decline was not as great,
and in a few instances yields increased. When the percentage changes in
soil nitrogen were compared with the percentage changes in yield, there
was apparently little relationship between the two. In some instances
yield changes were greater than the nitrogen changes, while in others, the
reverse was true.

Fertilizer trials conducted during a 3-year period at 13 locations showed
that wheat responded to nitrogen at only 2 of these locations. There were
individual years, however, in which responses were obtained at a few of
the other locations. This indicated the probability that in many instances
moisture is still the main limiting factor.
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APPENDIX

TaBLE 29.—Nitrogen and carbon content and carbon/nitrogen ratio of

CONTINUOUS SPRING

Nitrogen at—
Rotation 2 | Plots | Crops and tillage treatments | Year |[Number 0to6 6to 12
started | of plots inches inches
1914 1943 1914 1943
Pet. Pet. Pet. Pet.

Spring wheat—plowed.._.._._ 1914 2| 0178 | 0.142 | 0.138 [ 0.142

Oats—plowed ._..__ 1914 2 . 142 .114 .108 .108

Barley—plowed 1914 2 .212 .179 . 158 .162
................................................ 177 . 145 .135 . 137

ALTERNATE SPRING

Spring wheat, fallow__________ 1914 2| 0.190 ]| 0.140 | 0.147 | 0.140

Oats, fallow_.____ -{ 1914 2 . 1566 L112 .118 . 106

Barley, fallow__._._____._..___ 1914 2 211 .162 . 154 .141
................................................ . 185 .135 . 140 .129

CONTINUOUS

M.C.._.___ A-B__| Corn—plowed_._______________ 1914 2| 0.170§ 0.110| 0.130 | 0.112
ALTERNATE ROW

M.C.oeoe. C-D__| Cormn, fallow___ oo 1914 2] 0.166 ] 0.100| 0.120 | 0.098
ALTERNATE ROW CROP

40 ___ A-B__|{ Corn,o0ats_____________________ 1914 2| 0.142 | 0.100| 0.108 | 0.092
49 . ____ A-B__| Corn, spring wheat____._._____ 1914 2 . 144 .102 . 108 . 098
Average._ _|-ooooo|oocomoeiiie e J143 | .101| .108{ .005
ROW CROP, SMALL GRAIN,

1914 9| 0169 | 0.105| 0.118 | 0.102

1914 3 .141 .102 .102 . 087

1914 3 .161 L1158 .119 .110

AVerage . _ |- oo e . 154 .107 .113 . 100

ROW CROP (MANURED),

68 - A-C 1914 3| 0.144| 0.143 | 0.106 0.116

Corn (manured), spring wheat,
oats.

See footnotes at end of table.
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TABLES

the soil, under various rotaitons at Mandan, N. Dak., 19141 and 1943
SMALL GRAIN

Nitrogen at— Carbon at— Ratio of carbon to nitrogen at—

12 to 24 0to6 6 to 12 12 to 24 0to6 6 to 12 12 to 24
inches inches inches inches inches inches inches
1914 | 1043 | 1014 | 1943 | 1014 | 1043 | 1014 | 1943 | 1014 | 1043 | 1014 | 1943 | 1914 | 1943

Pet. Pct.| Pct.| Pct.| Pet.| Pct.| Pct.| Pect.

0.096 [0.006 | 2.34 | 1.82) 1.72| 1.76 | 1.18| 1.17] 13.1 | 12.8| 12,5 | 12.4]| 123 | 12.2
.076 | .078 | 1.88 ] 1.42| 1.36| 1.33 .01 .92 13.2 | 12.5| 126 | 12.3 | 12.0 | 11.8
.104 | .098 | 2.76 | 2.26 | 1.98 ) 2.07 | 1.28 | 1.18| 13.0 | 12.6 ( 12.5| 12.8 | 123 | 12.0
.002 | .001| 233 | 1.83 | 1.60| 1.72| 1.12| 1.09| 13.1| 12.6 | 12.5 | 12.5| 122 | 12.0

SMALL GRAIN AND FALLOW

0.100 | 0.080 | 2.48 | 1.77 | 1.84| 1.74| 1.22| 1.02| 13.1 | 12.6 | 125 | 12.4| 122 | 11.5
.078 1 .072| 2.04 | 1.39| 1.48| 1.32 .95 .82 13.2 | 12,4 125 | 12.5| 12.2 | 11.4
.008 | .084| 2.75| 1.94( 1.93| 1.78| 1.2 .97 13.0| 128 | 125 12.6 | 12.2 | 116
L0092 .082| 2.42| 1.70| 1.75| 1.61 1.12 .84 13.1 12.6 | 12.5| 12.5 | 12.2| 11.5

ROW CROP

0.083 [ 0.074 | 2.24 | 1.38 | 1.64| 1.3¢ ( 1.00| 0.87 | 13.2| 125} 12.6 | 12.0| 12.0 | 118
CROP AND FALLOW

0.076 [ 0.066 | 2.19 | 1.23 | 1.49| 1.20| 0.91 | 0.76 | 13.2 | 12.3| 12.4 | 12.2{ 120 | 115
AND SMALL GRAIN

0.072 [ 0.066 | 1.87 ( 1.19( 1.35| 1.12| 0.8} 0.78 | 13.2| 11.9( 12.5| 12.2| 11.9| 118
L0741 .074 | 1.90| 1.26 | 1.36 | 1.24 .89 .87 | 13.2| 12.4| 126 | 127 120 | 118
.073 [ .070 | 1.88 | 1.22| 1.36| 1.18 .88 .82 | 13.2| 12.2| 12,6 ( 124 | 12.0( 11.8

SMALL GRAIN

0.082 10076 | 2.09 | 1.31 | 1.47 | 1.26| 0.99 | 0.89 | 13.1| 12.5| 12.5| 12.4| 121 | 11.9
.069 | .085 | 1.85| 1.23| 1.28( 1.08 .82 76 131 12.1| 125 12.4| 11.9 | 117
.00 .001| 212 | 1.45| 1.50( 1.39 | 1.09 | 1.07 | 13.2| 12.6 | 12.6 | 12.6 | 121 | 11.8
.080 | .077 | 2.02 | 1.33| 1.42| 1.24 .97 .01 13.1| 12.4| 125 12.5( 120 | 11.8

SMALL GRAIN, SMALL GRAIN
0.076 [ 0.081 | 1.89 | 1.76 | 1.33 | 1.45( 0.92| 0.97 | 13.1| 123 | 125 12.5| 121 | 12.0

See footnotes at end of table.
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TABLE 29.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil,

FALLOW, SMALL GRAIN,

Nitrogen at—
Rotation 3 | Plots | Crops and tillage treatments 0to6 6t012
inches inches
1914 1943 1914 1943
Pet. Pct. Pct. Pet.
5 A-C | Fallow, spring wheat, oats--.- 0.136 | 0.096 | 0.103 | 0.094
8. A-C | Fallow, oats, spring wheat.. .176 .128 134 .121
Average .| cceeoeo|-ommomo o -- .156 11 .118 .108
ROW CROP, SMALL GRAIN
) [ I A-D Cor::tl‘\,3 spring wheat, fallow, 0.157 | 0.109 | 0.120 | 0.104
oats.
ROP, SMALL GRAIN, RYE (GREEN
14 e A-D | Corn, spring wheat, winter 0.161 | 0.110 | 0.119 | 0.103
rye (green-manured), oats.
ROW CROP, SMALL GRAIN,
L3 I A-D | Corn, spring wheat, sweet- 4| 0.145| 0.102| 0.107 | 0.098
clover n-manured), oats.
ROW CROP, SMALL GRAIN, FALLOW
b A-D | Corn, spring wheat, fallow 0.134 | 0.124 | 0.099 | 0.103
(manured), oats.
ROW CROP, SMALL GRAIN, SMALL
418 . A-F | Corn, spring wheat, oats, 3 0.149 | 0.112 | 0.106 | 0.100
plots grass. . .
ROW CROP, SMALL GRAIN, SMALL GRAIN,
423 ________. A-F | Corn, spring wheat, oats, 3 0.164 | 0.134| 0.119 | 0.122
: plots alfalfa.
VIRGIN
MNone)...._f---oo--- Nativegrasses. ____coceoeoo oo | 18 | 0.156 |--oooooo 0.111

1 Nitrogen and carbon values in 1914 were calculated as described in text.

2The symbol “M. C.” means “ Methods of cropping.”



under various rotations at Mandan, N. Dak., 1914 and 1943—Continued

NITROGEN AND CARBON CHANGES IN GREAT PLAINS SOILS 61

SMALL GRAIN

Nitrogen at— Carbon at— Ratio of carbon to nitrogen at—
12 to 24 0to6 6 to 12 12 to 24 Oto6 6 to 12 12 to 24
inches inches inches inches inches inches inches
1014 | 1043 | 1914 | 1043 | 1014 | 1943 | 1914 | 1943 | 1914 | 1043 | 1914 | 1943 | 1014 | 1043
Pet. Pct.| Pct.| Pct.| Pct. | Pct. | Pet. | Pct.
0.075 | 0.075 | 1.80 | 1.19 | 1.20 | 1.19| 0.90| 0.92 | 13.2 | 12.4| 12.5| 12.7| 12.0| 123
.088 | .083| 2.31| 1.54| 1.68 | 1.48| 1.07 .06 13.1( 12.2| 125 12.2| 12.2 | 11.4
.082 | .079 | 2.06 | 1.36 | 1. 1.34 .98 .94 18,2 123 125 12.4| 121 | 118
FALLOW, SMALL GRAIN

0.0% | 0.082| 2,06 | 1.37| 1.50 ( 1.34 | 1.04 | 1.01 | 13.1| 326 | 125 129 | 121 123
MANURE), SMALL GRAIN

0.000 | 0.082 | 212 | 1.36| 1.50.] 1.29 | 1.10| 0.97 | 13.2 | 12.4| 126 | 125 | 12.2( 118
LEGUME (GREEN MANURE), SMALL GRAIN

0.080 | 0.078 | 1.90 | 1.28| 1.35| 1.21] 0.98| 0.94 | 13.1| 125 | 12.6 | 123 | 12.3| 121
(MANURED), SMALL GRAIN

0.074 | 0.079 | 1.77 | 1.57 | 1.24| 1.30| 0.89 | 0.94| 13.2} 12.7| 125| 12.6 | 12.0| 11.9
GRAIN, GRASS, GRASS, GRASS

0.077 [ 0.077 | 1.96| 1.40| 1.33| 1.23| 0.93| 0.96 | 13.2] 12.5| 12.5| 123 | 12.1 | 125
ALFALFA, ALFALFA, ALFALFA

0.080 [ 0.093 | 2,16 | 1.65| 1.49 | 1.564 | 1.08 | 1.11{ 13.2| 12.3 | 12.5| 12.6 | 121 | 119
SOD

0.081 2.05 1.39 0.98 181 12.5 12.1

3 Changed to deferred type rotation in 1937,



TaBLE 30.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under various rotations at Dickinson, N. Dak., 1947

CONTINUOUS SMALL GRAIN

Nitrogen at— Carbon at— | Ratio of carbon
Num- to nitrogen at—
Year ber
Rotation ! Plots Crops and tillage treatments started of
plots | 0to6 | 6to12| Oto6 [6to12| Oto6 | 6tol2
inches | inches | inches | inches | inches | inches
Percent| Percent| Percent| Percent
_| Spring wheat—plowed. P 1907 2| 0.162 . .
Oats—plowed. ___ el 1907 2 .154
Barley—plowed ... 1907 2 .173
———— SR SRR [P, .163 121 e
ALTERNATE SMALL GRAIN AND FALLOW
Spring wheat, fallow___ 1907 2] 0.148
_| Oats, fallow. 1907 2 .139
Barley, fallow.________ 1907 2 .152
............................................................. . 147
CONTINUOUS ROW CROP
M.Co . A-B_ .. Corn—plowed - 1907 2) 0.120 | 0.083 1.33 0.92 11.0 11.2
ALTERNATE ROW CROP AND FALLOW
M.C.__.. C-D.. —=--] Corn, fallow e 1907 2] 0.118 | 0.09 1.28 1.04 10.8 11.6
ROW CROP, SMALL GRAIN, SMALL GRAIN
7-- JA-O Corn, oats, barley. e | 1807 3] 0148 | 0.115 | oo _|icm o femmome e
9 A-C_. Corn, oats, spring wheat___________ . 1907 3 .150 AN |
Average.____.__ - .149 [ B & 2 RSN FEPUSIVUPIOUEN BRI P,
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ROW CROP (MANURED), SMALL GRAIN, SMALL GRAIN

[, A-C o emiaes Corn (manured), spring wheat, oats. ce--| 1907 3] 0.180 } 0.146 2.08 1.66 1.5 11.3
FALLOW, SMALL GRAIN, SMALL GRAIN
- S A-Co . Fallow, spring wheat, oats. .._______________ 1907 3| 0.142| 0.100 ) PRI FRPRRR I,
- J PRI A-C__._ . Fallow, oats, spring wheat._ . __.___________._________________ 1907 3 . 147 P (1 2 SRR MR PRI N
AVerage. oo jeeoooocoaoo e . 145 .102 -
PEAS (GREEN MANURE), SMALL GRAIN, SMALL GRAIN
2 A-C. ol Peas (green manure), spring wheat, oats_...._._______________ 1907 3) 0.147 | 0.105 ||l el
WINTER RYE (GREEN MANURE), SMALL GRAIN, SMALL GRAIN
(- N A-C_ . ‘Winter rye (green manure), spring wheat oats_.._...._..__.._. 1907 3] 0153} 0.111 - -
ROW CROP, SMALL GRAIN, WINTER RYE (GREEN MANURE), SMALL GRAIN
b ¥ S, A-Doo. Corn, oats, winter rye (green manure), spring wheat_...______ 1907 4] 0.149] o0.111 0N FERURPIN SIS MU
ROW CROP, SMALL GRAIN, LEGUME (GREEN MANURE), SMALL GRAIN
Corn, spring wheat, peas (green manure), 0ats_ _._____________ 1907 41 0.151 | 0.118 |cemoomo oo feeee
Corn, oats, peas (green manure), spring wheat_ ____ -| 1907 4 . 132 L0092 oo
Corn, spring wheat, sweetclover (green manure), oats. _-| 1907 4 .168 L1111 -
_| Corn, oats, sweetclover (green manure), spring wheat...______ 1907 4 . 146 I (1725 RN NSRRI MU AR
.................................................................. .149 L1068 || I
ROW CROP, SMALL GRAIN, SMALL GRAIN, ALFALFA, ALFALFA, ALFALFA
42 il A-F_o . Corn, oats, spring wheat, alfalfa, alfalfa, alfalfa..___.___________ 1907 6] 0163 | 0.112 || |
VIRGIN 80D
(None)._. R .| Native grass_ . . .o e 91 0.203 | 0.162 3.64 1.87 12.4 1.5

1 The symbol “M. C.” means ‘“Methods of cropping.”’
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TaBLE 31.—Niirogen and carbon content and carbon/nitrogen ratio of the soil, under various rotations at Havre, Mont., 1947
CONTINUOUS SMALL GRAIN

Nitrogen at— Carbon at— | Ratio of carbon
Num- to nitrogen at—
Rotation 1 Plots Crops and tillage treatments Year ber
started of
plots | Oto6 [B6to12| 0to6 |6tol12| Oto6 | 6tol12
inches | inches | inches | inches | inches | inches
‘Winter wheat—plowed 1916 2{ 0.110 | 0.108 1.05 0.99 9.5 9.2
Spring wheat—plowed.- 1916 2 .088 .087 .87 .84 10.0 9.6
Oats—plowed._ 1916 2 . 102 . 096 .94 .90 9.2 9.3
Spring rye—plowed. 1927 2 . 092 .088 .89 .83 9.7 9.3
.098 . 095 .94 .89 9.6 9.4
ALTERNATE SMALL GRAIN AND FALLOW
M.C C-D ‘Winter wheat, fallow. 1916 2| 0.098 | 0.104 0.88 0.94 8.9 9.0
M.C C-D.. Spring wheat, fallow | 1916 2 .088 . 095 .82 .90 9.4 9.4
M. O C-D_ Oats, fallow. 1916 2 .092 . 090 .82 .79 8.9 8.8
M.C_____ C-D._. Spring rye, fallow . 1927 2 . 087 .075 .78 .68 9.0 9.0
Average .091 .091 .83 .82 9.0 9.0
CONTINUOUS ROW CROP
M. O A-B_. Corn—plowed 1916 2| 0.076 | 0.082 0.67 0.72 8.8 8.9
ALTERNATE ROW CROP AND FALLOW
M.C C-D._ Corn, fallow. 1916 2| 0.071 | 0.074 0.62 0.65 8.8 8.8
ROW CROP, SMALL GRAIN, SMALL GRAIN
Corn, spring wheat, oats_ 1916 3] 0.078 | 0.081 0.74 0.72 9.5 8.9
Corn, oats, spring wheat 1916 3 .084 .086 .82 .80 9.7 9.3
Corn, oats, barley. --| 1918 3 .097 . 090 .92 .82 9.5 9.1
. 086 . 086 .82 .78 9.6 9.1
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ROW CROP, SMALL GRAIN, SMALL GRAIN (MANURED)

Corn (manured), oats, spring wheat 1916 3 0.112 | 0.006 1.08 0.89 9.7 9.2
-| Corn, oats, spring wheat (manured) 1916 3 .102 .095 97 .86 9.5 9.1
Corn, oats (manured), spring wheat 1916 3 .093 .078 .94 .72 10.1 9.4
———- .102 . 089 1.00 .82 9.8 9.2
FALLOW, SMALL GRAIN, SMALL GRAIN
S A-CoaL Fallow, spring wheat, oats.__ 1916 3] 0.097| 0.097 0.90 0.87 9.3 9.0
L JE PRI A-Co ... Fallow, oats, spring wheat_________ 1916 3 . 092 .086 .85 .79 9.3 9.2
Average .095 .092 .88 .83 9.3 9.1
FALLOW, SMALL GRAIN, WINTER RYE
[1¢ 1 TR A-Oo s Fallow, spring wheat, winter rye 1937 3| 0.098 | 0.102 0.89 0.88 9.0 8.7
FALLOW, SMALL GRAIN, WINTER RYE (GREEN MANURE)
983 s A-Co. Fallow, spring wheat, winter rye (green manure).____..___.___ 1937 3] 0.097 | 0.102 0.86 0.87 8.9 8.5
ROW CROP, SMALL GRAIN, FALLOW (MANURED), SMALL GRAIN
Corn, spring wheat, fallow (manured), oats_______._.._.______ 1916 41 0.106 | 0.093 1.00 0.86 9.4 9.2
Corn, oats, fallow (manured), spring wheat___________________ 1916 4 121 .110 1.16 .97 9.6 8.9
AVerage . oo oo |oemooo ool - - .114 .101 1. .92 9.5 9.1
SMALL GRAIN, FALLOW, FALLOW, FALLOW
[ (| A-D___ ... 8pring wheat, fallow, fallow, fallow. 1916 4] 0.087 | 0.091 0.74 0.78 8.5 8.6
VIRGIN 80D
None__.._.... Native grasses - 9| 0.161] 0.108 1.75 0.99 11.6 9.2
1 The symbol “M. C.” means ‘“Methods of cropping.”

2 From 1916 to 1926, inclusive, the area occupled by the M. C. rye plots was in M. O. flax plots.
3 From 1916 to 19368, inclusive, the area occupied by rotation 9 was in rotation 54, plots A, B, and C. That occupled by rotation 99 was formerly in rotation 54, plot D, and
54 and 16 were 4-plot rotations containing peas ploweti under for green manure.

rotation 16, plots A an

d

B. Both rotations
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TaBLE 32.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under various rotations at Moccasin, Mont., 1947

CONTINUOUS SMALL GRAIN

Ratio of
Num- Nitrogen Carbon carbon to
Year ber at— at— nitrogen
Rotation 1 Plots Crops and tillage treatments started <l)f " at—
plots
0 to 6 inches|0 to 6 inches|0 to 6 inches
Percent Percent
‘Winter wheat—plowed ... 1008 2 0. 200 2.21 11.0
Spring wheat—plowed._ 1908 2 .212
QOats—plowed.-___.___ 1908 2 .223
Barley—plowed.___ 1908 2 .229
Spring rye—plowed. - - 1933 2 . 232
.................................................................................... V219 e
ALTERNATE SMALL GRAIN AND FALLOW
Winter wheat, fallow_ . . 1008 2
Spring, wheat, fallow__ 1908 2
Oats, fallow__._____. 1008 2
Barley, fallow._.._. 1908 2
Spring rye, fallow. 1933 2
ROW CROP, SMALL GRAIN, SMALL GRAIN
Corn, spring wheat, oats. 1908 3
..... [ (C 1908 3
Corn, oats, spring wheat 1908 3
Corn, o0ats, barley. oo 1908 3

FYALTIADIYHV J0 "Iddd S 'O ‘P91T NILATING TVOINHOEL 99



ROW CROP (MANURED), SMALL GRAIN, SMALL GRAIN

67 e C A-C_ . Corn 5manured), oats, spring wheat__ 1912 3
68, s A-Co . Corn (manured), spring wheat, oats__ 1912 3
Average. ||
ROW CROP, SMALL GRAIN, SWEETCLOVER (GREEN MANURE), SMALL GRAIN
818 . A-Do . Corn, spring wheat, sweetclover (green manure), oats_ ... 1937 4 0.206 | _____ | .
323 A-Do . Corn, oats, sweetclover (green manure), spring wheat...__ 1937 4 . 200 0.215 10.8
AVOIAgO. - oo || e W208 |
VIRGIN SOD
None. - oo Native grass. - - iiccie e 9 0.300 3.4 10.8

1 The symbol “M. C.’”” means ‘‘Methods of cropping.”
2 From 1908 to 1932, inclusive, these plots were in M. C. flax. .
3 From 1908 to 1936, inclusive, the area occupied by rotations 31 and 32 was in rotations 16 and 17 respectively, which contained peas instead of sweetclover.
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TABLE 33.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under various rotations at Huntley, Mont., 1947
CONTINUOUS SMALL GRAIN

Nitrogen at— Carbon at— | Ratio of carbon

Num- to nitrogen at—
Rotation ! Plots Crops and tillage treatments Year ber
started | of

plots | 0to6 |6to12| Oto6 |6to12| 0to6 | 6to12
inches | inches | inches | inches | inches | inches

‘Winter wheat—plowed..._.__..___.

Spring wheat—plowed.. -
Oats—plowed...._......_.

Barley—plowed. -

Flax—plowed . - iiccceaeooos

ALTERNATE SMALL GRAIN AND FALLOW

‘Winter wheat, fallow .. eeeeas 1912 2 0.105 | 0.092

Spring wheat, fallow. - 1912 2 .074 .076

Oats, fallow.__..__._.._ 1912 2 .072 . 085

Barley, fallow- 1914 2 .071 .048 |-

Flax, fallow . o e 1912 2 . 068 .072

RSSO SROUPIUPIOR FOSIR .078 1171 RN PRI AR I
ALTERNATE SMALL GRAIN AND FALLOW (MANURED)
B8 e ccaceoes A-Bocoa. ‘Winter wheat, fallow . ... 1914 21 0122 0.080 | 1.20 0.76 9.8 9.5
1 A-Bo . Spring wheat, fallow . . imeaoas 1914 2 .110 W085 | e
N T S OSSR SRR M .116 ISt 7”2 PR (RS FSR ER,
CONTINUOUS ROW CROP

M.Coocceccceec | A-Bo L Corn—plowed. - e 1912 2] 0.070 | 0.068 | 0.64 0.63 9.2 9.2

FYALTADIYHY J0 "LdEA S ‘A ‘P911T NILATING TVOINHOAL K9



ALTERNATE ROW CROP AND FALLOW

M. C C-D. Corn, fallow 1912 2| 0.066 | 0.060
ROW CROP, SMALL GRAIN, RYE (GREEN MANURE), SMALL GRAIN
51.. A-D. .. Corn, barley, rye (green manure), winter wheat..__._.._...._.. 1912 4] 0.000 | 0.096 |-...._._
- A-D__ ... Corn, winter wheat, rye (green manure), barley....._......... 1912 4 . 092 1 N (I -
Average. - .01 .091
ROW CROP, SMALL GRAIN, PEAS (GREEN MANURE), SMALL GRAIN
[ 7, A-D___ .. Corn, barley, peas (green manure), winter wheat...._.__._____ 1012 4] 0.003 | 0.090 |-ooooo|ocmococ]amcace ] eaeaae
- S, A-Do_ ... Corn, winter wheat, peas (green manure), barley......_.._.... 1912 4 . 099 1R 1:*) U R FRPURRIo (ISR [
Average...._... SRRSO RIS A, .086 000 |oc oo
SMALL GRAIN, FALLOW, FALLOW, FALLOW
- (1 R, A-D.___ . Spring wheat, fallow, fallow, fallow ..o ... 1914 4 0.061 | 0.042 |._.____. -

1 The symbol “M. C.” means ‘“Methods of cropping.”
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TABLE 34.—Nitrogen and carbon content and carbon/nitrogen ratio of soil from various rotations at Sheridan, Wyo., 1917 and 1947
CONTINUOUS PEAS—PLOWED UNDER

Nitrogen at— Carbon at— Ratio of carbon to nitrogen at—
Num-
Rotation ! Plots Crops and tillage treatments blir 1?! 0 to 634 Inches | 634 to 20 inches | 0 to 634 inches | 634 to 20 inches | 0 to 634 inches | 634 to 20 inches
plots
1917 1947 1917 1947 1917 1947 1917 1947 1917 1947 1917 1947
Percent| Percent| Percent| Percent| Percent| Percent| Percent! Percent
Continuous_ . _|..._____..__ Peas—plowed under_____._________ 1 0.185 | 0.134 | 0.159 0.129 1.99 1.30 1.62 1.32 10.8 9.7 10.2 10.2
CONTINUOUS FALLOW
Continuous. . _|_._._________ Fallow. o 1] 0.166} 0.095| 0.103 | 0.079 1.86 0.94 1.18 0.84 11.2 9.9 1.5 10.6

CONTINUOUS SMALL GRAIN—PLOWED OR LISTED

M.C Spring wheat—plowed.____________ 2| 0.140| 0.111 | 0.103 | 0.102 1.50 1.09 | 0.97 10.7 9.8 [ccoomon 9.5
M. C s;igtngd wheat—E subsoiled, F 2| .132| .109| .103 .096 | 1.34 1.01{ 0.98 .90 10.2 9.3 9.5 9.4
ed.

M. C Oats—plowed._ . .__._______________ 2| .140| .112] .096{ .100 1.47 110 ... .97 10.5 9.8 oo . 9.7

M.C OQats—E subsoﬂed, Flisted ... 2| .145] .113| .19 .101 1.45 | 1.03 1.04 | 1.01 10.0 9.1 9.5 10.0

M.C Barley—% wed_ oo 2 . 148 .116 .101 .104 1.62 108 [ .98 10.9 9.3 oo 9.4

M. C Barley—E subsoiled, F listed. ... 2| .162| .124| .116 106 174 118 119 .10 | 10.7 9.5 10.3 10.4

M. C Winter wheat—plowed ............ 2 .153 J112 .108 . 008 1.48 1.05 1.02 .92 9.7 9.4 9.4 9.4

M. C R Wliig&aé wheat—E subsoiled, F 2| .142| .m2| .102| .o097| 1.37] 1.07 .99 .94 9.6 9.6 9.7 9.7

Average. .|| L1456 .114 | .105 .101 1.50 1.08 |oceeoeen 97| 10.3 9.5 | oo 9.6
CONTINUOUS SMALL GRAINS—ALTERNATE PLOWED AND DISKED

Oats aud wmter wheat_._._...... 2( 0167 | 0.146 | 0.140 | 0.135 .86 | 1.60| 1.46| 1.42 1L1 1.0 | 10.4 10.5

Winter wheat 2| 14| 128 .14 .106| 1.63| 1.31 1.10| 1.04| 10.6 | 10.2 9.6 9.8

OSe me e 2| .172| .156| .147| .145| 1.79| 1.58| 1.48| 1.44| 10.4| 10.1 10.1 9.9

.......................... J164 | L1431 .134 128 1.76| 150| 1.35| 1.30| 10.7{ 10.5 10.1 10.2
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CONTINUOUS SMALL GRAIN PLOWED 1 YEAR, DISKED 2 YEARS

573 . A-C...._. ‘Winter wheat_____________________ 31 0.150 | 0.127 | 0.117 | 0.109 1.51 1.28 1.17 L1 10.1 10.1 10.0 10.2
678 .. A-C_.___. Oats... - 3 .159 .133 .120 L1156 1.69 1.29 1.22 L1 10.6 9.7 10.2 9.7
Average. . __|-ocooooooo ool - . 165 .130 .118 112 1.60 1.28 1.20 1.11 10.3 9.8 10.2 9.9
CONTINUOUS SMALL GRAIN—DISKED
571 .. Ao Winter wheat_____________________ 1] 0.170 | 0.156 [ 0.127 | 0.128 1.87 1.77 1.28 1.25 11.0 1.3 10.1 9.8
573 ____________ Ao . ats. - 1 .186 .160 . 142 .132 2.04 1.71 1.44 1.30 11.0 10.7 10.1 9.8
Average. || e .178 .158 .134 .130 ' 1.96 1.74 1.36 1.28 11.0 11.0 10.1 9.8
ALTERNATE SPRING SMALL GRAIN AND FALLOW
M. Spring wheat—fall-plowed, re- 21 0.162 | 0.096 | 0.106 | 0.090 1.62 0.92 10.0 10.2
plowed in sprlﬁf.
M. Spring wheat—fall-plowed__.._____ 2 .148 .098 . 092 .088 1.39 1.02 9.4 11.6
M. Spring wheat—plowed in May..__ 2 .161 . 097 .115 . 086 1.54 .01 9.6 10.6
M. Spring wheat—plowed in June____ 2 .158 .106 122 .003 1.45 1.00 9.2 10.8
M. Spring wheat—spring-plowed._____ 2 .140 .102 . 097 .088 1.46 .85 10.4 9.7
M. Oats—spring-plowed..__.__ 2 .142 .108 .103 . 089 1.48 .82 10. 4 9.2
M. Barley—spring-plowed 2 . 156 .113 .116 .097 1.67 .98 10.7 10.1
Average |- oo e .152 .102 .107 . 080 1. 52 101 | _._____ .93 10.0 10.3
ALTERNATE WINTER WHEAT AND FALLOW
M.C___.____. C-D...._. Winter wheat and fallow__________ 2| 0.140 | 0.119 | 0.104 | 0.100 1.49 1.08 1.43 0.93 10.6 9.1 13.8 9.3
CONTINUOUS ROW CROP
Corn—plowed ___..____.___ 2| 0.144 | 0.098 | 0.100 | 0.092 1.49 0.91 | _______ 0.85 10.3 9.3 |oaooo 9.2
Corn—E subsoiled, F list: 2 .145 .091 .092 . 081 1.47 .84 0.87 .76 10.1 9.2 9.5 9.4
............................................ 144 . 094 . 096 . 086 1. W87 . .80 10.3 9.3 | oo 9.3

See footnotes at end of table.
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TaBLE 34.—Nitrogen and carbon content and carbon/nitrogen ratio of soil from various rotations at Sheridan, Wyo., 1917 and 1947—Con.
ALTERNATE ROW CROP AND FALLOW

Nitrogen at— Carbon at— Ratlo of carbon to nitrogen at—
Num-
Rotation 1 Plots Crops and tillage treatments b?r tof 0 to 635 inches | 634 to 20 inches | 0 to 634 inches | 634 to 20 inches | 0 to 634 inches | 634 to 20 inches
plots B
1917 1947 1917 1947 1917 1947 1917 1947 1917 1947 1917 1947
Percent| Percent| Percent| Percent| Percent| Percent| Percent| Percent
M.Ca________ OC-D.._... Corn, fallow_ .. oo 2| 0.140 { 0.091 | 0.097 | 0.084 . 0.82 [-oooo 0.77 10. 4 [ 1 P 9.2
ALTERNATE ROW CROP AND FLAX
2] 0.156| 0.112( 0.118 | 0.106 1.64 1.14 1.28 1.14 10.5 10.2 10.8 10.8
2 141 .100 .107 . 096 1.41 .98 1.06 . 10.0 9.8 9.9 10.2
2 .145 111 .114 . 104 1.46 1.08 1.13 1.02 10.1 9.5 9.9 9.8
.148 .108 .113 .102 L50 L08 115 1.05 10.1 9.8 10.2 10.3
ALTERNATE ROW CROP (MANURED) AND FLAX
246 A-B_____. Corn, flax 2| 0.143| 0.202| 0.106 | 0.105 1.46 2.15 1.08 1.10 10.2 10.6 10.2 10.5
ALTERNATE SMALL GRAIN AND FLAX
247 . A-B______ Spring wheat, flax_. - 2| 0.167 | 0.134 | 0.114 | 0.109 1.83 1.36 1.19 1.18 11.0 10.1 10.4 10.8
248 A-B______ Oats, flax_ _____ - 2 . 164 J127 .120 .108 1.72 1.33 1.26 1.18 10.5 10.5 10.5 10.9
Average...._. — | .165 .130 117 .109 1.78 1.34 1.22 1.18 10.8 10.3 10.4 10.8
ROW CROP, SMALL GRAIN, SMALL GRAIN
3] 0.134| 0.102 | 0.101 . 094 1.356 0.95 1.00 0.88 10.1 9.3 9.9 9.4
3 . 153 .107 .1168 . 097 1. 56 1.09 1.20 101 10.2 10.2 10.3 10.4
3 .161 L1156 .122 .107 1.70 1.13 1.27 1.17 10.6 9.8 10. 4 10.9
3 . 147 .109 .112 .102 1.45 1.05 1.12 1.01 9.9 9.6 10.0 9.9
3 174 .124 121 .107 1.80 1.21 1.21 1.08 10.3 9.8 10.0 9.9

TYALTIADIEHY J0 "IdEA 'S ‘A ‘P9T1T NILETTING TVOINHOEL 9/



.......... 3 .168 .118 122 .107 1.68 118 1.25 1.10 10.0 10.0 10.2 10.3
3 .163 #1268 .129 .124 1.69 1.32 1.30 1.23 10. 4 10.5 10.1 9.9
3 .183 .136 .147 .130 1.90 1.39 1.46 1.33 10.4 10.2 9.9 10.2
3 .166 .122 .1056 .102 1.77 1.19 1.03 .99 10.7 9.8 9.8 9.7
3 .172 .133 .109 111 1.97 1.31 1.23 1.18 1.5 9.8 11.3 10.6
3 .186 .131 .125 112 1.93 1.36 1.30 1.20 10.4 10.4 10.4 10.7
3 175 .127 .127 .116 1.91 1.29 1.4 1.34 10.9 10.2 1.3 1.7
3 .158 .113 .113 .100 1.65 1.10 1.17 1.00 10.4 9.7 10. 4 10.0
3 .171 .129 .124 .101 1.86 1.28 (.- 1.02 10.9 9.9 10.1
Corn, barley, oa 3 .183 .123 122 .108 1.93 1.26 1.30 1,17 10.5 10.2 10.7 10.8
Corn, oats, barley...._. 3 .189 144 .146 .123 2.056 1.37 151 1.27 10.8 9.5 10.3 10.3
Corn, oats, spring wheat 3 .165 .123 .116 .103 1.72 1.23 1.24 1.09 10.4 10.0 10.7 10.6
8orgo, spring wheat, oats. 3 .159 . 116 .101 .097 1.67 1.15 1.18 1.03 10.5 9.9 1.7 10.6
...... - .167 .122 .120 .108 1.76 1.22 oo 112 10.5 10.0 10.4
ROW CROP, SMALL GRAIN, SMALL GRAIN (MANURED)
Corn (manured), oats, spring 3| 0.177 | 0.196 | 0.132 | 0.114 1.85 2.05 1.34 1.14 10.5 10.5 10.2 10.0
wheat.
Oon: (manured), spring wheat, 3 .191 .188 .131 .121 1.93 1.99 oo 127 10.1 10.6 [-coceeee 10.5
oats.
('Jorr‘!;1 spring, wheat (manured), 3 .154 .176 ,118 .112 1.57 1.90 121 1.17 10.2 10.8 10.3 10. 4
oats.
Corn, spring wheat, oats 3 .200 .198 .135 124 2.12 2.09 1.45 1.36 10.6 10.7 10.7 11.0
(manured).
Average - RN . .181 .189 .129 .118 1.87 2.01 | 1.24 10.3 10.6 10.5
FALLOW, SMALL GRAIN, SMALL GRAIN
[ S A-O___.__ Fallow, spring wheat, oats-..__.__ 3] 0.178 | 0.129 | 0.135| 0.118 1.98 1.32 1.46 1.33 11.0 10.2 10.8 1.5
83 A-C Fallow, oats, spring wheat...._... 3 .162 .121 .108 .097 1.72 1.14 | .95 10.6 9.4 |-coeee 9.8
Average || . 170 .125 .121 .107 1.84 1.23 |- 1.14 10.8 9.8 |ocoeeeee 10.7
ROW CROP, SMALL GRAIN, FALLOW, SMALL GRAIN
Corn, oats, fallow, spring wheat. .- 4| 0.156 | 0.124 | 0.108 | 0.098 1.58 1.17 1.10 1.02 10.1 9.4 10.2 10.4
Corn, spring wheat, fallow, oats..- 4 .1685 .118 .115 .103 1.80 ) ¥ b 1.02 10.9 [ ) [—— 9.9
Corn, oats, fallow, winter wheat...| 4 .155 . 120 .116 . 105 1.61 1.22 1.16 1.03 10. 4 10.2 10.0 9.8
Corn, winter wheat, fallow, oats.. 4| .152| .121| .120| .110| 1.57{ 1.25| 1.18| 1.09| 10.3| 10.3 9.8 9.9
........ .1567 .121 .115 .104 1.64 119 |-ceoooo|  LO4 10.4 'R 7 I— 10.0

See footnotes at end of table.
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TaBLE 34.—Nitrogen and carbon content and carbon/nitrogen ratio of soil from various rotations at Sheridan, Wyo., 1917 and 1947—Con.

ROW CROP, SMALL GRAIN, RYE (GREEN MANURE), SMALL GRAIN

Nitrogen at— Carbon at— Ratio of carbon to nitrogen at—
Num-
Rotation ! Plots Crops and tillage treatments b?r 1?[ 0 to 635 inches | 634 to 20 inches | 0 to 634 inches | 634 to 20 inches | 0 to 634 inches | 634 to 20 inches
plots
1917 1947 1917 1947 1917 1947 1917 1947 1917 1947 1917 1947
Percent| Percent| Percent| Percent| Percent| Percent| Percent| Percent,
142 . A-D___._. Corn, spring wheat, rye (green 4| 0.145| 0.110 | 0.110 { 0.100 1.47 1.01 oo 0.94 10.1 9.2 | _______ 9.4
manure), oats.
16 o A-D______ Cominoatsi‘ r;;e (green manure), 4 .139 111 .099 .091 1.40 1.06 0.99 .90 10.1 9.5 10.0 9.9
spring w .
14 . A-D______ Corn, wh):ntet tswheat, rye (green 4 .159 .130 .130 .127 1.72 1.34 1.32 1.28 10.8 10.3 10.2 10.1
manure), oats.
16 . A-D_____. Corn, oats, rye (green manure), 4 .165 . 136 .136 .126 1.76 1.42 1.36 1.25 1.07 10. 4 10.0 9.9
spting wheat. ’
Average . |- | .152 .122 .119 L1111 1.59 121 | . 1.09 10. 5 9.9 |.._____ 9.8
ROW CROW, SMALL GRAIN, LEGUME (GREEN MANURE), SMALL GRAIN
16 A-D______ Corn, spring wheat, peas (green 41 0.136 | 0.112| 0.107 | 0.100 1.37 0.98 1.08 0.94 10.1 8.8 10.1 9.4
manure), oats.
17l A-D___.__. Corninoai;si:l poi;as (green manure), 4 .153 .118 .112 . 103 1.56 1.10 1.17 1.07 10.2 9.3 10. 4 10.4
spring wheat.
1163 __________ A-D_._.__ Corn, wh;nter wheat, peas (green 4 . 164 .130 .126 .116 1.76 129 | ... 1.10 10.7 9.9 oo 9.5
manure), oats.
17 . A-D__.___ Corn, oats’ peas (green manure), 4 .147 .120 .115 .105 1.50 1.16 1.10 1.01 10.2 9.7 9.6 9.6
winter wheat.
1312 __________ A-D______ Corn, winter wheat, sweetclover 4 .166 .128 .114 .108 1.72 1.26 |- ... 1.12 10. 4 9.8 | ... 10. 4
(green manure), oats.
1320 A-D______ Corn, oats, sweetclover (green ma- 4 .150 L122 .110 .104 1.56 1.19 1.15 1.07 10. 4 9.8 10.5 10.3
nure), winter wheat.
AVerage. .- |- .153 .122 .114 .106 1.58 1.16 ... 1.06 10.3 9.5 |- 9.9
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ROW CROP, SMALL GRAIN, FALLOW (MANURED), SMALL GRAIN

g | A-D._.___ Corn,edsgn'ingts wheat, fallow (ma- 4| 0.18 | 0.178 | 0.127 { 0.113 1.92 Lol | 1.14 10. 4 10.7 |-t 10.1
nured), oats.

[ A-D__.__. Corn, oats, fallow (manured), 4 . 166 .166 .110 .099 1.73 1.78 1.09 1.00 10. 4 10.8 9.9 10.1
spring wheat.

Average. .|| e .176 172 .119 . 106 1.8 1.85 |-ooooo 107 10.5 10.8 |--ooooo 10.1

SMALL GRAIN, FALLOW, FALLOW, FALLOW

5704 .. A-D...__. Spring wheat, fallow, fallow, fallow. 4] 0.148] 0.096| 0.114 | 0.084 1.52 1.02 1.20 0.90 10.3 10.6 10.5 10.7

ROW CROP, FLAX, SMALL GRAIN, FALLOW, SMALL GRAIN

-1 T, A-E_..... Corﬂ, ﬂtax, barley, fallow, winter 65| 0.190 [ 0.135| 0.135 | 0.117 2.05 139 141 1.23 10.8 10.3 10.4 10.5
wheat.

ROW CROP, SMALL GRAIN, SMALL GRAIN, GRASS, GRASS, GRASS

(=3

0.159 | 0.139 | 0.118 | 0.108 172 137 |-ceeeie 1.08 10.8 9.9 |-coooo- 10.0
- 6 . 165 .122 .119 .103 176 1.26 120 L12 10.7 10.3 10.1 10.9
........................................ .162 .131 .119 . 106 174 1.32 1.20 110 10.8 10.1 10.1 10.5

Corn, spring wheat, oats, 3 plots
B0,

ROW CROP, BMALL GRAIN, SMALL GRAIN, ALFALFA, ALFALFA, ALFALFA

........ 1.03 10.6 9.5 |--ooeeen 10.0

42-def3.__..__.| A-F_______ Cglrf.;i’l fspring whest, oats, 3 plots 6| 0.161 [ 0.132 ( 0.108 | 0.103 17 1.26
8. .

1 The symbol “MC.” means ‘“ Methods of cropping.”” The symbol “ MF.” means ‘“ Methods of fallow.” The abbreviation “def.” signifies ““deferred.”
3 The 1917 soils of these rotations were analyzed in Beltsville, Md., and the dry-combustion method was used for the determination of carbon. All the other soils were ana-
lyzed at Mandan, N. Dak., and the wet-combustion method was used for the determinations of carbons.
: gn 1931’2(115hnelsoi 9l:ilgots were changed to rotation II-258, which is a rotation of spring-plowed oats and winter wheat on disked oat stubble.
amp) A
& From 1917 to 1036 inclusive, these plots were in M. C. flax plots A to F. Rotation 41 (deferred) is similar to 42 (deferred) except that grass was used instead of alfalfa.
¢ In 1937 this rotation was changed from the standard rotation in which a given plot is in alfalfa for 3 years to the deferred type in which a plot is in alfalfa for 12 years.
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TaBLE 35.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under various rolations at Archer, Wyo., 1947
CONTINUOUS SMALL GRAIN

Nitrogen at— Carbon at— | Ratio of carbon
Num- to nitrogen at—

Year ber

Rotation ! Plots Crops and tillage treatments started of
plots | 0to6 |6to12 | 0to6 |6to12]| Oto6 | 6to12
inches | inches | inches | inches | inches | inches
M. G A-B_ . Winter wheat—plowea..._ e cccmmm—m——— 1913 2| 0.088 | 0.079 0.84 0.72 9.5 9.1
M. C -| E-F. ‘Winter wheat—E subsoiled, F listed : 2 .097 .089 .90 .78 9.3 8.8
M. Comcmeeeee e A-B_ . Spring wheat—plowed. ... - 2 .086 . 092 .90 .87 10.5 9.5
M. Coecemeeeeees A-B_ ... Oats—plowed. 2 . 094 . 094 .86 .84 9.1 8.9
M.C A-B__ Barley—plowed 2 . 086 .088 .84 82 9.8 9.3
Average. —_—- . . 090 . 089 .87 .81 9.7 9.1

ALTERNATE SMALL GRAIN AND FALLOW

M. Commeceeaeee [0 b I Winter wheat, fallow . _ ..o cmcceema——een 1913 2| 0.082 | 0.088 0.80 0.74 9.8 8.4
M. C C-D.. Spring wheat, fallow__.._ 1913 2 .082 .081 .78 .73 9.5 9.0
M., Comceeeee C-Doemceaaet Oats, fallow. .o oooaen - 1913 2 . 082 . 087 .76 .74 9.3 8.6
M.C C-Doaees Barley, falloW .o e mme——eeeoeee 1913 2 .079 . 081 .72 .74 9.1 9.1
................ 081 .084 76 74 9.4 8.8
1923 2| 0.075 | 0.082 0.66 0.68 8.8 8.3
1913 2 . 068 .073 .60 .63 8.8 8.6
1913 2 .073 .079 .65 .7 8.9 9.0
AVerage. ocoeoo|occemccccecccmcmman|amamanaaa- eeeesmmescesssecesesesemescasemececassssesenss|-racccan|oaancace .072 .078 .64 .67 8.9 8.6
2| 0.075 [ 0.080 0.61 0.64 8.1 8.0
C-D. 1913 2 .070 .078 .68 .70 9.7 9.0
- ] ORI, FPUPRIION BRI .072 .079 .64 .67 8.9 8.5
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ROW CROP, SMALL GRAIN, SMALL GRAIN

2.. A-C. Corn, spring wheat, oats. 1913 3| 0.077 | 0.083 0.76 0.78 9.9 9.4
3.-. A-C__. do__ 1913 3 .0868 . 089 .80 .75 9.3 8.4
7 A-C. Corn, oats, barley. 1913 3 .074 . 080 .73 .76 9.9 9.6
9 A-C_. Corn, oats, spring wheat_ 1913 3 . 084 086 .81 .80 9.6 9.3
Average. s .080 . 084 .78 .78 9.7 9.2
ROW CROP—MANURED, SMALL GRAIN, SMALL GRAIN
68. A-O. Corn (manured), spring wheat, oats 1913 3] 0.009 | 0.091 0.97 0.81 9.8 8.9
FALLOW, SMALL GRAIN, SMALL GRAIN
8 4 ACeeeeeees Fallow, oats, spring wheat 1913 3] 0.083| 0.085 0.80 0.73 9.6 8.6
ROW CROP, SMALL GRAIN, RYE (GREEN MANURE), SMALL GRAIN
14 ... A-D._ Corn, spring wheat, rye (green manure), 08tS_ ... c-aooceoooo- 1913 41 0.08 | 0.085 0.80 0.76 9.4 8.9
ROW CROP, SMALL GRAIN, PEAS (GREEN MANURE), SMALL GRAIN
b J R, A-Doaes Corn, spring wheat, peas (green manure), 08tS. .. -cccceceeaee- 1913 - 4] 0.082 | 0.084 0.80 0.77 9.8 9.2
ROW CROP, SMALL GRAIN, FALLOW (MANURED), SMALL GRAIN
1. A-D._ Corn, spring wheat, fallow, oats [, 1913 4] 0.089 [ 0.088 0.92 0.81 10.3 9.2
72 .. --| A-D_ Corn, oats, fallow, spring wheat .. | 1913 4 .092 .088 .89 .78 9.7 8.9
Average ... R RSSO PRRURSS ISP PP .091 .088 .90 .80 10.0 9.0
ROW CROP, POTATOES, BEANS, SMALL GRAIN
728 oo A-D Corn, potatoes, beans, spring wheat - 31926 4| 0.072 | 0.079 0.68 0.66 9.4 8.4
See footnotes at end of table.
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TaBLE 35.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under uarious rotations at Archer, Wyo., 1947—Continued

ROW CROP (MANURED), POTATOES (MANURED), BEANS (MANURED), SMALL GRAIN (MANURED)

Nitrogen at— Carbon at— | Ratio of carbon
Num- to nitrogen at—
Year ber
Rotation ! Plots Crops and tillage treatments started of
plots | 0to6 [6to12| 0to6 |6to12| Oto6 | 6to12
inches | inches | inches | inches | inches | inches
1826 ___ A-D____ . Corn (manured), potatoes (manured), beans (manured), spring | 31926 4| 0.104 | 0.080 1.07 0.69 10.3 8.6
‘Wheat (manured).
1926 __________ A-D_ | L 31926 4 .100 . 089 1.02 .80 10.2 9.0
Average. .|l .102 . 084 1.04 .75 10.2 8.9
ROW CROP, SMALL GRAIN, SMALL GRAIN, GRASS, GRASS, GRASS
414 A-F__ Corn, spring wheat, oats, 3 plots grass_________________________ 1913 6] 0.08 | 0.088 0.82 0.80 9.6 9.3
ROW CROP, SMALL GRAIN, SMALL GRAIN, ALFALFA ALFALFA, ALFALFA
424 . A-F__ . Corn, spring wheat, oats, 3 plotsalfalfa________________________ 1913 6] 0.079 | 0.081 0.75 0.76 9.5 9.4
VIRGIN 80D
None | Native grasses .. 91 0.122 | 0.089 1.33 0.83 10.9 9.3

1 The symbol “M. C.”” means ‘“Methods of cropping.”
2 From 1913 to 1922, inclusive, the area occupied g

3 From 1912 to 1925, inclusive, the area upon whic

4 Changed to deferred type rotation in 1937.

the M. C.
these rotat:

corn (duplicated plots) was in M. C. flax

ions are located was used for variety tests 'alternating with fallow.
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TABLE 36.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under various rotations at Akron, Colo., 1947
CONTINUOUS SPRING SMALL GRAIN

Ratio of carbon
Num. Nitrogen at— Carbon at— to nitrogen at—
Rotation ! Plots Crops and tillage treatments Year ber
started of 0to6 |6to12 | O0to6 |6to12| 0to6 | 6to12
plots | inches | inches | inches | inches | inches | inches
Percent | Percent | Percent | Percent
Spring wheat—plowed. - . ... 1908 2| 0.092( 0.08 I I -
Oats—plowed.____._____ 1908 2 . 099 .
Barley—plowed. 1908 2 .100 . 090
............... -- RS FOSRRRN NP S | { L088 [ et
ALTERNATE SPRING SMALL GRAIN AND FALLOW
M.C .| C-D.. Spring wheat, fallow..___ e - 1908 2| 0080 | 0.076 |- o|oceooo oo
M.O___. .| C-D. Oats, fallow_______. 1908 2 . 090 .
M.OC C-D._. Barley, fallow.. 1908 2 . 094
Average .| | RSN FPUIIPIOH R . 088
ALTERNATE WINTER WHEAT AND FALLOW
2673__ A-B.__ ‘Winter wheat, fallow._._ - 1924 2| 0.079) 0.081 |.______. -
ALTERNATE WINTER WHEAT AND FALLOW (MANURED)
2682 L. A-B_ .. ‘Winter wheat on manured fallow. __.__________._____.__..____ 1924 2] 0.102 | 0.096 |- |-ooom oo
2693 .. A-B__ .. ‘Winter wheat (topdressed with e), fallow --| 1924 2 . 089 092 ||
Average. .| JEON SR .100 . 094 [N S

See footnotes at end of table.
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TABLE 36.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under various rotations at Akron, Colo., 1947—Continued

OONTINUOUS ROW CROP

Nitrogen at— Carbon at— | Ratio of carbon
Num- to nitrogen at—
Year ber
Rotation ! Plots Crops and tillage treatments started of
plots | 0to6 |6to12) 0to6 [6to12| Oto6 | 6to12
inches | inches | inches | inches | inches | inches
Percent | Percent | Percent | Percent
M. O A-B__ Corn—plowed. 1908 2| 0 0.070 0.64 0.62 9.6 8.9
M.O A-B__ Kafir—plowed._ - 1908 2 . 067 .072 .64 .66 9.6 9.2
M. O F__ Kafir—listed. . 1008 1 .070 .078 77 .68 11.0 8.7
M.Ca__ A-B_._ Sorgo—plowed 1922 2 .068 .074
M.C3__ Al e do___ 1922 1 .079 078 ||
Average..._.... - R . 069 .073 I [
ALTERNATE ROW CROP AND FALLOW
M.C C-D. Corn, fallow. __ 1908 2| 0.059 | 0.070 0. 55 0.58 9.3 8.3
ALTERNATE ROW CROP AND SMALL GRAIN
2523 A-B_ Corn, winter wheat 1924 2| 0.08 | 0.079
ALTERNATE ROW CROP (MANURED), AND SMALL GRAIN
251 3, A-B__ Corn (manured), winter wheat 1924 2| 0.107 | 0.085
ROW OROP, SMALL GRAIN, SMALL GRAIN
Corn, spring wheat, oats. --] 1608 3| 0.000 | 0.085 -
Corn, oats, spring wheat 1908 3 . 090 . 084
Corn, barley, oats_._____ 1908 3 .095 . 087
Average R I
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FALLOW, SMALL GRAIN, SMALL GRAIN

& A6 Fallow, onts, Spring wheat. oL IIIIIIIIIITIIIII Toos | 3| %08 | %O% [am | e | i e

Average........ . - . 086 V078 |l

ROW CROP, SMALL GRAIN, FALLOW, SMALL GRAIN
28, A-D Corn, oats, fallow, winter wheat. 1908 4| 0.085 | 0.080
ROW CROP, SMALL GRAIN, RYE (GREEN MANURE), SMALL GRAIN
51 A-D. Corn, barley, rye (green manure), winter wheat . cococeeoaoao 1908 4] 0.084 | 0.080 |-
ROW CROP, SMALL GRAIN, PEAS (GREEN MANURE), SMALL GRAIN
92.. A-D Corn, barley, peas (green manure), winter wheat.............. 1908 4] 0.090| 0.084 |________
VIRGIN 80D

None. Native grasses. 9 0.134 | 0.087 1.42 0.79 10.6 9.1

1 The symbol ““M. C.” means “ Methods of cropping.”
3 The land on which these rotations were located was continuously or alternately cropped and fallowed from 1908 to 1923, inclusive.
3 Sorgo plots were in milo from 1908 to 1921, inclusive,
41 mark (') on a capital letter means 1 replication of the M. C. plot designated by that letter.
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TaBLE 37.—Nitrogen and carbon content and carbon/nitrogen ratio ojr'béhe 0- to 7-inch depth of soil under various rotaiions at Colby, Kans.,
1916 and 1946

CONTINUOUS SMALL GRAIN

Nitrogen Carbon Ratio of carbon
Num- to nitrogen
Rotation ! Plots Crops and tillage treatments Year | berof
started | plots
1916 1946 1916 1946 1916 1946
Percent | Percent | Percent | Percent
Winterwheat______________________ . 1914 2 [ 0.159 0.12 2.08 1.28 13.1 10.7
Spring wheat. 1914 2 .110 .10 1.28 1.11 11.6 11.1
Oats.__. 1914 2 .122 .12 1.18 1.14 9.7 9.5
Barley-_ 1914 2 . 140 .12 1.47 1.18 10.5 9.8
................................................................................ .132 12 1.50 1.18 11.4 9.8
ALTERNATE SMALL GRAIN AND FALLOW
M.C ‘Winter wheat—spring-plowed. 1914 21 0.148 0.11 1.78 1.07 12.0 9.7
M.F Winter wheat—fall-plowed..__ 1914 2 167 W11 1.63 1.15 9.8 10.4
M. Fo | TR feeae do 1914 2 .165 12 1.76 1.20 10.7 10.0
M.F ‘Winter wheat—plowed in May - 1914 2 .168 .12 1.70 1.28 10.1 10.7
M.F Winter wheat—plowed in June.....___________________________ 1914 2 166 12 1.81 1.32 11.0 11.0
M. F Q. Winter wheat—fall-listed 1914 2 .161 .12 1.88 1.28 1.7 10.7
267 - e A ‘Winter wheat—spring-plowed._. .. ________ | ) N A .11 .| 1.00 9.1
M.C Spring wheat—spring-plowed.- 1914 2 .118 .10 1.35 1.04 11.4 10.4
M.C Oats—spring-plowed . ______ 1914 2 .116 .10 1.14 .98 9.8 9.8
M.C Barley—spring-plowed 1914 2 118 .10 1.12 .98 9.5 9.8
....................................................... 147 11 1.57 1.13 10.7 10.3
Corn—plowed. .. e 1914 2 0.08 |________ 0.68 |________ 8.5
Kafir—plowed.-_.. 1914 2] 0.114 .08 131 .78 11.5 9.8
Milo—plowed. . e 1914 2 . 1 I P ' I P, 8.8
...................................................... .08 | (70 I 9.4
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ALTERNATE ROW CROP AND FALLOW

Oorn, falloW e . 1914 b2 P 0.08 f________ 0.69 |.______ 8.6
-| Kafir, fallow..._ 1914 21 0.107 .08 1.18 .66 11.0 8.2
Milo, fallow_____________________ T 1914 2 | .08 |________ 68 |- 8.5
...... - e mcmmeee e R, W08 | 68 | 8.5
ROW CROP, SMALL GRAIN, SMALL GRAIN
Corn, barley, oats____________________________ 0.156 0.12 1.90 1,15 12.2
_| Corn, oats, barley_____ . 166 .12 1.84 1.23 11.9
Corn, oats, spring wheat .163 .1 2.07 1.15 13.5
Average________ | ___________ o [ . 155 .12 1.94 1.18 12.5

0. ﬂ 1.33 1.08 10.6

P § B P 102 ...

0.10 [________ 0.92 _______

09 | [ ) S F

10 o L2 L
1914 31 0.130 0.10 1.34 0.92 10.3 9.2
1914 3 .118 .09 1.18 .87 10.0 9.7
1914 3 .137 .11 121 .96 8. 8.7
................ .128 .10 1L24 .92 9.7 9.2

See footnote at end of table.
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TaBLE 37.—Nitrogen and carbon content and carbon/nitrogen ratio of the 0- to 7-inch depth of s0il under various rotations at Colby, Kans.,

1916 and 1946—Continued

FALLOW, SMALL GRAIN (TOPDRESSED WITH 3 TONS PER ACRE OF STRAW), ROW CROP

Nitrogen QCarbon Ratio of carbon
Num- to nitrogen
Rotation1 Plots Crops and tillage treatments Year | berof
started | plots
1916 1946 1916 1946 1916 1946
Percent | Percent | Percent | Percent
554... A-O... Fallow, winter wheat plus straw, milo 1914 3| 0.120 0.11 1.25 1.01 10.4 9.2
FALLOW, SMALL GRAIN, ROW CROP (3 TONS PER ACRE OF MANURE)
i1 R, A-O_ .. Fallow, winter wheat (toSdressed with manure), milo......__. 1914 3! 0.119 0.10 128 0.94 10.8 9.4
B567.__ A-O___ Fallow, winter wheat, milo (manured) .- - ococcccee_ 1914 3 .130 .10 1.33 .95 10.2 9.5
Average...._.__ .125 .10 10.4 4
FALLOW, SMALL GRAIN, ROW OROP (TOPDRESSED WITH 6 TONS PER ACRE OF MANURE)
A-C_. Fallow, winter wheat (manured), milo___._ ... 1914 3| 0.125 0.10 1.28 0.93 10.2 9.3
A-O_ ... Fallow, winter wheat, milo (manured). - - ccooocoeaaeooot 1914 3 .124 11 1.31 1.01 10.6 9.2
124 .10 1.30 .97 10.5 9.7
FALLOW, SMALL GRAIN, ROW OROP (TOP DRESSED WITH 9 TONS PER ACRE OF MANURE)
559.. A-O... ---| Fallow, winter wheat, milo (manured)..------cccococcoeeeeaan 1914 3| 0.139 0.11 1.37 1.08 9.9 9.8
FALLOW, SMALL GRAIN, ROW CROP (TOP DRESSED WITH 12 TONS PER ACRE OF MANURE)
560. .. A-O... Fallow, winter wheat, milo (manured)..------occccooooocoeo. 1914 3| 0.139 0.12 137 L11 9.9 9.2
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ROW CROP, ROW CROP, SMALL GRAIN, RYE (GREEN MANURE)

Milo, corn, winter wheat, rye (green manure) ... 1914 4| 0.130 0.09 1.60 0.86 12.3 9.6
Corn, milo, rye (green manure), winter wheat. ... 1914 4 .118 .10 1.43 .94 12.3 9.4
.123 .10 1.52 .90 12.4 9.0
ROW CROP, FALLOW, SMALL GRAIN, RYE (GREEN MANURE)
1600 L A-D_ .. Milo, fallow, winter wheat, rye (green manure) .. ____.._.____ 1914 4| 0.124 0.09 133 0.88 10.7 9.8
ROW CROP, FALLOW, SMALL GRAIN, PEAS (GREEN MANURE)
164 -l A-D__ Milo, fallow, winter wheat, peas (green manure) ... 1914 41 0.143 0.10 1.64 0.93 1.5 9.3
ROW CROP, FALLOW, SMALL GRAIN, FALLOW
185 e A-D__ . Milo, fallow, winter wheat, fallow .- - - oo 1914 4| 0.138 0.10 1.56 0.98 11.3 9.8
ROW CROP, FALLOW, SMALL GRAIN, FALLOW (10 TONS PER ACRE OF MANURE)
186 e A-Do_._____ Milo, fallow, winter wheat, fallow (manured)............_.___{..._____ 41 0.147 0.12 1.85 1.16 12.6 9.7
VIRGIN 80D
1] 0.182 0.18 2.00 2.06 11.0 11.4
[ I8 R L1683 oo 1L.80 |ecooo 11.1
‘Weighted aver-
age I ] [ 10 |ooooooo .165 | 183 11.1

1 The symbol “M. C.” means *“Methods of cropping.” The symbol “M. F.” means “Methods of fallow.”
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TaBLE 38.—Nitrogen and carbon content and carbon/nitrogen ratio of

the 0- to 7-inch depth
1916 and 1946 i

CONTINUOUS SMALL GRAIN

of soil under various rotations at Hays, Kans.,

Nitrogen Carbon Ratio of carbon
Year | Num- to nitrogen
Rotation ! Plots Crops and tillage treatments started b?r {)f
plots
1916 1946 1916 1946 1916 1946
Percent | Percent | Percent | Percent
Winter wheat—plowed 1906 2| 0.162 0.14 1.88 1.52 11.6 10.8
‘Winter wheat—E subsoiled, ¥ listed . .o ._._____ 1906 2 .166 .14 1.76 1. 42 11.2 10.1
‘Winter wheat—stubbled-in 1913 1 .168 .16 1.85 1.72 11.0 10.8
‘Winter wheat—plowed.._ 1916 1 . 167 .13 1.95 1.26 1.7 9.7
Winter wheat—alternately plowed and disked...._._. 1916 1 .167 .13 1.94 1.35 11.6 10.4
Winter wheat—plowed 1 year, disked 2 years... 1916 1 .172 .14 1.91 1.37 11.1 9.8
Winter wheat—plowed 1 year, disked 3 years.. 1916 1 .169 .14 1.91 1.38 11.3 9.9
‘Winter wheat—plowed 1 year, disked 4 years. 1916 1 .169 .15 1.96 1. 52 1.5 10.1
‘Winter wheat—plowed when Y .| 1916 1 .166 .15 1.89 1.4 11.4 9.6
Oats—plowed . 1906 2 .145 .13 1.78 1.33 12.3 10.2
Oats—E subsoiled, F listed 1906 2 .128 .12 1.48 1.16 11.6 9.7
Barley—plowed. 1906 2 .150 .14 1. 96 1.31 13.1 9.4
Barley— E subsoiled, F listed - 1906 2 .149 .12 1.82 1.24 12.2 10.3
e mm e mmmmmmmmmmmmmmmmm e | medmmn | . 156 .14 1.83 1.37 11.7 9.8
ALTERNATE SMALL GRAIN AND FALLOW
M. C ‘Winter wheat—plowed May 15 1906 2| 0.145 0.14 1.66 1.37 11. 4 9.8
M. F ‘Winter wheat—fall-plowed, replowed in spring._ ..o .—._ 1914 1 .149 .11 1.72 1.04 1.5 9.4
M. F Winter wheat—fall-plowed.___ 1914 1 .151 .12 1.81 1.06 12.0 8.8
M.F Winter wheat—plowed in May 1914 1 .1566 .14 1.87 1.34 12.1 9.6
M. F ‘Winter wheat—plowed in June. 1914 1 .164 .14 1.90 1. 40 11.6 10.0
M. F ‘Winter wheat—fall-listed _| 1914 1 .168 .13 1.97 1.28 11.7 9.8
M. C Oats—plowed May 15 1906 2 .120 11 1.28 1.06 10.7 9.6
M. C Barley—plowed May 15 1906 2 .120 .11 1.54 112 12.8 10.2
AVerage - -----u|--ea- PR USRS SRRSO NS, . 142 .12 1.66 1.20 1.7 10.0
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CONTINUOUS ROW CROP

2| 0.140 0.10 1.64 0. 94 1.7 9.4
2 . 162 .10 1.94 1.06 12.8 10.5
1 .144 .10 1.87 1.00 13.0 10.0
2 .144 .10 1.78 1.00 12.4 10.0
2 .160 .10 1.66 1.06 10. 4 10.6

1 .161 .10 1.66 1.08 10.3 10.
. 149 .10 1.76 1.02 11.8 10.2

ALTERNATE ROW CROP AND FALLOW
M.Co . C-Dooo_. Kafir, fallow. ... 1910 2| 0.142 0.08 1.72 0.86 12.1 10.8
M.Co__ .. C-D.____.__ Milo, fallow . L 1910 2 .150 .09 1.92 .90 12.8 10.0
Average. | | .146 .09 1.82 .88 12.5 9.8
ROW CROP, SMALL GRAIN
Corn—80-inch rows, winter wheat_.__________________________. 1015 2| 0.18 0.13 1.96 1.34 10.9 10.3
Kafir—80-inch rows, winter wheat_____________________________ 19156 2 .174 .12 1.81 1.14 10.4 9.5
Corn—40-inch rows, winter wheat..___________________________ 1916 2 172 .12 2.03 1.27 11.8 10.6
Kafir—40-inch rows, winter wheat. ... _______________ 19156 2 .168 .12 1.98 1.10 11.8 9.2
................................................................................ 174 .12 1.94 1.21 11.2 10.1
ROW CROP, SMALL GRAIN, SMALL GRAIN

Corn, spring wheat, oats_ __._._____._.___.____________________ 1806 31 0.143 0.11 1.58 1.12 11.0 10.2
- Corn, oats, spring Wheat____ ... __IIIIIIIIIIITTITNT 1906 3 .149 .13 1.69 1.34 11.3 10.3
Borgo, osts spring wheat_._______________________ . ______ 1906 3 .154 . 13 1.70 1.27 11.0 9.8
................................................................................ .149 .12 1. 1.24 11.1 10.3

See footnotes at end of table.
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TaBLB 38.—Nitrogen and carbon content and carbon/nitrogen ratio of the 0- to 7-inch depth of soil under various rolations at Hays, Kans.,

1916 and 1946—Continued

ROW CROP, FALLOW, SMALL GRAIN

Nitrogen Carbon Ratio of carbon
Year | Num- to nitrogen
Rotation ! Plots Orops and tillage treatments started b%r &f
plo
1916 1946 1946 1916 1946
Percent | Percent Percent
3] 0.134 0.10 0.97 9.8 9.7
3 .163 .12 1.16 10.6 9.7
3 .162 .11 1.13 11.0 10.3
3 .170 1 1.08 11.0 9.8
3 .171 11 1.07 10. 4 9.7
3 .168 11 1.08 10.5 9.8
.161 1 1.08 10.6 9.8
ROW CROP, FALLOW, SMALL GRAIN (3 TONS PER ACRE OF STRAW)
554 oo Kaflr, fallow, winter wheat (3 tons per acre of Straw)....-.---- 1913 3 0.170| 0.11 1.13 10.3 10.3
ROW CROP, FALLOW, SMALL GRAIN (3 TONS PER ACRE OF MANURE)
_| Kafir, fallow, winter wheat (3 tons per acre manure)........-- 1913 3| 0.174 0.12 1.14 10.2 9.5
Kafir (3 tons per acre of manure) fallow, winter wheat....._... 1913 3 174 .12 1.14 10.6 9.5
______ .174 .12 1.14 10.4 9.5
ROW CROP, FALLOW, SMALL GRAIN (6 TONS PER ACRE OF MANURE)
17 SR (. T © S Kaflr, fallow, winter wheat (6 tons per acre of manure). ... 1913 3| 0.179 0.11 1.18 11.0 10.7
858 oo A=Ceeo Kafir (6 tons per acre of manure), fallow, winter wheat....___- 1913 3 .177 .13 1.31 10.8 10.1
Average__._..._ RO (R, .178 .12 1. 10.9 10.3
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ROW CROP (9 TONS PER ACRE OF MANURE), FALLOW, SMALL GRAIN

R 1 A-Coaeceaeee Kafir (9 tons per acre of manure), fallow, winter wheat__...... 1913 3| 0.177 0.13 1,91 1.35 10.8 10. 4
ROW CROP (12 TONS PER ACRE OF{MANURE), FALLOW, SMALL GRAIN
560 A-Cocaaeceeee L Kafir (12 tons per acre of manure), fallow, winter wheat....... 1913 31 0.180 0.14 1.92 1.47 10.7 10. 5
ROW CROP, SMALL GRAIN, SMALL GRAIN, SMALL GRAIN
408, el A-Doceeceee Corn, barley, winter wheat, winter wheat......__..__.____._____ 1916 41 0.166 0.12 1.84 1.22 11.1 10.2
404 o A<D Kafir, barley, winter wheat, winter wheat_.....__.._..__.__.__ 1916 4 177 .13 2.04 1.38 1.5 10.6
Average e —————— S SPRRPUIOE PSP 172 .13 1.94 11.3 10.0
SMALL GRAIN, FALLOW, FALLOW, FALLOW
- A-Do L ‘Winter wheat, fallow, fallow, fallow.____ ... ... _.._.._. 1915 41 0.168 0.11 1,84 1.08 11.0 9.8
ROW[CROP, SMALL GRAIN, FALLOW, SMALL GRAIN
1 JC » Corn, barley, fallow, winter wheat. .- oooooooomoooo. 1906 4| 0.147| o012] 188 1.11{ 108 9.2
ROW CROP, SMALL GRAIN, RYE (GREEN MANURE), SMALL GRAIN
Corn, barley, rye (green manure), winter wheat. 1906 41 0.167 0.14 1.95 1.38 11.7 9.9
Corn, winter wheat, rye (green manure), barley. 1906 4 .162 .14 2.02 1.40 12.5 10.0
Kafir, barley, rye (green manure), winter wheat. 1906 4 . 157 .13 1.82 1.33 11.6 10.2
................................................................................ .162 .14 1.93 1.37 11.9 9.8
ROW CROP, SMALL GRAIN, PEAS (GREEN MANURE), SMALL GRAIN
Corn, winter wheat, peas (green manure), barley....._........ 1906 4] 0.152 0.13 1.68 1.26 11.0 9.7
Corn, barley, peas (green manure), winter wheat.. -l 1906 4 .162 .13 1.79 1,22 11.0 9.4
Kaoflr, barley, peas (green manure), winter wheat.. 1906 4 .185 .13 1.83 1.27 11.8 9.8
................................................................................ . 157 .13 1.77 1.26 11.3 9.6

8ee footnotes at end of table.
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TABLE 38.—Nitrogen and carbon content and carbon/nitrogen ratio of the O- to 7-inch depth of soil under various rotations at Hays, Kans.,

1916 and 1946—Continued

ALTERNATE SMALL GRAIN AND FALLOW 3

Nitrogen Carbon Ratio of carbo
Year | Num- to nitrogen
Rotation ! Plots Crops and tillage treatments started b(ir 1?‘
ots
v 1916 1946 1916 1946 1916 1946
Percent | Percent | Percent | Percent
Winter wheat—fall-plowed, replowed in spring________________ 1914 0.11 | .. 1.12 10.2
‘Winter wheat—fall-plowed._ . ..______________ 1014 A2 (o 1.20 10.0
‘Winter wheat—plowed in May._ 1914 A2 L 1.25 10. 4
‘Winter wheat—plowed in June. 1914 A3 | 1.32 10.2
Winter wheat—fall-listed.._.___________.______________________ 1914 R E: N . 1.26 ... 9.7
........................................................................................ A2 1.23 ... 10.2
SMALL GRAIN—STUBBLE BURNED 2
Continuous winter wheat—stubble burned .. ________________ 1919 1 0.14 | ______. 10.4
Continuous winter wheat—stubble burned in alternate years__| 1919 2 A3 o 10.9
Fallow, winter wheat, Wheat on burned stubble, wheat, wheat_| 1919 2 A2 10.3
........................................................................................ A3 | 10.3
SMALL GRAIN-STUBBLE NOT BURNED
Continuous winter wheat—stubbled-in________________________ 1919 1 0.14 | _.____. 11.2
Continuous winter wheat—stubbled-in in alternate years. 1919 2 A3 | 10.7
Fallow, winter wheat, wheat stubbled-in, wheat, wheat_._____ 1919 2 A2 10.2
........................................................................................ A3 | 10. 5
ROW CROP, FALLOW, SMALL GRAIN, SMALL GRAIN !
401 L A-Do. .. Kafir, fallow, winter wheat, winter wheat_.___________________ 1913 4 | 0.11 | 1.08 ... 9.8
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ROW CROP, ROW CROP, FALLOW, SMALL GRAIN ?

4020 e e A-D.o. . Kafir, kafir, fallow, winter wheat__ ... __.__________ 1913 4 0.10 .- 0.96 |- 9.6
ROW CROP, FALLOW, SMALL GRAIN $
0.11 ... . 9.8
P § B . 9.5
AL . 9.6
P § B . 9.5
B 5 N IR, . 9.6
A . 9.8
P § N P 1.14 | _______ 10. 4
J 1.08 |_______ 9.8
0.22 |________ 2.54 11.5
Fort Hays pasture_.._ -l 944 1
Virgingrid_._________ W22 . 2.47 11.2
‘Weighted aver- W22 . 2.47 |oooo_ 11.2
age.
None. . e Native grass. .. cicciacmicmcc e 1] . 0.20 [..____. 1.92 ..o 9.6

1 The symbol “M. C.’”’ means ‘‘ Methods of cropping.”
2 Plots and rotations not sampled prior to 1946.

The symbol ““M. F.” means ‘ Methods of fallow.”” The symbol C’’ means ‘‘ Continuous.”
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TaABLE 39.—Nitrogen and carbon content and carbon/nitrogen ratio of the 0- to 7-inch depth of soil under various rotations in the main field

at Garden City,
CONTINUOUS SMALL GRAINS

ans., 1916 and 1946

Nitrogen Carbon Ratio of carbon
Year | Num- to nitrogen
Rotation ! Plots Crops and tillage treatments started b(;r tost
plo
1016 ¥| 1046 1916 1946 1916 1946
Percent| Percent| Percent| Percent
.| Winter wheat—plowed._.._______._____ 1908 2| 0.110 0.10 1.48 0.90 13.3 9.0
‘Winter wheat—E subsoiled, F listed- .. 1908 2 .100 .09 1.14 .78 11.4 87
Oats—plowed. 1922 1 .004 .08 .96 .72 10.2 9.0
Barley—plowed 1922 1 .093 .09 1.07 .78 1.5 8.7
OSSR RUOIOUUIIOI IO PRSI FSR .101 .09 120 .81 1.9 9.0
ALTERNATE SMALL GRAIN AND FALLOW
M. Winter wheat—spring-plowed. ... ____________.___________._ 1908 2| 0.090 0.08 116 0.74 12.9 9.2
M. ‘Winter wheat—fall-plowed, replowed in spring. 1913 2 .083 .08 .84 .68 10.1 8.5
M, -| Winter wheat—fall-plowed.__._._._.______..___.._. 1913 2 .088 .08 .90 .72 10.2 9.0
M. F _| Winter wheat—plowed in May —- 1913 2 .096 .08 .99 .82 10.3 10.2
M. ‘Winter wheat—plowed in June._.__________________ ... 1913 2 .100 .09 114 .84 11.4 9.3
M. ‘Winter wheat—fall-listed - .- 1013 2 .002 .08 1.00 73 10.9 9.1
- . - - . 002 .08 1.00 75 10.9 9.4
CONTINUOUS ROW CROPS
M, Corn—plowed - 1908 2| 0.079 0.06 0.88 0.54 1.1 9.0
M, Corn—E subsoiled, F listed- 1908 2 .084 .08 .74 .57 8.8 9.5
M. Corn—lister-planted 1908 1 .083 .07 .73 .55 8.8 7.9
M. Kafir—plowed. ... 1908 2 .084 .08 L7 .62 9.2 10.3
M. Kafir—listed. ---| 1908 1 .091 .08 .88 .60 9.7 10.0
M. Mllo—plowed ..... 1908 2 .088 .07 1.08 .64 12.3 9.1
M. -| Milo—listed 1908 1 085 .07 .97 .64 11.4 9.1
8. Kafir. ae- —eeo| 1913 2 113 .08 1.46 .51 12.9 8.5
8. B 2,4 ] do e 1913 2 L124 .08 1.54 .60 12.4 10.0
8. Sorgo.. 1913 2 .123 .07 1.38 .59 1.2 8.4
..... - [ [ 097 07 1.08 58 1.1 8.3
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ALTERNATE ROW CROP AND FALLOW

Corn—spring-plowed

.............. _— 1908 2| 0.082 0.08 0.90 0.54 11.0 9.0
ROW CROP, ROW CROP, SUDAN

213... A-C... Kafir, milo Sudangrass.. .. .. ... 1916 3| o.110 0.08 1.12 0.756 10.2 9.4
ROW CROP, COWPEAS, SUDANGRASS

- O A-Coceeccceae . Kaflr, cowpeas, Sudangrass. .. .- cocooccciccccciocan 3} 0.091| 0.07 0.99 0.62 10.9 8.9
ROW CROP, FALLOW, SMALL GRAIN

405 . A-Co_ Kafir, fallow, winter wheat____ . . . ... 1913 31 0.096 0.08 1.11 0.74 11.6 9.2

ROW CROP, FALLOW, SMALL GRAIN, SMALL GRAIN
324 A-Do . Kaflr, fallow, winter wheat, winter wheat 1913 4| 0.098 0.08 1.14 0.78 11.6 9.8
ROW CROP, FALLOW, SMALL GRAIN, SMALL GRAIN, RYE (GREEN MANURE)

Kaflr, fallow, winter wheat, winter wheat, rye (green manure).| 1913 51 0.099 0.09 1.06 0.71 10.6 7.9

Kafir, fallow, winter wheat, rye (green manure), winter wheat_| 1913 5 .108 .08 1.22 .76 11.3 9.5

..................................... .103 .08 1.14 .74 1.1 9.2

b P 0.09 0.70 7.8

2 .08 |- N7 F—— .- 8.4

) Y P W09 |cooaean P (i 8.4

........ .09 .70 7.8

See footnotes at end of table.

€6 STO0S SNIVId LVAYD NI SEONVHO NOgYVD ANV NEDOULIN



TABLE 39.—Nitrogen and carbon content and carbon/nitrogen ratio of the 0- to 7-inch depth of soil under various rotations in the main field
at Garden City, Kans., 1916 and 1946—Continued

ALTERNATE SMALL GRAIN AND FALLOW 3

Nitrogen Carbon Ratio of carbon

Year | Num- to nitrogen

Rotation ! Plots Crops and tillage treatments started bfir &f
plo
1916 1946 1916 1946 1918 1948
Percent | Percent | Percent | Percent
S Bl 34 Winter wheat. ... ______________ SRR RS 2 |oemeee 0.08 [..__._. 0.62 | ... 7.8
CONTINUOUS ROW CROP
S.B. . 56 . B2 i P 1913 2 I 0.07 |.-oooo 0.57 |ceeeee 8.1
ALTERNATE ROW CROP AND FALLOW (5§ TONS PER ACRE OF MANURE)?
208 - A-Boo Milo, fallow (5 tons per acre of manure) - ... ___.__.__.__ 1921 b2 P 0.07 |_______ 0.54 |coooo 7.7
302 e cececcaeeaas A-B_o . Milo (5 tons per acre of manure), fallow._..____________________ 1921 b2 —— .08 ..o .60 [oooo oo 7.5
AVOrage.a - oo oo o e c o e e me et e o e et e e | e mmemee e e 07 | I 1 A I 8.1
ROW CROP, COWPEAS?3
205 oo A-Booeos Milo, COWDeaS. ..o oo e 1921 2 0.07 ... 0.54 |—-oooo 7.7
ROW CROP (MANURED), COWPEAS?
1) A-B_ .. Milo (topdressed with manure), COWDEaS .. - oo oo_o_ 1921 2 I 0.07 }ooo.._. 0.62 Joooooo 8.9
FALLOW, WINTER WHEAT, WINTER WHEAT ON BURNED STUBBLE 3

121 A-Coo . Fallow, winter wheat, winter wheat on burned stubble_.__.._. 1921 [ 71 R 0.07 |-o—__ 0.65 |-coo__ 9.3
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FALLOW, WINTER WHEAT, WINTER WHEAT ON STUBBLE NOT BURNED 3,

.................. A-C._........_...| Fallow, winter wheat, winter wheat on stubble not burned-..| 1921 8 ceeees] 0,08 |oceo] 0.70 Jooooo.-.

VIRGIN SOD

L9—T908T¥

None.__.__._._....._. East fence line_.._| Native grass._ _ . ... oo 0.12 ... 113 |

L

I The symbol “M. C.” means ‘““Methods of cropping.” The symbol “M. F.” means ‘“Methods of fallow.”” The symbol “S. B.” means “‘Seedbed.”
2 These plots were in rotation from 1908 to 1921, inclusive.
3 Plots and rotations not sampled prior to 1946,
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TaBLE 40.—Nitrogen and carbon content and carbon/nitrogen ratio of the 0- to 7-inch depth of soil under various rotations in the annex at
Garden City, Kans., 1931 and 1946

CONTINUOUS SMALL GRAIN

Nitrogen Carbon Ratio of carbon
Year | Num- to nitrogen
Rotation ! Plots Crops and tillage treatments started b(ir of
plots
1931 1946 1931 1946 1931 1946
Percent| Percent| Percent| Percent
W inter wheat—stubble burned, plowed.__.____________________ 1931 1| 0.150 0.11 1. 56 1.08 10. 4 9.8
Winter wheat—sttbbled-in .__________________________________ 1931 1 .149 12 1.4 1.06 9.7 8.8
_| Winter wheat—listed ... ____ 1931 2 .137 11 1.4 1.07 10.5 9.7
_| Winter wheat—plowed ._______ . 1931 3 .134 .12 1.41 1.09 10. 5 9.1
Winter wheat—one-wayed - ... 1931 2 .133 .11 1.37 1.07 10.3 9.7
................................................................................ .138 .11 1.43 1.08 10.4 9.8
, ALTERNATE SMALL GRAIN AND FALLOW
By A-B . Winter wheat. .o 1931 2| 0.146 0.11 1.4 1.00 9.9 9.1
CONTINUOUS ROW CROP
(S0 S, S, Milo—listed .o e 1931 1| 0.141 0.10 1.4 0.90 10.2 9.0
SMALL GRAIN, RYE (GREEN MANURE)
PR T T 4 e ‘Winter wheat, rye (green manure) .- ___________________ 1931 1{ 0.146 0.11 1.48 1.03 10.1 9.4
. SMALL GRAIN, COWPEAS (GREEN MANURE)
SR T - P, | S, ‘Winter wheat, cowpeas (green manure) .. . ._._..______.__..___ 1931 11{ 0.145 0.11 1.50 0.98 10.3 8.9
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FALLOW, SMALL GRAIN, ROW CROP

8.8 -3 Fallow, winter wheat, milo e 1931 1| 0.136 | 0.10 1.34 0.87 9.9 8.7
FALLOW, SMALL GRAIN, SMALL GRAIN
567 e A-C_ . Fallow, winter wheat, winter wheat. ... _____ 1931 3] 0.142 0.11 1.45 1.01 10.2 9.2
FALLOW, SMALL GRAIN, SMALL GRAIN, SMALL GRAIN .
566 ................... A-D____ . Fallow, winter wheat, winter wheat, winter wheat____________ 1931 41 0.135 0.10 1.37 \' 0.97 10.1 9.7
. VIRGIN 80D
N. ) .| Native grass_ - MR PRSSRRIpU) PR B, 0,12 | 120 ... 10.0

1 The symbol ““S. 8.”” means *Soil studies.”” The symbol ‘‘S. B.” means ‘‘Seedbed.”

The symbol “N. P.”” means ‘‘ North pasture.”
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TABLE 41.—Nttrogen and carbon content and carbon/nitrogen ratio of soil under various rotations at Woodward, Okla., 1947
CONTINUOUS ROW CROP
Nitrogen at— Carbon at— | Ratlo of carbon
Num- to nitrogen at—
Rotation ! Plots Crops and tillage treatments Year | ber of
started | plots
0to6 | 6to12| Oto6 | 6to12| O0to6 [ 6to12
inches | inches | inches | inches | inches | inches
Percent| Percent| Percent| Percent
M. Corn—plowed . ___ e 1914 21 0.036 | 0.042 0.38 0.40 10.6 9.5
M. Milo—plowed 1914 2 .032 .042 .34 .40 10.6 9.5
MO | B2 | o o 1918 1 .026 .034 .25 .32 9.6 9.4
M. Kafir—plowed_.._____ 1914 2 .032 .044 .34 44 10.6 10.0
M. Broomcorn—plowed 1914 2 .028 .038 .30 .40 10.7 10.5
M. Sorgo—plowed - o 1914 2 .028 .038 .30 .37 10.7 9.7
................................................................................ .031 .040 .32 .39 10.3 9.8
CONTINUOUS ROW CROP (MANURED)
M.Coomoe . 4 Milo (manured) . __________________ ... 1918 1| 0.035| 0.038 0.40 0.37 11.4 9.7
M.Co . 1 A, Kaflr (manured)- .. 1918 1 .042 .046 .43 .49 10.2 10.6
A VeI - o | e e .038 .042 .42 .43 11.0 10.2
° ALTERNATE ROW CROP AND FALLOW

Corn, fallow . 1914 2] 0.028 | 0.034 0.26 0.32 9.3 9.4
, fallow________ 1914 2 .024 .031 .24 .29 10.0 9.4
teedo . 1918 2 . 025 .031 .26 .30 10.4 9.7
Kafir, fallow.________ 1914 2 .026 .034 .27 .31 10. 4 9.1
Broomcorn, fallow_ 1914 2 .028 . 034 .32 .35 11. 4 10.3
Sorgo, fallow.___________ . 1914 2 . 022 .030 .23 .29 10.4 9.7
........ - - JESSOEEERIIRURn) (VSN P I (] .032 .26 .31 10.0 9.7
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ROW CROP AND COWPEAS

285.. A-B_ Kafir, cowpeas. 1918 0.022 | 0.038 0.22 0.36 10.0 9.5
ROW OCROP AND COWPEAS (GREEN MANURE)
286 et A-B_ ... Kafir, cowpeas (green manure) 1918 0.028 | 0.034 0.29 0.34 10.4 10.0

1The bol “M. C.” means “Methods of cropping.”’
31 mark (/) on a capital letter means 1 replication of the M. C. plot designated by that letter.
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TaBLE 42.—Nitrogen content of soil under various rotations at Lawton, Okla., 1947

CONTINUOUS SMALL GRAIN—PLOWED OR LISTED

Nitrogen at—
Year Number
Rotation ! Plots Crops and tillage treatments started of
plots 0to6 6to12
inches inches
.

Percent Percent
261 A . ‘Winter wheat, 08t8_ oo - - 1919 1 0.080 0.086
[ R Winter wheat——plowed _____________________ R - 1923 2 .088 .090
8. L - 3,4 Winter wheat—3 deep-plowed, 4 subsoiled - 1923 2 . 080 .082
8.L 9 ‘Winter wheat—basin-listed e 1923 1 .074 .079
Average - R .082 .085

CONTINUOUS SMALL GRAIN—ALTERNATELY PLOWED AND DISKED
8. L. 5, 6. ‘Winter wheat____________ - —— 1923 2 0.080 0.080
262, 2643 .. A . ‘Winter wheat; oats or barley. . 1923 2 . 084 . 086
Average__.________ o e e m e mmmmmm e = [ m it s | oo .082 .083
CONTINUOUS SMALL GRAIN—DISKED
8.L.. [ T Winter wheat 1923 2 0.088 0.088
CONTINUOUS SMALL GRAIN—BASIN-LISTED (MANURED)
8.L 10 __| Winter wheat (manured) 1923 1 - 0.081 0.084
ALTERNATE SMALL GRAIN AND FALLOW
267 A Winter wheat, falloW_ e 1919 1 0.078 0.078
ALTERNATE SMALL GRAIN AND FALLOW (MANURED)

268, 269. A__. ‘Winter wheat, fallow (manured).__. - - 1919 2 0. 085 0.080
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CONTINUOUS ROW CROP

M.Oo oot A-B___ Kafir—plowed____. 1916 2 0. 059 0.078
M.C.._. A-B___ Feterita—plowed. ..o oo___ 1916 2 .058 .080
Average. .- oo feccecaoaoao ——— ——- .058 .079
ALTERNATE ROW CROP AND FALLOW
Kafir, fallow._._._. - 1916 2 0. 062 0.080
Feterita, fallow._ e meeeaee 1916 2 .058 .084
Cotton, fallow._ - aeooeeae 1919 1 . 064 .079
___________ . 061 .081
ALTERNATE ROW CROP AND FALLOW (MANURED)
398,309 .- Ao Cotton, fallow (manured)......... - 1919 2 0. 064 0.075
- ALTERNATE SMALL GRAIN AND ROW CROP
2603 e meeeeeee A el Winter wheat, cotton._._..._. 1923 1 0. 081 0.084
ALTERNATE SMALL GRAIN AND COWPEAS
265, Ao ‘Winter wheat, cowpeas._ - oo 1919 1 0.080 0.091
ALTERNATE SMALL GRAIN AND COWPEAS (GREEN MANURE)
266. A .. Winter wheat, cowpeas (green manure).._.. — 1919 1 0. 082 0.086
ALTERNATE SMALL GRAIN (TOPDRESSED WITH MANURE), COWPEAS
864 e . . Winter wheat (topdressed with manure), COWDeaS. - - - - oo comcomoccaccaeae - 1919 1 0. 090 0.094
VIRGIN 80D
B[} 4 LSRR U, \ Native grasses. .o oo eeeeceeeae - - 9 0.154 0.103

1 The symbol ‘“M. C.” means ‘“Methods of cropping.”” The symbol ‘8. L.” means ‘‘Seedbed plots with winter wheat at Lawton.”

3 From 1919 to 1922, inclusive, rotation 262 was in alternate corn and wheat, and rotation 264 in alternate kafir and wheat.
3 From 1919 to 1922, inclusive, rotation 260 was a rotation of wheat, and corn and cowpeas in alternate rows.
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TABLE 43.—Nitrogen and carbon content and carbon/nitrogen ratio of the soil under various rotations at Dalhart, Tex., 1947

CONTINUOUS ROW CROP

Nitrogen at— Carbon at— | Ratio of carbon
Num- to nitrogen
Rotation 1 Plot Crops and tillage treatments Year | ber of
started [ plots
0 to 634|634 to 12 0 to 634(634 to 12| 0 to 634|634 to 12
3 inches | inches | inches ches | inches ches
Percent | Percent| Percent | Percent
Corn Esouth fleld)—plowed . .. 1908 2| 0.050 | 0.052 0.53 0.52 10.7 10.0
Corn (north fleld)—plowed.__ 1914 2 .037 .061 .38 .48 10.3 9.5
Kafir (south fleld)—plowed.-_ -| 1908 2 . 042 .048 .48 .48 11.3 10.2
Milo (south field)—plowed .- .. . 1908 2 .042 .052 .48 .52 11.2 10.2
................................................................................ .043 .051 .46 .50 10.9 10.0
ALTERNATE ROW CROP AND FALLOW
Corn, fallow—south fleld . _____________________________________ 1908 2| 0.046 | 0.051 0.48 0.48 10.5 9.4
Corn, fallow—north fleld-. . 1914 2 .037 .052 .34 .44 9.4 8.4
Kafir, fallow—south fleld.__ 1908 2 .038 .042 .42 .45 10.8 10.6
Milo, fallow—south fleld.__ ... ___________________ 1908 2 .041 .050 .44 .46 10.9 9.3
................................................................................ .040 . 049 .42 .46 10.4 9.4
ROW CROP, COWPEAS, SMALL GRAIN

< J R, A-Co Corn, cowpeas, winter rye—west fleld ... _____._._____________ 1914 31 0.046 | 0.047 0.45 0.45 9.9 9.5

ROW CROP (TOPDRESSED WITH MANURE), COWPEAS, SMALL GRAIN
L5 T A-Co. .. C%n%d(topdressed with manure), cowpeas, winter rye—west | 1914 3| 0.052| 0.049 0.54 0.49 10.4 10.0

eld.
VIRGIN S0OD

None..... - Native grasses. . - - - oo 9] 0.0867 | 0.059 0.72 0.60 10.9 10.2

1 The symbol “M. O.” means ‘““Methods of cropping.”
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TaBLE 44.—Nilrogen percentage of the soil under various fotah'ons at Big Spring, Tex., 1947

CONTINUOUS SMALL GRAIN

Nitrogen at—
Year Number of
Rotation ! Plots Crops and tillage treatments started plots

0to6 6to12

inches inches

Percent Percent
M. Ol A-B._ ... Winter wheat—plowed..__ - _—- 1916 2 0.051 0. 050

ALTERNATE SMALL GRAIN AND FALLOW
M.Co. C-D__.___..._.. ‘Winter wheat, fallow. 1916 2 0.060 0.054
CONTINUOUS SMALL CROP
M. Coeee A-B__ . Cotton—plowed._ .. . 1916 2 0.031 0.044
M.Co . A-B___ .. Milo—plowed..._....._...____ 1916 2 .033 . 046
Average..._._ - RN PR .032 . 045
ALTERNATE ROW CROP AND FALLOW
Cotton, falloW .. e 1916 2 0.030 0.043
Milo, fallow —- 1916 2 .037 .052
SRR PEOEIPRROU P .034 . 047
ROW CROP (TOPDRESSED WITH MANURE), COWPEAS
301 - A-B_ ... Milo topdressed with manure, cowpeas.....____. 1920 2 0. 084 0. 050
ROW CROP, COWPEAS, SMALL GRAIN
166 oo eees A-C._ . Milo, cowpeas, winter wheat._ - - 1919 3 0.042 0.044
See footnote at end of table.
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TaBLE 44.—Nitrogen percentage of the soil under various rotations at Big Spring, Texz., 1947—Continued
ROW CROP, FALLOW, FALLOW, FALLOW

Nitrogen at—
Year Number
Rotation 1 Plots Crops and tillage treatments started of

plots 0to6 6 to 12

inches inches

Percent Percent
(1, A-D._ .. | Milo, fallow, fallow, fallow_______________________ 1916 4 0.041 0. 046

VIRGIN SOD

None..___. Native grasses..... 9 0.060 0.050

1 The symbol “M. C.” means ‘“Methods of cropping.”
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TaBLE 45.—Percentage of total nitrogen in the 0- to 6-inch depth of soil from different cr«:jpping treatments at 9 locations in the Great Plains,

1960; and parts per million of nitrate-nitrogen produced by these soils

PREVIOUS CROP—ROW CROP

uring a 6-week incubation period

Total nitrogen and nitrate-nitrogen in soil at— Aver-

age at

Cropping and tillage treatment Boil nitrogen and unit 7 loca-

: Havre | Hunt- | Sheri- | Archer | Newell| North | Colby | Garden| Dal- | tions

ley dan Platte City hart
Total nitrogen (percent).__.._ 0.075 | 0.076 | 0.100 |._______ 0.101 | 0.074| 0.071 | 0.084 | 0.044 | 0.076
Continuously cropped. --..---—oooooomoommoeo {Nitrate-nitrogen (@.p.m)y...| 21.3| 10.7| 43| 41| 226| 16.1| 59.3| 11.3| 249
Do {’I‘otal nitrogen (percent).....__ 074 | .087 | .097 |- 00| .o72| .o67| .085| .o42| .o73
--------------------------------------------------- Nitrate-nitrogen (p. p.m.)....| 23.8| 10.2| 333 | _°7| ‘153| 21.7| 10.0| 28.2| 125| 20.3
' ‘ Total nitrogen (percent)....._ 070 | .086| :100 082 .o74| .063| .050| .043| o060
Alternately cropped and fallowed, cropped plot. ... {Nmate—nltrogen (. p.my_..| 23| 16.5| 4.6 13| 20.5| 14| 30.1| 40| 217
Total nitrogen (percent)....___ 073 | .084| .088 o .068| .07 | .o08| .07
Alternately cropped and fallowed, fallowed plot....____.. {Nitrate-nitrogen (p. p. m. u2| ‘78| 351 47 |00 99| 620| 10.3| 234
Total nitrogen (percent) ... .082| .009| .128 .102| .082| .o84| .088| .042| 085
Rotation of crops. - oo oo Nitrate-nitrogen (p. p.m)....| 33.7| 23.2| 40.4 18.4| 31L7| 37.9| 529| 18.4| 321
PREVIOUS CROP—SMALL GRAIN
Total nitrogen (percent).—..._ 0.088 | 0.088 | 0.112| 0.078 | 0.117| 0.096 | 0.119 | 0.098 | 0.036 | 0.004
Continuously cropped....--.---oocoooomoo {Nltrate-nitrogen (.p.m)y_ ]| 31| 19.2| 42.2| 46.2| 27.0| 36.4| 44.4| 86.5| 20.9| 389
D {’I‘otal nitrogen (percent). ... .092| .080| .10| .os1| .1u12| .000| .108| .087| .042| .0%0
0 oo Nitrate-nitrogen (p. p.m.).___| 28.3| 2L.3| 526 6521| 19.3| 31.0| 450| 441 23.0 33.4
Total nitrogen (percent) ... _ .083| .o78| .105| .o83| .106| .006| .o009| . 045 |  .086
Alternately cropped and fallowed, cropped plot...._._... {Nimm-nitrogen(:p?p. p.my_| 22| 71| 83| 4.1| 19| 3.8| 339| bL7| 28| 30.7
Total nitrogen (percent).....__ 001 | ".o78| .oo1| .o01| .088 |.._.__.. 100 | .082| .o048| 08¢
Alternately cropped and fallowed, fallowed plot.....____... {Nmate-nitrogenp&. D. 2y yool| 20.5) 87| 41| 478| 103|010 38.9| 66.5| 28.3| 33.0
Total nitrogen (percent)_...._ 08| .100| .118| .o70| .104| .o78| .090| .065| .042| .088
Rotation of €rops. .- oo {Nimte-nltmgen (.p.m)y__..| 323| 19.9| 30.7| 37.2| 198| 251| 347| 958| 20.8| 3v.8
VIRGIN SOD

Total nitrogen (percent).._ 0.121 | _______ 0.171 | 0.116 [10.166 |10.176 | 0.153 |-_______ 0.068 | 0.139
B T — {Nltmm-nlttogen (o.p.my .| 30.7 |- 73.6| 60.1| 149.3 | 158.8| 423 | . ... 25.5| 49.9

1 Average of 2 samples.
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TABLE 46.— Percentage of total nitrogen in 0- to 6-inch depth of soil from rotation plots at 4 locations in the Great Plains, 1950; and parts
per million of nitrate-nitrogen produced by the soil during a 6-week incubation period

MOCCASIN, MONT.

‘When previous crop was—

Rotation ! Crops ? and tillage treatments Row crop Small grain Native grasses

Total Nitrate- Total Nitrate- Total Nitrate-
nitrogen nitrogen nitrogen nitrogen nitrogen nitrogen

Percent P.p.m. Percent P.p. m. Percent P.p.m.
Corn, spring wheat - 0.210 33.3 0.204 36,8 |ccmoeoee o R
Corn, spring wheat, oats. . - .196 36.6 .191 35.4
Corn, oats, fallow, spring wheat 224 38.4 .219 39.1
68 s Corn (manured), spring wheat, oats_._____._________________.____________. .41 53.2 .225 49.0 (oo
15._. Corn, oats, rye (green manure), spring wheat___________._________________ . 206 42.5 .208 36.7
32.. - Corn, oats, sweet clover (green manure), spring wheat..__.________ . 204 47.1 .201 43.5
Corn, spring wheat, oats, 3 plots crested wheat____._______________________ . 242 853.3 . 228 4424 ||
Corn, spring wheat, oats, 3 plots alfalfa____ - .270 364.3 . 222 444.2 || .
‘Winter wheat, oats, rye (green manure) i - - . 180 38.1
‘Winter wheat, oats, rye (green manure) . _______________________________ foceo | . 196 40.3
Spring wheat, oats, fallow_______________ | e .192 29.6
Spring wheat, oats, fallow. . 202 34.9
Continuous corn or spring wheat________.___________________________.__.__ .179 43.2 . 226 53.0
..... do_ .. R .156 27,2 .194 39.5
Alternate corn or spring wheat and fallow__.______________________________ .136 22.3 .197 311

Alternate corn, or spring wheat and fallow..._.__ . _________________ .142 523.4 .192 335.8
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ARKON, COLO.

Corn, winter wheat .

Corn, spring wheat, oats_______.._________________

Corn, oats, fallow, winter wheat._ _

Corn-manured, winter wheat. . R

Corn, barley, rye (green manure), winter wheat ... ______________._________

Corn, barley, peas (green manure), winter wheat.

Corn, spring wheat, oats, 3 plots grass-....._.____

Corn, spring wheat, oats, 3 plots alfalfa.___

Spring wheat, oats, fallow

Spring wheat, oats, fallow —
Winter wheat, fallow (manured)._______.

0.077
. 087

32.0
32.9
45.7

32.8
20.6

426.0
427.2

Winter wheat, fallow (manured)..._____

Alternate corn or spring wheat and fallow_________________________________

Alternate corn or spring wheat and fallow.___

317

See footnotes at end of table.
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TABLE 46.—Percentage of total nitrogen in 0- to 6-inch depth of soil from rotation plots at 4 locations in the Great Plains, 1950; and parts
per million of nitrate-nitrogen produced by the soil during a 6-week incubation period—Continued

HAYS, KANS.

‘When previous crop was—

Rotation ! Crops ? and tillage treatments Row crop Small grain Native grasses
Total Nitrate- Total Nitrate- Total Nitrate-
nitrogen nitrogen nitrogen nitrogen nitrogen nitrogen
Percent P.p.m P.p.m
........................ 0.107
________________________ .100
0.107 5 3 2 I [
100 26,8 |-coe oo s
.083 28.7 .104
Corn, barley, fallow, winter wheat. - .104 24.3 117
_Corn, barley, winter wheat, winter wheat ... . 108 28.7 .110
i3 S Kafir (6 tons manure), fallow, winter wheat.....___________________________ .118 35.5 .108 .1 U PN F
560 oo . Kafir (12 tons manure), fallow, winter wheat ..____________________________ .147 39.1 .129 40,7 oo
928 oo Milo, barley, fallow, winter wheat . ... _____________________.___ .122 49.9 .115 F: (T A R I
518 ]l Q0 e e e e .119 54.0 .137 67.9 |-
410 Milo, tallow, winter wheat, 3 plots grass_..__________.____________________ .110 4533.8 .141 366.0 |ooooooo oo e
M42n__ . Milo, f&llow, winter wheat, 3 plotsalfalfa__.._______________________________ .110 4536.3 .128 339.9 ||
870 . ‘Winter wheat, fallow, fallow, fallow._ .- || . 100 49.8 | oo
670 oo Winter wheat, fallow, fallow, fallow ... |oiiiil|eimmiicaas .100 648.9 | o
M.Co . Contlnuous kaﬂr or spring wheat. . .094 27.0 .149
. - .084 3L.5 .136
M. Col A]wmate kafir or spring wheat and fallow - .076 28.1 .126
M. Co . Alternate kafir or spring wheat and fallow.____. I .089 825.5 .13 441 | |l
None_.. ..o Virgin 80d oo oo e e e 0.181 4.4
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BIG SPRING, TEX.

Milo, cowpeas.

———— 0.

Milo, cowpess.

Milo, cotton, cowpeas.

Milo, cotton, cowpeas.....

Milo, cowpeas, cotton, fallow__.._________._____

Milo, cowpeas, cotton, fallow. -
‘Winter wheat, winter wheat, cowpeas

‘Winter wheat, winter wheat, cowpeas.
Mﬂo, cotton, cowpeas (green manure).._.._ -

Milo, eotl;on, cowpeas (green manure)

Milo, cowpeas, cotton, fallow (manured) - . .050

Milo, cowpeas, cotton, fallow (manured) I . 041
570 .. Milo, fallow, fallow, fallow. .032
570 - o Milo, fallow, fallow, fallow - - e . 030
M. C. Oontinuous mllo, or winter wheat . _____ .. .023
M.Coo | .022
M. C. Alternate milo or winter wheat and fallow. . 025
M.C Alternate milo or winter wheat and fallow. N .025
M.C Contmuous cotton. ... - - . 024
M.Co |l .026
M.C Altemate cotton ¢ and fallow .028
M. C. Alternate cotton and fallow .028
None_. oo Virgin sod

1The symbol “M. C.” means “Methods of cropping.” Rotations which tend to
exert similar effects on soil nitrogen are grouped for comparison.

3 The underscored crop indicates the previous crop.

3 Plot most recently broken from sod.

4+ Plot farthest removed from sod.

8 Plots were in summer fallow prior to sampling,

¢ This rotation was in effect 1915-45. In 1946 the area was uniformly cropped to
milo, in 1947 fallowed, and in 1948-50 uniformly cropped so winter wheat.

7This rotation was In effect 1906-45. The ares was uniformly cropped to milo in

1946, fallowed in 1947, in winter wheat in 1948, and in milo 1949-50.

8 The rotation as shown has been in effect since 1946. From 1906-45, the rotation
'was corn, barley, cowpeas plowed-under for green manure, winter wheat.

¢ The rotatlon as shown has been in effect since 1946. From 1906-45, the rotation
was corn, barley, winter rye plowed-under for green manure, winter wheat.

10 Rotation of milo, fallow, winter wheat, and 12-year-old stands of buffalograss since
1?4& From 190640, the rotation was corn, winter wheat, oats, and 3-year-old stands
of brome;

11 8imilar to rotation 141 except that alfalfa was used instead of grass until 1949, at
which time a mixture of blue and side-oats grama replaced the alfalfa.
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TABLE 47.—Avérage precipitation, average actual yield per acre, and calculated
yteld per acre for the first and last years of period under different cropping treat-

ments at 6 stations

MANDAN, N. DAK. (1915-43)

Average Calculated yield 3
Crops and tillage treatments precipita- | Actual av-
tion! |erage yield ?
First year | Last year

Corn (grain): Inches Bushels Bushels Bushels
Continuous. ... ..._______ 15.31 27.7 34.7 25.2

ternate fallow___.._____ 30.71 29.2 37.9 26. 4
Rotation without manure. 16. 61 25.9 29.7 25.5
Rotation with manure 16. 61 24.8 30.6 21.4

Corn (stover): Pounds Pounds Pounds
Continuous. - - 15. 31 2,030 A 1,570
Alternate fallow. - . 30.71 1,990 2,790 1,470
Rotation without manure- 16. 61 1, 780 2, 080 1,620
Rotation with manure. .. __________ 16. 61 2, 780 2, 980 2,770

‘Wheat (grain): Bushels Bughels Bushels
Continuous_ 15.26 13.7 12.3 16.5
Alternate fallow_ - 30.65 20.9 18.6 24.5
Rotation without manure_...._.._.._._.__ 13. 96 15.2 17.6 15.3
Rotation with manure_ - 13.96 17.8 16.4 24.0

DICKINSON, N. DAK. (1908-47)

Corn (grain): Inches Bushels Bushels Bushels
Continuous. - — 15.98 19.1 30.6 21.2
Alternate fallow__ - 31.76 22.1 34.7 24.1
Rotation without manure.._.._. ... ______ 17.67 14.0 22.3 18.0
Rotation with manure_... . __________ 17. 67 16.5 23.6 23.2

Corn (stover): Pounds Pounds Pounds
Continuous. oo 15. 98 3,230 4,1 3,110
Alternate fallow ... _....____________ 31.76 3,530 4,010 3,620
Rotation without manure.._...__ . __.__________ 17.67 3,000 3,980 2,920
Rotation with manure_ ... __________ 17.67 4,150 4,910 4,740

Wheat (grain): Bushels Bushels Bushels
Continuous__..___ 15. 96 11.4 15.3 11.4
Alternate fallow o 31.79 19.8 23.3 19.1
Rotation without manure..... ... _________ 14. 27 13.5 18.4 12.5
Rotation with manure.. 14.27 17.7 21.3 20.2

HAVRE, MONT. (1917-47)

Corn (grain): Inches Bushels Bushels Bushels
Continuous_ - .o 11.68 12. 16.2 15.6
Alternate fallow e 23.60 18.3 23.2 24.3
Rotation without manure_._.______________________ 12.82 10.5 13.6 17.8
Rotation with manure_ . ________.________.________ 12.82 9.9 14.6 13.4

Corn (stover): Pounds Pounds Pounds
Continuous. . 11.68 2,080 3,010 1,250
Alternate fallow R 23.60 2, 590 3,510 2.910
Rotatior without manure - 12.82 1,910 2,460 1,450
Rotation with manure_ .. .______._____ 12.82 , 180 2,830 1,670

Wheat (grain): Bugshels Bushels Bushels
Continuous. 11.63 8.1 8.3 8.0
Alternate fallow________.__________ ... 23. 58 16.3 11.8 19.4
Rotation without manure. - - 10.48 11.9 12.5 10.9
Rotation with manure__ ... .______________________. 10.48 12.5 14.9 9.7

See footnotes at end of table.
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TABLE 47.—Average precipitation, average actual yield per acre, and calculated
yield per acre for the C{irst and last years of period under different cropping treat-
ments at 6 stations—Continued

SHERIDAN, WYO. (1918-47)

Average Calculated yield 3
Crops and tillage treatments precipita- | Actual av-
tion! lerage yleld 2|
First year | Last year

Corn (grain): Inches Bushels Bughels Bushels
Continuous._ - .o .. 16.21 16.9 30.3 10.6
Alternate fallow_____________ 32.28 19.3 29.2 15.0
Rotation without manure._. 16.98 14.5 25.8 7.5
Rotation with manure. .. ________ . ___._____ 16.98 14.2 4.2 7.9

Corn (stover): Pounds Pounds Pounds
Continuous._ - oo oo . 16.21 1,160 1, 810 620
Alternate fallow - B, 32.28 1,150 1,580 810
Rotation without manure__________________________ 16.9R 1,220 1,840 720
Rotation withmanure_ ________________.___________ 16.98 1, 560 2,140 1,110

Wheat (grain): Bushels Bughels Bugshels
Continuous . 18.21 12.6 16.6 10.2
Alternate fallow. 32. 26 4.4 25.3 4.2
Rotation withou L1 4 15. 44 17.9 20.4 17.8
Rotation with manure. .. 15.44 20.5 20.4 22.4

ARCHER, WYO. (1914-45)

Corn (grain): Inches Bushels Bushels Bushels
Continuous. - - oo ol 14. 48 13.6 19.8 11.4
A 28.95 15.7 18.6 15.8
17.63 13.0 19.3 11.6
17.63 113 15.1 11.7

Pounds Pounds Pounds

14.48 1,390 2,110

28.96 1,470 1,940 1,080
Rotation without manure_ 17.63 1,470 2,280 780
Rotation with manure. . ___________________.______ 17.63 1,490 2,100 960

‘Wheat (grain); Bushels Bushels Bushels
ContInuous._ - oo .. 14.51 7.7 10.2 5.9
Alternate fallow..._.._____ 29.13 13.1 13.1 13.7
Rotation without manure. 11.36 10.3 13.5 8.2
Rotation with manare. ... __________ 11.36 10.2 14.0 7.6

HAYS, KANB. (1916-46)

): Inches Bushels Bushels Bushels
Continuous. - oo .. 22.02 15.3 21.5 13.7
Alternate fallow._._____.___ 44,48 25.7 37.3 27.1
Rotation without manure._ 29.93 20.4 27.9 23.1
Rotation with manure. .. _____________ 29.93 20.8 4.5 26.3

Kafir (stover): Pounds Pounds Pounds
Continuous. - .o oo oo 22.02 3,940 5,210 2,610
Alternate fallow___._______ 44.48 5,780 7,130 4,180
Rotation without manure._ 29,93 4, 530 5,020 3,890
Rotation with manure..__ . . _____ ... ... 29.93 4, 800 4, 850 4,570

‘Wheat (grain): Bushels Bushels Bugshels
Continuous. . ccneoeo.oooo . 22,21 14.2 19.0 14.5
Alternate fallow.____......_ 44,71 4.1 27.0 22.2
Rotation without manure._ 36.76 22.0 24.6 22.5
Rotation with manure_ ... .. ... 36.76 19.9 23.8 17.5

1 Precipitation from harvesttime of one crop to harvesttime of next crop.
3 Years when hail damage occurrea were omitted.
3 Calculated from regression formulas.
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