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INTRODUCTION

In Miscellaneous Circular No. 81, the average yields
from about 25 plots, subjected to different methods of
soil preparation and crop sequence, were used as units
of measurement for studying the reiations between
crop yields and precipitation for each crop at each
station. There are many obvious advantages in this
method of using average yields rather than the yields
from individual plots. In some instances it was con-
sidered advisable to use the average of composite yields
from three different crops, winter wheat, spring wheat,
and oats, grown each year on about 75 plots at each
station. These methods of average and composite
yields have made possible the presentation of many
problems that can best be studied by regrouping the
individual plot yields in many different ways. It
now seems desirable, therefore, to present these basic
figures showing about 30,000 individual yields from 23
field stations.? :

t Died Nov. 14, 1930.
* The members of the scientific staff of the Office of Dry-Land Agricultare who have
participated in conducting these investigations in the fleld and in assembling the

40445° =3 ]———1i

It is believed, however, that before entering into a
detailed study of this mass of statistical matter the
reader’s attention should be called to the nature of the
problems of crop rotation and tillage methods in the

data In the Washiugton ofllce aro ns f(ollows: Jresent stuff —Washington, D, O.:
J. M. Stephens, 1i. I'. Chlleott, J. 8. Cole. Mandan, N. Duk.: itobert Wlison,
J. T. Sarvls, W. P. Balrd, J. C. Thysell, T. K. Eilland. Dickinson, N. Dak.: L.
Moomaw. Assinniboine, Mont.: Q. \V. Morgan. liuntley, Mont.: A. E. Seamans,
Belle Fourche, 8. Dak.: A. Osenbrug. Ardmore, 8. Dak.: O. R, Mathews, J. D,
Kelso. Sheridan, Wyo.: R, S. Towle. Archer, Wyo.: A. L. Nelson. North Platte,
Nebr.: L. L. Zook, II. E. Weakly. Akron, Colo.: J. F, Brandon. Colby, Kans.:
B. F. Barnes, Ilays, Kans.: A, L. lalisted, Garden Clly, Kans.: E. I[. Coles.
Woodward, Okla.: L. I, Locke. Dalhart, Tex.: 1. J. Clemtmer. Tuctumecari, N.
Mex.: D. R. Burnham. Lawton, Okla.: W. M. Oshorn. Big Bpring, Tex.: F. E.
Keating—27. Resigned or tranaferred to other offices.—Sylvester Balz, F. L. Kennard,
J. E. Payne, L. E, Hazen, C. A.Jensen, H. R. Reed, W. O. Whitcomb, C. H. Plath,
F. Knorr, R. W. Edwards, H. C. McKinstry, C. A. Burmeister, J. G. Lill, W. W,
Burr, J. H. Jacobson, O. J. Grace, M. Pfasnder, W. D. Griggs, J. E. Mundell, W, A.
Peterson, H. G. Smith, L. N. Jensen, A. J. Ogaard, C. B. Brown, L. D. Willey,
J. B. Kuska, C. H. Ruzicka, A. W. Schulz, W. E. Lyness, F. A. Wagner, F. E. Cobb,
P. V., Cardon, N. O. Henchel, J. W, McLane, O. A. Thompson, Clarence Harris,
U. G. Downey, and F. L. Kelso—38. Deceased.~—1. ]. Jensen, formerly at Moccasin,
Mont.—1. Total, 66.

The field investigations at Assinniboine and Moceasin, Mont.; Williston, Dick.
inson, and Edgeley, N. Dak.; Archer, Wyo.: North Platte, Nebr.; and Colby, Hays,
and Garden City, Kans., herein described were conducted cooperatively at fleld sta-
%i“f operated by the agricuitural experiment stations of the several States, respeo-

ively.

Al meteorological and soil-moisture investigations were conducted cooperatively
with the biophysical laboratory, Bureau of Plant Industry, L. J. Briggs, blo-
physicist, J. O. Belz, associate biophysicist. 5

The late Charles B. Davis rendered valuable assistance in editing the text and
arranging the tables and figures for publication.
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Great Plaing, aa they differ profoundly from those of
bumid regions.

Much has been written on the subject, but in most
instances the authors have dealt with the problems of
crop rotations in regions where the soil and climatic
conditions are very different from those existing in the
Great Plains area. Most of their investigations have
been conducted in regions of ample rainfall, where com-
mercial fertilizers, barnyard manure, and biennial and
perennial hay and forage crops are the important
factors in rotation systems. On the Great Plains none
of these factors are of major importance, but the con-
servation and utilization of the scanty rainfall is of
such predominant importance as completely to elimi-
nate some factors and to relegate all others to minor
positions. Such being the case, it becomes obvious
that the problems of crop rotations and tillage methods
on the Great Plains must be approached from a very
different standpoint and that very different methods of
analysis and interpretation must be developed.

Weir?® has digested and summarized some of the
most important investigations of crop rotation in Great
Britain and the United States and reaches the following
conclusions: 4

(1) Crop rotation is so important a farm practice, especially
in maintaining and increasing the yields of cereal crops, that its
effectiveness may often equal or even exceed the effectiveness of
the use of complete chemical fertilizer or farm manure.

(2) The conjoint effecta of crop rotation and the use of fertilizers
are additive, as effecting increases in crop yields.

(3) The relative efficiency of crop rotation is greater on soils
naturally supplied with lime or on soils whose reactions have
been altered or changed by liming than on soils that are acid in
character.

The soils of the Great Plains are ‘“naturally supplied
with lime.” The data in these pages contain evidence
of the reaction to farm manure on these soils. Such
meager evidence as is available concerning the effec-
tiveness of commercial fertilizers is inconclusive. How-
aver, if the time ever comes when these rich virgin soils
become so depleted as to respond to the application of
commercial {ertilizers, it may be tentatively assumed
that their effects with the rotations will be additiv
and that the relative effectiveness of the rotations an
tillage methods, as shown in the following pages, is a
safe index to the eflectiveness of more complex rota-
tions that may be elaborated from them on the same
general principles. If, on the other hand, it develops
that this assumption i1s not valid and that the effects
of fertilizers are not additive, the facts presented in the
following pages should provide a foundation upon which
to base further investigations.

CROP ROTATIONS AND TILLAGE METHODS

The systematic field investigations of crop rotations
conducted by the writer may be said to have begun in
the spring of 1897, at the South Dakota Agricultural
Experiment Station, where he was then agriculturist
and vice director. These investigations were described,
and results covering six years—1897 to 1902, inclusive—
were given in a publication issued in May, 1903.4

When the writer was called to Washineton in 1905
to take cnarge of the dry-land agriculture investiga-
tions of the United States Department of Agriculture,
he was in a position to profit by his past experience in
South Dakota, the resuit of which was that some funda-

1 Wem, W. W. A ATUDY OF TRF. VALUE OF CROP ROTATION IN RELATION 1O SOIL
rroDUCTIVITY. U 8. Dept. Aer. Bul. 1377, p. 67.  1u2n,

¢ CpitcotT, E, C. CROP RUTATION FOR S0UTH DAXOTA. B. Dak. Agr. Expt. Sta.
Bul. 79, 69 p., illus. 1903,

mental changes were mado in the general plans of the
investigations as they had been conducted at the South
Dakota station.

It was realized that the major factors in the prob-
lems of dry-land agriculture are as follows: (1) Crop
sequence; (2) time, method, and depth of tillage in the
preparation of the seed bed: (3) the cultivation of
summer-fallows and cultivated row crops; and (4) the
adaptation of varieties and strains of crops and of
implements and methods to the varying combinations
of soil, climatic, and economic conditions—particu-
larly cost of labor and market demands and prices—
throughout a vast area of fertile land where deficient
rainfall is an important factor.

In order to make this study of the basic problems of
crop rotation as simple as possible, it was decided to
begin with the consideration of 11 systems of crop
production, as follows: (1) Continuous cropping with
the same crop upon the same land every year; (2) alter-
nate cropping and summer-fallowing with the same
crop each alternate year; (3) two 3-year rotations in
which a summer-fallow occurs every third year; (4)
three rotations in which the corn stubble 1s disked
instead of being plowed in preparing it for the smali-
grain crop that is to follow; and (5) four rotations in
which the land is all plowed and all cropped every year,
but with the sequence of crops differing in each instance.

The field layout of plots used for that portion of the
investigations above mentioned may be briefly described
as follows:

Continuous cropping.—Two plots are used for each of the four
staple crops grown at each station. One of them is plowed about
8 inches deep in the fall, the other is plowed about 4 inches deep
in the spring. Otherwise they are both treated in the same man-
ner. The average of the two plots is used to represent the yields
under continuous cropping at each station for each crop.

Alternate fallowing.—Two plots are used for each of the staple
crops grown at each station. One of them is plowed about 8
inches deep as soon as practicable after the preceding crop is
harvested and is given sufficient cultivation with disks or harrows
to prevent any appreciable weed growth until the next erop is
sown—a period of about 11 months.* The other plot is seeded
in the spring in a good seed bed on the summer-faliowed land.

Rotation 1.—Three plots are used, as follows: Spring wheat
seeded on disked corn stubble; oats on early fall-plowed wheat
stubble; corn on early fall-plowed oat stubble.

Rotation £2.—The same crops in the same sequence are used as
in rotation 1, but the ground for each crop is spring plowed.

Rotation 3.—Identical with rotation 2 except that the plots are
all early fall plowed.

Rotation 4.—Identical with rotation 1 except that the oat crop
is seeded on the disked corn stubble and is followed by wheat and
that in turn by corn, both of the latter on early fall plowing.

Rotation 5.—Identical with rotation 1 except that summer-
fallow is substituted for the corn crop.

Rotation 6. —Identical with rotation 1 except that barley is
substituted for spring wheat.

Rotation 7.—Like rotation 6, wherein barley is substituted for
spring wheat, but in rotation 7 barley follows the oat crop, the
oat crop follows corn, and the ground is spring plowed for all
three crops.

Rotation 8. —Identical with rotation 5 except that in rotation
8 the oat crop is on the fallowed land and wheat follows oats.

Rotation 9.—Identical with rotation 2 except that the oat crop
follows corn in rotation 9 and wheat follows oats. All three
crops are grown on spring plowing. Rotation 9 is also identical
with rotation 7, except that in the latter barley is substituted for
spring wheat.

It will be seen that the 39 plots above described
afford an opportunity to establish the relative values of
the several factors indicated as the major ones in the
problems of dry-land agriculture, so far as spring wheat,
oats, barley, snd corn are concerned. It is true that

i Late spring or enrfy summer plowing has been substituted for enrly fall plowing
for summer-fallow at most of the stations, as it has been found that it reduces cost ant
usually increases yields.
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a number of other crops are of importance in the agri-
culture of the semiarid regions and that there are many
elaborations and modifications of crop sequences and
tillage methods that are not represented in this group
of 11 distinct systems ol crop production. A study of
these more complex problems has been provided for in
other rotations reported in these pages. But it is
helieved that an intensive study of these major factors,
as exemplified in the simple continuous cropping, alter-
nate cropping, and the nine 3-year rotations, with four
staple crops, will serve to bring about a better under-
standing of the basic principles underlying the theories
and the practices of crop rotations and tillage than
would result from an attempt to take up at this time
the more complex phases of the subject. When the
reader has mastered these relatively simple problems, he
will find an abundance of material in the accompanying
tables for studies of more complex ones.

THEORY AND PRACTICE OF CROP ROTATION

In order to study either the theory or the practice of
crop rotation, it is necessary to establish certain relative
values for the crops produced and for the cost of produc-
ing them. It is not necessary that these values be
mathematically exact provided the standards of meas-
urement are the same for all rotations, for interest
lies in the relative rather than the absolute values of
the different rotation and cropping systems. The
studies presented in Miscellaneous Circular No. 81
have shown that through a long period of years, on a
great variety of soils, and under a wide range of climatic
conditions certain definite relations exist in the Great
Plains area.

The relative yields and the costs of production of
spring wheat, oats, and corn are as follows: One bushel
of wheat is equivalent to 2 bushels of oats, or 1% bushels
of barley, or 200 pounds (total dry weight) of corn
grain and stover. These crops are therefore reduced
to equivalents of bushels of wheat by dividing the acre
yields of oats by 2, those of barley by 1}, and the total
weight of corn by 200.

The cost of the maintenance of a practical summer-
fallow is one-half the acre cost of producing a crop
of wheat, oats, or corn. These relative values are
therefore used in the following comparisons of crop
rotations.

As an example of one method of studying the theory
and practice of crop rotation and tillage methods based
upon these investigations covering 228 crop years, the
continuous-cropping series, the alternate-fallow series,
and rotations 1 to 9, inclusive, have been selected.
They include 33 crops and 6 fallows each year at each
of 16 field stations for an average period of 14 years,
a total of 8,892 plots. The rotations are simple 3-year
rotations, and they are so arranged as to facilitate the
comparison of different crop sequences and tillage
methods.

The five systems of farming under consideration in
this study are as follows: (1) Continuous cropping to
the same crop year after year; (2) alternate cropping
and summer-fallow for each of the three crops (herein
designated as “fallow’ or ‘““alternate fallow’’); (3) con-
tinuous cropping of all the land, but rotating the crops
so that the same crop is grown on the same land oniy
once in three years, as is done in roiations 1, 2,3, 4, and
9; (4) substituting a summer-fallow for the corn crop,
as is done in rotations 5 and 8; and (5) substituting a
barlt:{v crop for the wheat crop, as is done in rotations
6 and 7.

The first step is to reduce the four erops to a common
denominator or composite crop, which is done by divid-
ing the acre yields of oats (expressed in bushels) by 2,
the barley yields by 1%, and the corn yields (expressed in
pounds of dry weight of grain and stover) by 200. The
values thus obtained are added, and this sum divided
by the number of crops entering into each rotation,
which is 3 for the continuous cropping, for the alternate
fallow, and for all of the rotations except 5 and 8. The
divisor for rotations 5 and 8 is 2, as only two-thirds of
the land is cropped, one-third being fallowed.

Still another correction is necessary to make the
rotations comparable. The acre yields obtained by
dividing the sums of the yields by 3 in the case of the
alternate fallow are again divided by 1% to compensate
for the cost of the summer-fallow. This process may
be shortened by dividing the sum of the yields by

| 3X 1} =44, instead of by first dividing by 3 and then

by 1%4.

The sums of the yields for rotations 5 and 8, which
each contain a fallow, are divided, first by 2 as already
mentioned and then by 1% (or by the shorter method
divide the sum by 2X 1% =2}%). The yields for rotations
1, 4, and 6 are divided by 3+1.03% =2.9 to compensate
for the decreased cost of disking the corn stubble
instead of plowing it.

If the foregoing description is not fully understood,
perhaps the following statement will make it clear:

_ Assume that the entire tillable land of the farm con-
sists of 150 acres. Assume also that it costs $10 an
acre to raise each crop when there is no summer-fallow-
ing. When all the land is cropped every year, whether
by changing crops or by continuous cropping to the
;:;.n;gocrop or crops, the cost of cropping 150 acres is

When the system of alternate cropping and summer-
fallowing is practiced, 75 acres are in crop each year
and 75 acres are fallowed. The cost of tillage of the
cropped plots is’ $10X75=8§750, that of the fallow
plots $5X75=8375. The total cost, $1,125, divided by
75 gives $15 as the acre cost for the cropped land, or
one and one-half times as much per acre as under the
continuously cropped system.

In the case of the 1-year fallow in three years, as
practiced in rotations 5 and 8, where 100 acres are in
crops and 50 acres under fallow, the cost is $10X 100 =
$1,000, plus $5X50=$250, a total of $1,250. This
when divided by 100, gives $12.50 as the cost per acre,
which is one and one-fourth times the cost under rota-
tion or continuous cropping.

The main purpose of summer-fallowing is to increase
the yields of the crops which intervene between fallows
in any given rotation. It is immaterial whether the
increased yields are confined to the crop that follows
immediately after the fallow or whether it is distrib-
uted throughgut all the crops raised between fallows.
The cost of the fallow, therefore, should be prorated
between all the crops in the rotation cycle. In the 3-
year rotations now under consideration this prorating
is to the two intervening crops.

Unless the yields of these intervening crops are in-
creased over the yields which result from continuous
cropping in proportion as the cost of production is
increased, the introduction of the summer-fallow has
no economic justification. Alternate fallowing and
cropping will increase the cost of production per acre
at least 50 per cent. The yields obtained from land
that has been summer-fallowed the previous year
should therefore be correspondingly reduced before

/O/.)U
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comparing them with yields obtained from continuous | These rotations are all 3-year rotations. Spring wheat,
cropping. This is done by dividing them by 1%. | oats, and corn are grown on the continuously cropped

Where two crops intervene between fallows, the in- | plots, the alternately cropped piots, and in all rotations
creased cost of production is only 25 per cent. The |except 5 and 8 (in which a summer-fallow is substituted
method of prorating, therefore, is to divide the average | for the corn crop) and in 6 and 7 (in which barley is sub-
of the yields of these two crops by 1%. stituted for spring wheat). The land is all plowed cach

Table 19 ¢ gives the average yields of all of the crops | year for crops except for wheat in rotation 1, oats in
grown on the continuously cropped plots, on the alter- | rotation 4, and bariey in rotation 6, which are grown
nately fallowed plots, and of rotations 1 to 9, inclusive. | on disked corn stubble.

TAnLE 19.— Avcrage acre yields of spring wheat, ouls, corn, and barley at 16 ficld stations in the northern Great Platns area for nwmber of
years shown

[Arranged in geograpiiical orrier from north to zouth. The yiclds in column A (except in rotations 6 and 7) Indicato actiat average acre yiclds of specified crops, which in
column B are ontered as equivaients of busheis of spring wheat per acre. 1u rotations 6 and 7 barley was substituted for wheat|

Continu- n:i\ngel;l- Rotation | Rotation | Rotation | Rotation | Rotation | Rotation | Rotation | Rotation | Rotation
ous crop- 1 1 (total | 2(total | 3 (totsl | 4 (total | 5(total | 6 (totai 7 (total | 8 (total | 9 (total |_.. .
ping (to- (low (total} ° 5 +3) +3) +29) | <29 +2.9) 33 +214) +3) | Yield! Years
Field station and crop tal +3) | +49) aver-|aver-
age | aged
A BAIBABABABA‘B AlB| al|B A‘B A‘BAB
| —
B H i |
Williston: | | ‘
: Spring wheat......... bushels..|..... 10.80f..... i18.60l..-._|14.10. . __. 14.60.....[13. 117.301_._..|16. 40|#23. 80115, 87[+15. 3010 20} _ 13.601_.__. 15.20)
OBts. T do....|123. 60|11, 80{40. 60120 3030, 10(15. 05132 001 16. 00|29, 90(14. 9543. 0021, 50128 40114. 20{ 34. 1017, 05( 30, 5015 25|44, 50|22 40|39, 90{19, 95,
"Cora total. ----oonon pounds.. |4, 130{22. 16(6, 205(31. 03(3, 751{18. 75/4, 267|21. 33 16.3014, 48112241 (%) [--o 3,420117. 10{ 2,998)14. 99} (¥) ... 1, 234/21.17
.7 51.93 6121 ... 130, 60). ... 50.02]. .. a0.44l_____[36.00 __.. 56,42
25 17.31 |20 11|22 122470 17.2870000 348 T 14,400 18,81 18,07 1
10.60|...{10.00). . .. l 9.1 13. 40(e17. 3 u.ul-mij.ml ..... 7.20]. ... 990 ..o
9, 95/14. 10/ 7. 05(23. 50111, 75/16. 80( 8. 40| 18,00 9. 00| . 6027 50{13. 7, . :
13. 312, 61513 08[2, 63513 18] (Y |....... 2, 742(13. 71| 2, 925/14.
50. 28]..-..--[29. 061........|34. 06| __[30.13]_.._[34.03]._.__|2L. 80 ... 34. 24
..... FET NN [T OIS N ¥ N [ MO I OO 1911 o
12..... mgo] _____ 19.501 ..... 1830 1810 uno] ..... ‘20.80‘-22 15.27(+21.3 uao‘
5147, 1023, 5533, 00|16, 95130, 70|18, 3534, 20117, 1040, 30|20, 40i34. 20(17. 10| 34.00{17. 00| 38, 20{19. 1049,
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60|12 30{30. 60119, 90{26. 90}13. 45120, 10|14, 55(27. agim 034, 017 16/29.2{14. 60| 30.60/18. 30 32. 70116 33 .7
13. 9614, 47522, 3 14. 85(2, 742013, 71(2, 74113, 71| (%) |.... 2,814/14. 07| 2,930(14.85 (3) |..... 2, 769{13. 85 .
16,26 44.00|.__._[41.61] ... 44. 16 38. 1 42.97 |4|.m* 95 ... 40.95 . |....
14,67 _13.87, .82 07 1387272715l 18] 2T 166 14220

19.80)_.._. 17. 401 ... 1 801 ..... 120. 80|#28. 50/17. 00{»19. lO!l?.TB ..... .15. ... 14.40......
19. 60,32, 90116, 4537. 90{18. 22]33. 16.90{ 32. 70[16.35( 36. 50{18. 25/48. 20(22. 60I31. 60115

19. 163, 083{1. 423, 09115.461 () |.._.. 3,210(16. 05| 3,487/17.44) (%) |._.__|: , 320116 65/
1L.79..... 6217 153.82 .. 58.56..... 19.27 .___—_149. 21 37.70| 40. 4 48.42._ .. 38.30 .. 4685 ___
P ORTEOR NOOTE N N T MO NN T IO SO 17030270 16142200 15.32 222015 62
Mandan: l o ol | so‘ o
Spring wheat.._...... bushels..| ... 12.00...l19.90) .. 115,700 _ha.gol.... 4,40 __|12.80|... 19. 60|22 80/15. 201621, 10114.07|...__{14.60]_____|15. 60
OMr o oo o .- |20. 40013, 20{30. 60i24. 05128, 70114, 35:34. 50|17, 25(20. 10|14. 55(35_50{17. 60I30.00{15. 00{ 20, 7014, 8 30, £0I18. 30/47. 90|24, 95(35. 40{IR, 20
Corn total.oormooos pounds__ (1, 425!22 1315, 14025. 753, 011120, 0Gi4, 208/21. 413, 7051 18. 8313, 885/19.43) () |- 3,04419.720 4, 31621. 58} () |...__ 1. 16820, 54
S A 4733 ceee 7060050, L] 55, 10| ... 47.78] ... 500334, 60/ .. 49. 77 -oo- 53.98___.30. 55.. 5031 ____ 1 ...
AVErBEo- oo T 1578100 15.691.--27[17. 280227718, 402 1593222717, 2800 |13.84|22777C 171607 X — 15.82.2000 18111 10066]
Edgeley: [ I R | - I | s0) | | oj
L A0 8101600115, 801 1T 00 14 0010001024, 2016, 13,020, 8013, 87114 2030, 00114.501 .| ..
12, 90139. 30]19. 65120, 30|14. 65130, 90|15, 45/31. 20(15. 60i33. 10116. 55135, 60{17. 30| 30, 20(15. 10| 34, 80117, 4038. 1018, 05(39, 00i15. 45
17. 3113, 30516. £3/3, 798/18. 99)4, 035/20. 28,3, 79718 993, 677/18.39) (%) ... 3, 710(18.85] 4,067120.34] (¥) |.__.. i3, B46{19, 23
ol fo.58.__{s05e| . lssa s sl jsmeai . las 7ol . 19.78 ... T T R - T I
02 NS U DO OO AT O 1 R | {1 N U8 v/ 1720000 129022 Chie 3 15088
| " i | |
13.20. ... |23 ... fisol. im0 ls.oa..... 6.10/. ....[23. 60{+36. 00[26. 00{+35. 20(23. 47|..___16.301.____|16.00
16. 40146, 60123 30133, 50117, 51134, 40/17. 2035, 80117. 90I37. 50/18. 75140, 80120. 40) 37. 60118:80| 416020 80I46. 7023. 35,38 19, 25
14. 8313, 307)16. 5412. 793(13. 07]2, 995{14. 98 2, 054(14. 772, 640013, 20| () | ... 3,050 (15 25 2,083)14.92 (%) | ... '2,981(14. 91
T e o I T 49. 48] _....[50.67|..... 4&&5‘ ..... m 53. 05| 59. 1 39.65....... 50.16|......|._.
, 14.81(.- 2|13 9927717, 08| 22716, 490002 16.897 16 870-2 22176012207 20,022 19.73| 77718 8622 1672 16767,
Belle Fourche: ‘ | 401 ‘
Soring wheat 13.500..... 15600 16. 101, .. __|22. 40(s27. 80{18. 53(+25. 60117.07)......._|17. 00l_____|15 20]
0371 Sutn 02 Xin 103 30119 6533 810,90 3540117 01 35 80N 00l G0 3075 0017,
)

L7. 574, 260621. 303, 562/17. 513, 232[10. 163, 633]18. 1713, 530017 631 (¥) |-_._ 3,75018. 79| 3, FTIE 4| () | 3, 578|17. 891
L YT O I 18,7208, 75|51 B0l 13. m' ..... 19.87)..._133.43'.____30.30(______ 55,02 . 3.7 43,30 0.0 ..
R ey N 1624|215 281 Z277)17 s T I 0| 2T e 021 DT nl e T 0 72T 1897|200 179012227017, 320 00 16,90 16,9417
o Barley was substituted {for wheat. b Fallow.

8 The rerint numbere of the tables aud figures of this supploaont are coutinuations of thosa In Miscellaneous Circular No. 81, issued In Febrary, 1927,



TasLe 19.~—:lverage acre ylelds of spring wheat, oats,

corn, and barley at 16 field slations in the northern Great Plains area for number of

years shown—Continued

i Srrunged in geographieal order from north to south. The yields in column A (except in rotations 8 and 7) indicato actunl average acre yields of specifiod crops, which in
columa B are entered as equivalents of bushels of spring whesat per acre. 1 rotations ¢ and 7 buriey wus substituted for wheat|

Continu- | _Altel- | poiation | Rotation | Rotation | Rotation | Rotation | Rotation | Rotation | Rotation | Rotat
3 . fon
‘;}};;'(‘,’g ,g;‘v“(l{,ﬁ, 1 (tzosal 2 (lg;.al 3 (Lgml 4 uzouu 5 (tz?uu 6 (:205?1 7(total | 8 (total | " 9(total viely
Y +2, + : +2.0) ; +2 +3, +2) + old| Years
I'ield station and crop whd) | +4)8) ) 3 29 T ) 0 9 | aver- | nver-
uge | aged
.\BABABA)BAB]ABABABABABAB
Ardmore:
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23700112 0:3. 00(18. 00|25, 00|12 05/22730(1 1. 15125, 80112 90125, 00|12, 523, 30|11, 5| 20. 10{13. 05| 26. 10{13. 05/30. 60
3, 706 18. 08}4, 323[21. 62[4, 076|20. 383, 35316, 01(4, 056120, 283, 802/10. 01 (3 |--... 3, 885(19. 43] 3, 814/10. 07| (%)
Total... 12.38 58.62 ... 16. 43 43. 08| 14,08}
Y N 14.13 13.03_.__. 18.01..... 14. sa] ...... 14.68(.._...
Archer: - - - ' l
Spring wheat. ..-bushels._|..... 8.50...... 13.40)... ... 12, w‘ ..... 1.10].. ... 9. 10. 22014, 104 9. 40 ...
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= Rarley was substituted for wheat, ®» Fallow.

The figures in the 11 double.columns of Table 19 (des-
ienated ““ A”’ and “B ") represent the acre yiclds for the
continuously cropped plots, for the alternately cropped
plots, and for each rotation from 1 to 9. The figures
representing the wheat yvields are entered directly in
the right-hand or B section of each pair of columns, ex-
cept those representing rotations 6 and 7 wherein bar-
ley is substituted for wheat. The figures representing
the oat, corn, and barley vields are entered in the left-
hand or A sections of the respective columns wherever
they are used in the rotation. These figures are then
each divided by the proper conversion factors, respec-
tively, for cach of the three crops—oats by 2, barley by
13, and corn total weight hy 200, which converts the
figures into equivalents of bushels of wheat per acre.
The quotients are entered in the B sections of their
respective columns under the wheat yields and added.
The totals in the colunins representing continuous crop-
ping and rotations 2, 3,7, and 9 are divided by 3, which
rives the nverage composite acre vield for each rotation.
The total in the alternately fallowed column is divided

by 3X1%=4%; the sums for rotations 5 and 8 are
divided by 2X 1% =2}; and the sums for rotations 1, 4,
and 6 are divided by 2.9, to compensate for the difference
in cost of production due to fallowing and disking, respec-
tively, as heretofore explained. The averages of the
composite yields shown for each of the 11 systems of
cropping in Table 19 can then be plotted foreach station
as has been done in Figure 68, and the relative net pro-
ductivity of the several systems, after allowing for the
increased cost peracreof thesystems into which summer-
fallowing has been introduced and the decreased cost
when disking is practiced, can be plainly seen.

It must be borne in mind that the values represented
in both Table 19 and Figure 68 are relative and not abso-
lute. The market prices of the crops raised and the cost
of labor involved in their production are constantly
Nluctuating, both absolutely and relatively. It is there-
fore obvious that no fixed value ean be established for
any of the factors involved. It is believed, however,
that this method of presenting the relative average re-
turns that may reasonably be expected from these re-
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spective systems of farming is as trustworthy as any
that has yet been devised. There are, however, other
ways of interpreting the facts represented by these
figures, and the reader is urged to make his own inter-
pretation. His conclusions may not be the same as
those here presented. If some better method than the
one used in these computations can be developed, it will
be welcomed by all truth-seeking investigators.

RESULTS AT 16 NORTHERN FIELD STATIONS
COMPARED

In studying the tables and figures which follow it
must be borne in mind that the lengths of the periods of
the investigations at the several stations differ. At
Sheridan and Scotts Bluff the period is only 9 years; at

S. DEPARTMENT OF AGRICULTURE

cither differences in length of period or adaptability «
crops. This matter is further considered on page 1
in connection with Table 24 and Figure 70, where it :
shown that comparisons between the relative values ¢
the rotations are not materially affected by these diffes
ences in yields at different field stations. These com
parisons are between the results from different rotation
at the same field station and are expressed in percent

ages of the mean yields obtained at the respective fiel
stations.

COMPARISON OF YIELDS OF OTHER CROPS EXPRESSED IN EQUIV.
LENT YIELDS OF BUSHELS OF WHEAT

In Table 19 the stations are arranged geographicall-
from north to south in conformity with the arrangemen
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FioUure 68.—Diagram iliustrating Table 20, See text under **Comparison of yields of other crops expressed in equivalent yiclds of wheat,”” page 8

Assinniboine, 10 vears; at Williston, 11 vears; at
Mandan, Archer, and Colby, 12 vears; at Ardinore, 13
years; at Huntley, 14 yvears; at Edgelev, 16 vears; at
Akron, 17 years; at Moccasin and Belle Fourche, 18
years; at Dickinson, North Platte, and Hays, 19 years;
as shown in the last column in Table 19.

It will also be noticed that there is a rather wide
range in the average rewurns jor the severul stations,
from 18.52 at Moceasin to 10.05 at Archer. This does
not necessarily mean that these figures represent the
difference in agricultural possibilities of the regions rep-
resented by the respective stations. 1t simply shows
the relndive adaptability of these particular crops to
the dilferent Joenlities.  As interest centers e Lhe reln-
tive rathersthan in the absolute vields, 1t has not been
considered desirable to attempt to weight the ligures for

in Miscellaneous Circular No. 81. The yield data fo
the continuously cropped plots are placed in the firs
figure column; next the alternately fallowed plots, an:
then the rotations 1 to 9 in their numerical order. Thi
is not the best arrangement for comparison. More
over, the composite yields from the different systems ¢
tillage are so scattered among other figures that wer
used in computing the coinposite yiel(i%, but have n
further significance, that it is dillicult to find then
Table 20. therefore, has been prepared, in which th
stations are arranged according to the magnitude of th
average yields—the highest vields at the top and th
lowest. nt the bottom of the table. The ayverno
shown in the right-haond column and near the hottom
Table 20 represent the snine values as those in 'nbl
19. It will be observed that the average returns show




by stations in the right-hand column of Table 20 range
from 18.52 hushels at the top to 10.05 bushels at the
bottom and that these same values arranged by systems
of tillage near the bottom range from 15.24 bushels at
the left to 12 28 at the right, with a grand average both
by stations and by systems of tillage of 13.98 bushels, as
sh:)iwn at the lower right-hand corner of both Tables 19
and 20.

Table 20, therefore, presents data arranged in con-
venient form for plotting and comparison. Figure 68
repriesents graphically the facts shown by the data in
Tabie 20.

It will be noticed by the yields shown by the data
at the bottom of Table 20 and by the line marked
“means’’ in Figure 68 that there is a reasonably regular
decrease in the yields for the dilferent systems or rota-
tions from left to right. It will also be observed that
the 11 systems fall into five rather distinet groups,
namely, (1) continuous cropping, (2) alternate fallow,
(3) summer-fallowing once in three years, (4) wheat,
oats, or barley sown on disked corn stubble in a 3-year
rotation, and (5) straight 3-year rotations of corn
oats, wheat, or barley sown on ground plowed every
year.

TasLe 20.—Composite acre yields of spring wheat, oais, barley, and corn at 16 field stations in the northern Great Plains area expressed in

equivalent yields of

bushels of wheat

[Arranged in order of magnitude of acre yields|

. : Continu- :
Field station Rotation | Rotation | Rotation | Rotation | Rotation | Rotation | Rotation ouS crop- Rotation |Alternate] Rotation Total | Average
4 8 1 7 2 9 3 ping 8 fallow 5
Bushels | Bushels | Bushels | Bushels | Bushels | Bushels | Buashels | Bushels | Bushels | Bushels | Bushels | Bushels | Bushels
M 20. 57 18. 04 20. 24 19. 42 2. 4 19.73 19.03 19.08 17.38 14.84 15. 16 203.73 18. 52
18, 42 18,97 17.88 17.90 15.05 16. 90 16.62 18. 24 17.32 15.28 1572 188. 30 16. 94
16. 57 20. 02 17.08 19.73 18.49 18.72 16. 89 14.81 15,88 13. 99 17.60 185, 76 16.87
17.25 17.18 17.28 17.98 18. 40 18.11 15.93 15,78 15 82 15.89 1384 183. 24 16. 68
16.97 17.03 18. 58 16. 14 19. 52 15. 82 16. 42 13.63 15.32 13,82 15,08 178.41 16,22
2111 17.25 16. 52 13.48 17.31 18. 81 14. 88 15.25 14. 40 15. 54 J2u 176.79 16.07
16. 63 17.17 17.43 17.20 17.18 18. 39 17.20 13.87 12. 90 11.02 13. 88 171. 12 15. 58
. 17.02 |  17.39 17.02 15. 40 15.60 14.73 14.77 13.73 1228 1.77 13.84 163, 55 14.87
Huntley.__.. 15.23 14.82 15.16 13.87 14.67 13.85 13.87 1209 15.18 1275 15, 24 156, 46 14.22
~North Platte 400l 14861 1801 | __14.68| 1285 13.92 [ __15.46 14.13 13.36 13.03 11.50 | 154.48 14,04 *

Scotts Bluil.... 1278 12.02 13.51 13.07 13.83 13. 51 1282717079 (7 0.2¢ | T10.24 (10,72 | U130 2371
kron. 11.00 12.20 11.78 1294 11. 40 10. 36 10. 48 10.89 8.18 10.08 8,34 117.63 10.69
11.73 1L 81 10.02 12.39 1L 35 10. 87 10.04 9.84 8.38 11.17 8.72 116.09 10. 85
11.18 13. 08 1). 39 10. 84 9.58 10.19 10. 50 9. 50 8.78 9.28 838 112 82 10.26
10.85 10.97 10. 61 11.62 1212 9.17 9.41 9. 96 8.5 10. 55 7.82 111, 58 10. 14
11.69 10.02 11.64 12. 56 12 12 10. 53 8.5 9, 55 7.40 8,07 8.36 110. 52 10.08
243.66 24277 4216 239. 32 27.9 220.03 222,50 208 44 200. 30 197. 12 106,42 | 2,450.69 |- oocno...
15.24 15.17 15. 14 14. 96 14.87 14.31 13.91 13.3 12. 52 12.32 1228 | 13.98
1 4 2 3 4 5 [] 7 8 9 10 )9 SR PR PR

Groups 1 and 2 nre already segregated in Tables 19
and 20, and Group 3 is represented by rotations 5 and 8.
These two rotations are exactly alike except that in
rotation 5 wheat follows summer-fallow and the oat
crop follows wheat, whereas in rotation 8 the oat crop
follows summer-fallow and wheat follows oats. As
shown in Table 20, they differed in average yields for
all stations and years by only 0.24 bushel. The aver-
age yields of these two rotations have been used for
Group 3, as shown in Tables 22 and 23.

Group 4 is represented by rotations 1, 4, and 6.
These three rotations are identical except that in
rotation 1 wheat is sown on disked corn stubble and the
oat crop follows wheat, in rotation 4 the oat crop
is sown on disked corn stubble and wheat follows oats,
and in rotation 6 barley is sown on disked corn stubble
and the oat crop follows barlev. Asshown by Tables 19
and 20, rotations 1 and 4 differed in average yield by
only 0.10 bushel, and rotation 6 yielded oniy 0.03 bushel
moro than rotation 1 and 0.07 bushel less thanrotation 4.
The average yiclds of these three rotations have heen
used for Group 4, as shown in Tables 22 and 23.

Group 5 is represented by rotations 2, 3, 7, and 9.
These four rotations are identical except that wheat
followed corn in rotations 2 and 3, barley followed
oats in rotation 7, and wheat followed oats in rotation
9. Rotations 2, 7, and 9 were spring plowed, but
rotation 3 was fall plowed. As shown by Tables 19
and 20, rotation 2 yieided 0.09 bushel less than rotation
7, rotation 9 yielded 0.56 bushel less than rotation 2,
and rotation 3 vieided 0.40 bushel less than rotation 9.
The average vields of these four rotations have been
used for Group 5, as shown in Tables 22 and 23.

A careful study of Tables 19, 20, and 21 and of Fig-
ures 68 and 69, Indicates that the somewhat crratic

differences in yields shown therein must be due to the
fact that the corn crop reacts very differently from the
wheat, oats, and barley cro(Fs, in response to differences
in soil, climate, tillage, and crop sequence.

It was therefore decided to reject the corn yields
and use only the yields from spring wheat, oats, and
barley in considering the relative efficiency of these five
groups. Further reasons for rejecting the corn yields
will be presented in connection with the description
of Tabzles 25 and 26 and Figure 71, which follows on
page 12.

RESULTS SHOWN BY REJECTING CORN YIELDS

Table 21 has been prepared in the same form as
Table 20, but the figures are different, owing to the
rejection of the corn yields. The general effect has
been to reduce the values, indicating that the assumed
relative value of the corn yields, as 200 pounds dry
weight of total crop, including grain and stover, was
too low. Ifor the particular combination of conditions
existing at these 16 stations, [or these 228 crop years,
with the relative frequency of occurrence of the corn
crop in the rotations, the ratio should have been 257
pounds of dry weight of the corn crop, instead of 200.
Neither of these fizures has any permanent value as
a conversion factor in reducing corn yields to equiva-
lents of bushels of wheat, as will be shown later.

There were 27 instances out of 176 where the values
were increased, 32 where they remained the same (in
rotations 5 and 8 where the corn crop did not enter
into the rotation), and 117 where they were reduced.
The net result was to reduce thegrand averagefrom 13.98
to 13.08, a reduction of 0.90 bushel of wheat equivalents,
s i3 scen in the lower right-hand corner of Tables 20
and 21, respectively,
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FIGurx 69.—Disgram illustrating Table 21 showing rotation groupings used in Tables 22 and 23. See text under *‘ Group comparisons of crop yields’’

TABLE 21.—Composile acre yields of spring wheat, oats, and barley at 16 field stations in the northern Greal Plains arca expresscid
equivalent yields of bushels of wheat

[Arranged In the same order as in Table 20 and comparable therewith, but with corn yields exciuded]

; .
I |
Lot L . . Continu-
Fleld station notgtwn | Rot:atlon I Rotx;tlon Rotation Rotgtion Rotgtion Rotgt.lon ous crop- Rotgtion Algeumte Rotet.lon Total | Averas
i i : low ]
| ! ping
Bushelr | Bu vheLn I Buahets Bushels | Bushels | Bushels | Bushels | Bushels | Bushels | Bushels | Bushels | Bushels | Bushe
Y 1) T L 1 10.27 16.( 16.65 i8.33 17. 68 17.60 15. 63 17.38 1415 15. 16 187.37 17
Tlella Foureha_ ... ... 18. 48 18, "2 h (»() 17. 49 14. 50 10. 40 15. 85 15. 108 17.32 15 82 15, 7. 1K3. 48 1h
Sheriddnn. . ... ... N 211 18.37 2214 17.% 17.03 17. 956 14. 80 15,80 15.47 17. 60 19711 7
Mandan. ... .. .oo..l. 15. 15,563 16, 10 17. 08 10. 90 14. 48 12 60 16 K2 14,05 I8 168, 73 |3
4 19. 20 15. 4% 19.70 15 10 16. 63 12. 50 10 32 1467 15, 08 178. 47 1
15.07 1273 15.30 17.63 14.13 11.80 14. 40 12.97 1224 163. 3 11
16. 31 15. 64 15. 63 14. 98 18. 30 1215 12 90 10. 92 13.88 160. 64 14
17,34 15. 58 15. 65 14. 90 . 14.95 11.88 12.28 11.59 13.84 162. 88 14
15.17 13. 48 14. 58 13. 55 13.95 1L15 15.18 11.67 15. 24 154. 64 14
13. 48 12 49 10. 83 11.20 13. 05 1. 70 13.36( 1233 ..11.50(__134.28(__ _ i°
T1752 1002 11758 1185 10088 7.70 |77 9.24 | T 9.05 10.72 114. 29 10
10. 54 12.06 10. 48 9.28 9.13 9.25 8.18 0.19 8.34 107.70 Iy
8.99 11.27 10.38 - 9.48 8.8 7.35 838 9.30 872 103. 79 9
9.49 10. 32 7.30 813 8.75 7.30 8.78 7.49 8.36 97.25 8
8.37 9. 8.63 8.98 7.08 7.85 880 860 7.82 9l 48 8
11.01 10.13 9.95 8.80 7.18 6.85 7.40 6.97 838 96. 68 g
226, 81 222,27 217.17 210. 49 206. 69 176.09 200. 30 185. 14 156.42 | 2,302.38 |...._..
14. 18 13. 89 13. 57 13.16 1292 11.00 12 52 11. 57 1228 |ooeooo. 1"
I




Tigure 69 represents graphically the data in Table
21, Tha different svstems of cropping are shown at

UL WU iotiad 1) WIlGULy VWD)

e
and barley at 16 field stations in the northern (ireatl Plains area

inlo five groups of rotations—Continued

tho top of the figure, indienting the crops and their
sequences, continuous cropping, alternate [allowing, the ! Cone Hntntlons
numbers of the rotations 1 to 9, and their proposed Fleldstation | linuons | 4icrnate Aver-
groupings into five groups as heretofore explained. (Group h|(Groun 2) Jandg |1.4,nds 230 | oee
It will be noted that there are two lines marked l (@roup 3 (Groun 4)(lroup 5)
“mean.” The heavy solid line is the mean of the data ;
used in Table 21 and the broken line is the mean of 1 |2 3 4 5 6 7
the data used in Table 20 and Figure 68. The interval i
between these two means represents the average differ- | Bushels | Duahets | Bushels Bughels | Bushels
ence of 0.90 bushel heretofore referred to. It will | pagetey............... Lo1215] 1002 .
be seen that these two means coincide in rotations 5 §
and 8 and show an extreme deviation in continuous Aversge........ T 26| e
cropping. :
An intensive study of Figures 68 and 69 would reveal | , 4more Dowss | ws
many other seemingly anomalous phenowmnena. In|™ 7777 [ ’
some instances they can be explained by local soil con- X :
.. . . ¥ A . Average......... , 1L.88 11, 59
ditions which limit the storage of soil moisture by :
reason of an impervious subsoil, such as is found at '
Moccasin, Edgeley, and to a somewhat less extent at | TU2HeF--r--moeceeer } nis| .67
Belle Fourche. At these stations but little response is |
usually shown to summer-fallow. There are, however, Average......... i AL18) e
many instances where it is impossible with our present |
lknowledge to account for the peculiar behavior of crops. | North Platte.........,  L.70| 1233
Refercnce will again be made to these problems after 1
presenting some other important phases of the subject. Aversge......... i 1L70] 123
TaBLE 22.—Reduction of the composile acre yields of wheal, oals, | Scotts Bluft___...____.| 770 9,05
and barley at 16 field stations in the northern Great Plains area
into five groups of rotlations Aversgo......... 770 v
[The average acre yields for ench group are expressed in equivalent yields of bushels
of wheat based on the data given in Table 21. The yieids {from continuous crop-
ping and aiternate fallow are the same as in Table 21] AKION. e 9.25 9.19
Rotations !
o | e st PO g AL TRRCT
Field station cropping |, Jallow 2,3.7, axe
(Group 2)| 5and 8 (1,4,and 6
(tiroup 1) (Group 3)|(Group 4) (d:’;::[?ﬂ) Assinniboine.......... 7.38 9.30
1 . 3 4 5 6 7 Averoge.........| 738 9.30
Fuhels - Prsher 7230 749
Mo0CESIR. o oeeeeocoemen 1563 1415 e
Average....._... 15631 1415 7. 85 860
Belle Fourche......... mas!L 1582 18 Average....._| T s
! 16.40
Average......... 15. 58 { 15.82 16.00 Archer. 6.85 607
i
Sheridan...--ce----o-- g0l 14 Average.. ... .. 6.85 8.97 7.88 10.34 9.02 8. 21
Average.o.......| 11801 1547] 187 0.5 Grand averaga.-.! 11.01 | 11.57 12.40 14.33 13.39 [ 1254
13.84 1553
Mandan..c....ceemeensy 12601 1495 ff 1882 158 Attention heretofore has been called to the very close
................... . agreement between the average yields of the several
Average......... _J2e0] 1495 48] 1s62] 616 1483 rotations that have been grouped together. It must,
) 15.08 | 1020 howover, bo constantly borne in mind that these aver-
Dickinson..ooeeveveees 120 ez |y 1892) LA ages alinost invariably represent very wide divergences
! i the individual yields at the different stations from
Aversge......... 12501 67 1820| 179 which these averages were obtained, as shown by
‘ 22| 1807 Figures 68 and 69. Keeping these facts in mind, it is
Willstoa. ... --eoeoeoe wsolwaerlh T 17.01 found that in order to arrive at any concrete general-
VO TN RIETY ™ Ry e ey ization concerning the relative efficiency of the different

systems of tillage and crop rotations, it will be
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FIGURE 70.—Diagram illustrating the relative efficiency of five tillage and rotation systems by
the percentages of the means for each of the five groups at 16 northiern (reat P'lains field sta-
tions. arranged in paws of high and low yielding stations. Percentages below the mean

(100) are shown along the left margin and those above the mean along the right margin

PLOCENTAGCE OF MEAN

necessary still further to concentrate the
available data. The manner of reduction of
the 11 different rotations and tillage meth-
odisi to five groups is indicated in Figures 69
and 70.

SIMPLIFYING GROUP COMPARISONS OF CROP YIELDS BY
CONCENTRATION INTO FEWER GROUPS

The figures in Table 22 are transferred from
Table 21. Columns 2 and 3 contain the same
figures as the columns with the same headings
in Table 21. Column 4, headed ¢ Rotations 5
and 8,” contains the same figures as the respec-
tive columns in Table 21, but the average of
these two quantities is used, and the footing
at the bottom is the average of the two foot-
ings in Tables 20 and 21, respectively. Col-
umns 5 and 6, headed ‘‘Rotations 1, 4, and 6”
and “Rotations 2, 3, 7, and 9,” are treated in
tho same manner as colunn 4. The average
of the footings at the bottom of columns 2-6
and the average of the averages in column 7
give the grand average of 12.54, which 1s 0.54
less than 13.08, as given in Table 21. 'This
difference is due to the averaging of the aver-
agesof 11 groups when concentrated into five

groups.

PERCENTAGE VALUES OF CROP-YIELD COMPARISONS

The average yields for the several stations
as they appearin column 7 of Table 22 are now
transferred to column 2 in Table 23, and in
the same line with these mean yields in col-
umns 3, 5, 7, 9, and 11 are placed the respec-
tive yields for each of the five groups, as
given in Table 22.

Each of these yields is then divided by the
mean yields for that station and the respec-
tive quotients placed in columns 4, 6, S, 10,
and 12 under the heading ‘‘Percentage of
mean.” These figures constitute the percent-
ages of the mean for all the five tillage systems
at each station, and their relative magnitudes
indicate the relative efficiency of each tillage
system for each station. The percentage
value of any given system at any station may
be compared with the percentage value of any
other system at any station irrespective of the
actual yields at any of tho stations.

In order to determine whether the relative
magnitude of the yields cxerted any influence
upon the relationships of different tillage meth-
ods and crop rotations as measured by the
respective percentage of their iean yields,
Table 23 is presented in two sections. The
upper section contains the figures for the eight
stations having the highest yields, and the
lower section contains those having the lowest
yields. Theaveragesaregiven for each station
and the grand averages for the entire table.
The percentages of the means are the significant
figures in this table, as they are the indexes of
the relative efficiency of the different systems
orrotations. These are presented graphically
in Figure 70.



TaBLE 23.—Composiie weighled acre yields of wheat, oals, and
barley, crpressed 1n equivalcnt yields of bushels of wheal, at 16
ficld stations in the northern Great Plains area, showing perceni-
nge of mean

'I'he stations are arranged In Lho same order as (n Tables 20, 21, and 22, hut thay sre

separated into two divisions, the upper containing the higher yieids and the lower
containing the lesser yields]

a a 3 Group 4, G{:up 5,
roup 1, roup 3, | rotations | rotations
continu- S::gn‘;f.f rotation |1, 4, and ¢/2, 3.7, and
ous erop- | o 5and 8 | (disked |9 (plowed
Mean| Piug (fallow) corn ] CO%II
ryiel?ls stubble) { stubble)
or 8l
Statlons o= (3 |2y 2|8 |2|s |2|s
tions [ B |g |2 |5 [Ble (2|5 (2 s
[2) 1> T-1 R (23 ob o Y &0y ” o
o (82| o 3§ o |32l @ S| o |32 g
2legl 2 |88| 2 82| 2|82 ¢ |58
5 (8% 5 (8% 5 BR| 5 BF 5|
P ] > | @ > =}
<& |<|& |24 | 2|8 <I|&
1 2 |3 (45|66 |7 |8 |9 10N i 12
Showing high yields: | Bu. | Bu. Bu. Bu. Bu, Bu.
Moceasin......... 16. 38)15. 63| 0.95|14. 15| 0, 86/16. 27|0. 99 {18.26!1. 11 (17.57| 1.07
Belle Fourche..... 16.45(15. 58] . 05]15.82! , 06|16. 52/1.00 118.27/1.J1 |16.06 .98
Sheridan..._...... 17.05(14. 801 ,87]15.47] .01/18.73| .98 119.50'1. 14 [18.74[ 1.10
Mandan. 14.8312.60| .85(14.95 1,01/14.83(1.00 |15.62/1.05 |16.16] 1.09
Dickinson 15, 43(12. 500 .81(14.67 ,95(15.20 .99 117.96{1.16 [16.81] 1.09
Williston .| 14.08I11. 80 .84“2.@ . 92113.32( .05 117.38(1.23 (14,05 1.00
Edgeley 13.64112.15| . 89{10. .80(13.30( .08 |16.08/1.18 (15.64! 1.15
Ardmore 13.84'11. 84 L8611, 59, 84'13.06| . 04 117.40(2.20 |15.27 1.10
Average___._.... 15.22)13.37|...... 13.821. ... 14.02|-.... BYA- 16.400- .o
I’creontuge of &Rl i
BN e eeenenioacacclonea | 881, . ‘ Lo, 08 t..... 1,18 ...t 1.08
Showing low ylelds: I | i ‘
Huntley .83111.67 .87(15.21(1,13 15.28(1. 14 [13.80} 1.03
North Platte. . 08112, 1.01/12.43(1.02 12, 81’1.03 11,890 .08
Scotts Blufl . .79 9.05 93| 9.98(1.02 [10.781.10 |11.31} 1. 16
Akron.... 51] 9.25] .07 9.:1‘81 .97| 8.26| .87 110.60]1.12 |10.24| 1.08
Assinniboi g .81} 9.301 1,03 8.55! .04 (10.13]1.12 | 6.92| 1.10
Hays....... . .86 7.40t .80| 8.57/1.01 {10.27]1.22 | 8.63| 1.02
Colby.nnmeaannae .85 .05( 8.60 1,04 8.16 .08 | 8.70|1.06 | 8.08 .u7
Archer............ | t.83] 6.97| .85 7.88/ .96 {10.34(1.26 | 9.02! 1.10
Avernge. 9.33|..--- 9. 88| 11,10 10.37.....
Percenlage l \ [
1nean .88..... . 95 R B L13 ... 1.08
Grand average: [ [ ] ! .
Yield...__...| 12.54{11.01 11571 .nue 12.40|.... 14.33]..... 13.39.....
Percentage
ol mean..-|cceuus|eaaa. 88aaaea| 93| .......... 1.145__... Lo07

RELATIVE EFFECTIVENESS OF ROTATIONS OR TILLAGE METHODS
AT HIGH-YIELDING AND LOW-YIELDING STATIONS

In order to make direct comparisons between those
stations that would be likely to show the greatest
differences, the stations have been plotted in pairs, as
shown in Ifigure 70, the station at the top of the upper
seetion of high yields, with that from the bottom of the
lower section of low yields; the second one from the top
of the upper section with the second one from the
bottom of the lower section, and so on for the eight
pairs. The differences in yields between the two
members of the pair, expressed in the equivalents of
bushels of wheat, are graphically shown in connection
with the station designations at the left of the figure.
The submeans for each section of Table 23 and for the
cntire table are shown graphically at the bottom of the
figure. The latter is repeated in broken lines for each
pair for more direct comparison. The figures at the
bottom are the footings of Table 23, showing, respec-
tivclly, the percentages and the yields for the entire
tuble.

It is an interesting fact, but probably of little
practical importance, that the four pairs having the

greater differences in yields hetween their two mem-
bers show a decidedly closer coincidence in percent-
ages than do the four pairs having the lesser dif-
lerences. 1t is also a rather peealinr circumstance
that the Sheridan-Iays pair having the closest coin-
cidence also have the greatest difference in yields, and
the Edgeley-North Platte pair, which show the greatest
discordance in percentages, differ in yields by only 1.45
bushels.

The important facts established by Figure 70 are
that it furnishes no evidence that the relative effective-
ness of rotations or tillage methods is influenced in any
way by the differences in magnitude of the crop yiclds
obtained at different stations and that if any such
influences existed these comparisons would have
revealed them. It, therefore, may be safely stated
that this percentage method provides an index to the
relative effectiveness as reliable as the data upon which
it is based.

It must be borne in mind that the conclusions
indicated in Table 23 and Figure 70 are based upon
the yields from 228 crop years involving more than
5,000 determinations of individual crop yields of spring
wheat, oats, and barley at 16 ficld stations for an
average period of 14% years, ranging from 9 to 19 years
at each station. This is a broad basis for a broad
generalization. Very few broad generalizations are
universally aﬁplicable. This one is no exception to the
rule. It 1s, however, based upon long-continued and
carefully interpreted experimentation and is believed
to be the safest general guide to rotation practices
throughout the northern Great Plains that has ever
been formulated, for the very obvious reason that it is
based upon vastly more reliable experimental data than
have ever before been brought together. A careful
study of Table 21 and Figure 69, and of the still more
detailed information contained in tables which follow
will be of great assistance to anyone desiring to solve
local problems of crop rotation and tillage methods,
which can be solved only in terms of particular farms
and particular farmers, being subject also to the local

soil, climatic, and economic conditions existing and
prospective at any given time and place.

RELATIONS OF THE CORN CROP TO ROTATIONS IN THE NORTHERN
GREAT PLAINS AREA

Corn (also known as Indian corn, or maize) is, and
probably long will continue to be, one of the most
important crops in the farming systems and crop
rotations in the Great Plains areca. The importance
of the corn crop is not due to its intrinsic value as a
cash crop, but rather to the beneficial influence that it
has upon the small-grain crops which follow it in the
rotations, and it is also one of the most dependable
crops grown in this region to provide winter feed for
livestock. In favorable years it often produces profit-
able yields of grain at many of the stations, and it
seldom fails to produce more or less stover or silage in
cven the most unfavorable years. The altitude is too
high, the season too short, and the annual rainfall too
low for corn cver to become the imajor crop, except

possibly in some few especially favored localities in the



12

Great Plains area. Nevertheless, it is believed, not
only from evidence furnished by these investigations,
but also from nearly a half century of experience and
observation in the northern Great Plains, that the
growing of corn and the raising of livestock should
occupy a prominent place in the farming systems of
that region. Such being the case, the growing of corn
should be given careful consideration in any study of
crop rotations.on the northern Great Plains, and it
secems that the corn yiclds should be included in
estimates of the relative efliciency of all rotations in
which it is used. But, as herctofore mentioned, there
seem to be serious difficulties in establishing a common
basis for estimating its relative value in any given
rotation. This is due largely to the fact that in many
instances the climatic conditions, and sometimes the
tillage methods, which are most favorable to spring
wheat, oats, and barley are unfavorable for the corn
crop, and vice versa.

There is still another reason why ‘“a good wheat
season is a poor corn season, and a good corn season a
poor wheat season.”” Not infrequently the small-grain
crops will be seriously damaged or completely destroyed
by unfavorable weather such as drought or hail during
May or June. This may be followed by favorable
weather during July, August, and September, and a
good corn crop may be harvested. But the most dis-
cordant thing about the corm crop is that it does not
respond to summer-fallowing to anywhere near the
extent that wheat, oats, and barley do. In fact, con-
tinuous cropping to corn not infrequently yields higher
than alternate {nllowing; and it is the rule rather than
the exception that the yields from corn grown con-
tinuously on the same land are higher than when grown
in rotations with small-grain crops.

In order to present still more impressively the very
erratic behavior of the corn crop, Tables 24, 25, and 26
have been developed from Table 19 in the same manner
and the same general form as Table 23. All values in
these tables are expressed in equivalents of bushels of
wheat per acre.

Table 24 includes with wheat, oats, and barley the
corn yields obtained by dividing the total dry weight
of corn grain and stover by 200, as in Tables 19 and
20. It also inciudes rotations 5 and 8, as does Table 23.

Table 25 includes corn, calculated at 200 pounds as
the equivalent of 1 bushel of wheat, but excludes
wh(;zat, oats, and barley. It also excludes rotations 5
and 8.

Table 26 is identical with Table 25 except that the
corn vields are calculated upon the basis of 257 pounds
of dry weight of corn grain and stover as being equiva-
lent to 1 bushel of wheat, instead of 200 pounds as in
Tables 19 and 20.
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Tanre 24.—Composite weighled acre yields of wheat, oats. barle;,
and corn, expressed in equivalent yiclds of bushels of wheat, o
16 ficld stations tn the northern Great Plains area, showin
percentage of mean

(Sarue as Table 23, oxcept that corn yiclds (obtained by dividiog the total dry weigi:
o( corn and stover hy 200) have been included|

tlroup 5
Group 4,
Group L, | o | Group 3, | rotations r?,""“:;'"?.“
continu- D 2 | rotations | 1, 4, and | < S %
ous | Blternate ) song'” | 'disked | A0 9
: fallow 15 (plowea
Mean| cropping (fallow) corn
yields stubhlej corn
Fiold stations—  |for ail stubblo
Homs|S 8402 8402 18418 (8.2 |3
ez | S8 :-: 33| 20|89 |5 |88| 5| &0
=3 |98 | g |a@cg|/ag o582 g’
N ga os [PH |02 85 o2 | SE|0X| 3B
ARSI 1A I e T
< |&° | A%« (K%< |&°|= |2
1 2 3 4 ] 6 7 8 9 10 1112
i
Showing high yiclds: | Bu. | Bu. nu. Bu. Bu. | Bu.,
i 17.88 19. 08] 1. 07114. 84| 18.27| 0.91]19. 55| 1.0919. 66 1
160.6216. 24 08,15 28 . U218.62] . 90i8.42) 1. 116,62 (
16. 18|14. 81 9213, 9, 86i16. 73 1.03|l7. RO 1 L1748 1
10.27|15. 78| . 97]15.69] .00114.83 .91{17.23} 1.06{17.61] 1.
15.4813. 03| .90/13.82) .89I15. LU8(17.562 1.13)16.92 1.
| 15.70{15.21) .97|15.54) .99'13.32| .84/18.29 1.17{16.19| 1.
Edgeley.ccacaaae- { 14.49(13.87) .96/11.02 .76/13.39 .92/17.18) 1.18116. 9 1.
Ardmore, 14.16/13.73| 071177 [83)13.08| .92[17.14) L.21{15.12 1
AVOrge. ..emam - 15. 85|15. 33| 12.99) 14,92 ... 17.90]..... 17.07)...
Percentage of :
[MEBD. « acaaana(mmmmmaeeane I/ P .88l 94 L13(..... 1L
Showing low yields: 1 | |
Huntley. ... 3. 82(12. 09 7(12.75, .92/15.21| 1,10,15.05| 1.0914.01] 1.
North Platts .,13.80'14. 13| 1.02]13.03| . 94{12. 43| .00!15.18| 1.10(14.23 1.
Scotts Blufl. 11,20 9.79| .87/10.24[01|"9: 08[™TB011 T2 1
k 0. 8 . . 3 7911066 1. 121129 1.
9. . . L8211,17) 10811 11! 1.
9. 3 .86|ll.90 1.20!10. 30 1
9. 82110. 81| 1.08/10. 58; 1.
9. 8.07 .82}1]. 12| 1.17/10. 95; 1.
Average__.._..__ 11, 13[10. 72| 10.64 9.88. ... 12.46(____. 11.96'...
Pcreontage  of |
MEAD. cacnacan|encuac]|amn=a]| OB .. L90l..... .88..... 1,12 i L.
(rand average: | -
Yield-.._... 13. 49(13. 03| 12.32 12.40|..._ 15.18( .. 14510
Percentage i
of mean...|.ceeo|oceas) L 08{-e .. 92, 1) | PR, L1311

As has been mentioned before, the relative valu
assigned to corn in Tables 19 to 25 is too high as
broad generalization for the average conditions th:
have prevailed at the 16 northern Great Plains fiel
stations during the 228 crop years covered by the:
investigations, as shown by the facts that the gran
average of the mean composite acre yields of whea
oats, and barley, as given in column 7 of Table 22
12.54 bushels; while for corn, wheat, oats, and barle:
as given in Table 24, the nveragoe is 13.49 bushels; a1
in Table 25, where the yiclds of corn ouly are give
the mean acre yield is 16.11 bushels, using 200 poun:
dry weight as the basis of computation. It wa
therefore, considered desirable to compute the cor
gwlds on the *basis of 257 pounds dry weight as h:

een done in Table 26, which gives 12.54 bushel
the same as in Table 23,



oy ST — ) —— e e on

I TP URETR FTS A

wad G W

1 ABLE 20.—.ACT¢ qields o) ¢ori at 10 Jietd SLAIONS 1n ine norinern
Great Plains area, expressed in equivalent yields o) busiels of
iwheat, as given in Table 19, and grouped in the same manuer as
the compusile yiclds of wheat, oals, and barley wn Table 28,
showing also percentage of meur as in Table 23

[The totat dry weight of corn grain and stover is dlvided by 200 to convert it into
vquivakl:.m bushels of wheat. Itotations 5 and 8 are omitted because they contain
no‘corn

firoup 4, Ciroup 5,
Group 1, Group 2, rnlulluns'l, Ifolxlll.()ns 2,
continuous | alternate "(d‘lﬂ'&;’ J'([Zl'o'weddo
Mean | CTOppPiDg (allow corn corn
yields
Fleld stations— e all stubble) stubble)
riotn- I
tions
Averd P€0 | Aver.| = | gy DI 4 gpr Per-
age | 0L | “age | oDt | “ggq | CONL) age 1 TAL
; age ol age of age of| by uge ol
yield : mean yield ‘mean yieid mean| yleldi mean
{
i
1 2 3 | 4 5 6 7 8 s | 10
Showing high yiclds: Bu. | Bu. | Bu. Bu. Bu,
{ocensin 2208 25,990 1,18 16.21| 0.73| 2228| 1.01| 23.84| 1.08
BBelle Fourche 1.03| 14. L83 18.71| 110/ 17.74 1.04
Sheridan 1.07| 11.03| .80 14.63| 1.06/ 14.89| 1.08
Mandan 1.10| 17. 17| .86 20.42| 1.02) 20.50; 1.02
Dickinso 107/ 1211 .77/ 16-61| 106 17.17] 1.10
Williston... 1.09| 20.69 1,02 20.00( .yv 18.47| .91
Edgeley ... 1.031 11.22] .66| 10.28] 1.14/ 19.71| 117
Ardmore I 114 1215 .80] 16. 1.09) 14.84¢ .97
Averago yield..... 17.65( 19. 28|...... 14. 35|.ce--- 18. 58| c..-. 18 40}----..
Percentage of
............. 1.09)eeae 81|ecveaae] L05|......] 104
14.44] 13.97] .97 14 1.03[ 14.62| 1.0 14.28 .00
18.10( 18. 78] 1.04| 14.41{ . 20| 1.12] 18.91 1.041
15.10] 13.98 .93 12.8 84| 16.73( 1.11 17.09 1.13,
13.30( 14.17| 1.07| 11.87 89| 13.76( 1.03) 13.391 1.0L
14. 13| 14.82 1.05( 14. 1.06| 13.26; . 04| 13.52, 06
13.87 13.89f 1.00| 12 88 03| 15.06] 1.09 13.66{ 08
14.75( 14. 17 96| 14. 4. 08| 14.82| 1,00 15.58( 1.08
12.82‘ 14.94) 1.17| 10.28 12.66] .99 13.39] 1.04
Average yield..... 14. 56| 14.84 13. 29 15.15 14. 68|......
Percentage of |
MEBD- - eucevereaicacsnnc|acaaet 1. 02 .91 1. 04 103
Grand average: i i
Yieldoo.oooo.. 16. 11| 17.08}_..... 13. 8 16.80|...... 18.69......
Percentago of i
MCAN e eeewnicmomane|camenn L 08‘ . 86 L.0§|...... ; 1.04

In Figure 71 the acre yields of wheat, oats, and barley,
as shown in Table 23, are also given in equivalents of
bushels of wheat, the solid lines representing the wheat,
oats, and barley yields, and the broken lines the corn
yields, as givenin Table 26. There are two mean lines
showing the means by stations, one for corn oniy, and
the other for wheat, oats, and barley. Although each
of these means averages 12.54 bushels in wheat equiva-
lents, it will be seen that they vary fantastically from
each other for the individual stations, thus showing
how discordant the small-grain yields are with the corn
yvields at the different stations. For example, at
Sheridan the difference between continuous cropping
for corn and for small grains is 3.26 bushels, whereas
at Huntley this difference is only 0.28 bushel; for alter-
nate fallow the respective differences are 6.89 and 0.06
bushels; for rotations 1, 4, and 6 these difterences are
8.11 and 3.9 bushels; and for rotations 2, 3, 7, and 9
these differences are 7.15 and 2.89 bushels. There are
many other instances where the discordance is nearly
as great. In fact, discord rather than accord seems to
be the rule, as is shown by the repeated crossing and

rigure /2, UKE 1IZULE (1, 13 A Eraphic presentation
of the figures given in Tables 23, 24, and 25. But in
e —~ - .
Figure 72 the pereentage of niean is used instead of the
4 et ~
acre yield as in Figure 71.

TABLE 26.—Acre yields of corn, expresscd in amended equivalent
yields of bushels of wheat, at 16 field stations in the northern
G'reat Plains area

[This tablo is tho sama as Table 28, oxeont that 257 (instead of 200) is used as the
divisor of the totul woight in tho conversion of yields to wheut squivalonts)

Giroup 4, Group 5.2
Group 1 Group 2, | fotations |rotations?2,
comim;ol;s alternate | I’ (‘i":kn:iﬂ 3 7l'oan:d9
Mean| cropping | faliow ( st (pcorn
yields
Fleld stations— | for all stubble) | stubble)
rota-
tions
Per- .| Per- _I Per- Per-
e o o o e
s () ! 3 00
yield [FF00 | viold | 3550 | vieid ‘I‘g:a‘:‘ yield ﬁean
1 2 3 4 H 6 7 8 9 10
Showing high yieids: Bush. | Bush Bush, . Bush.
Moceas! 17.18) 20.23| 1.18| 12.62| 0.74] 17.34| 1.01| 18.55| 1.08
. 1.03| 11.05 .83 4. 1.10| 13.81| 1.04
1.07| 8.58 .80y 11.39| 1.06; 11.59 1.08
1,10{ 13.36| .86| 15.89 1.02[ 15.95 1.02
1.07) 9.42 . 12.93] 1.06( 13.36| 1.10
1. 16.10) 1 15.63] . 14.37) .01
1,03 8.73 15. 1.14) 15.34| 117
1.14) 0. 46 12 1.09) 11. 55, 97
Average yield....... 13.74 15.00f 1,17 1440 14.32.. .
Percentage of mean LOD...... 81 1.06|.---.- 1.05
Sbbwing low yields:
Huntley - ..o.......| 11.24| 10.87| .97 11.61 1. 11,38 1.01 .09
North Platte......__ 14.08) 14.61| 1.04( 11.2) . 15700 1.12 1.05
Scotts Bluil __ L03 0.82( .84 13.020 111 1.13
1.07) 9.24] .80 10.71| 1,03 1.01
105 1161 1. 10. B4 .06
1,00 10. L0931 1L.72) 1. .00
.96 11.25 .98) 11.53) 1,00 1.08
| 1.17) 8.00 .80l 9. . 1.04
Average yield_.__.| 11.33 11.55 10. | 1 L
Percentage of mean. 1.02...... I 1.04(...... 1.03
Grand average:
1. W 12. 54{ 13.28, 10. 70| 13.1 12. 08|
Percentage of
mean Los...... ssi ...... I I 1.04

Therefore, for comparison, there are three different
methods of computation, namely, the percentages of
the means based upon (1) the composite yields of
spring wheat, oats, and barley, Table 23; (2) the yields
of corn only, hased on 200 pounds of total dry weight
of grain and stover as equivalent to 1 bushel of wheat,
Table 25; and (3) the composite yields of corn, spring
wheat, oats, and barley, with 200 pounds of the dry
weight of the corn grain and stover as an equivalent of
1 bushel of wheat, Table 24,

Rotations 5 and 8 are not included in Tables 25 and 26,
nor in Figures 71 and 72, as the corn crop does not enter
into these two rotations, summer-fallowing being substi-
tuted forcorn. The percentage calculations are therefore
based upon four groups of rotations and tillage methods
instead of upon five, as is the case with Tables 19 to.
24, inclusive, and with FFigures 68, 69, -and 70.

It will be observed that in Figure 72 a fourth line
representing the means of the other three means for all
stations has been inserted for each station. This was
done to facilitate direct comparison between the three

recrossing of the two ‘“mean” lines,

different methods of computation. Although there is
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no such close agreement as is found in IFigure 70, it | TaBLE 27.—Relative rank of three groups of rotations, conlinuou.
will be observed that the general relative efficiency of gorman and allernate fallow at 16 field stations in the northerr
the different groups is not materially different under reat Flains area
the different methods of computation, except in the case
of the relations between continuous cropping and alter- Roiative rank
nate fallowing. This difference is obviously due to the
. _ 3 Fleild stations Continu- Rota- Rota- Rota- | Totu
failure of corn to respond to summer-fallowing as the S ctop. | Alternatal (ot | B0 | onand, |
small grains do. The other discrepancies are nearly GUE | (Group )| &nd 8 | 7 ond 9| and 6
all differences in degree rather than differences in (Group 1) (Group ) (Group &) (Group 4)
direction of deviation in these relations. Moceasin Fourth..| Fitth__ | Thi
A careful study of Tables 23, 24, 25, and 26 and Fig- | el ¥oureis. I Filth-+~| Fourih| Socami—1| Thirds:
ures 71 and 72 seems to indicate that, notwithstanding | Miadan- -4~ o .| Third....| Second...|..
the erratic behavior of the corn crop as compared with | Rickinson -do.....| Fourth.. Third.__| Second_.
wheat, oats, and barley, the methods of analyses and | Edgeiey.- 1o oweeh| Fin | Tode T T e
interpretation employed in the preceding pages lead to | iintiey .- o] Foweth | Sesond
reliable conclusions concerning the relative efficiency of | Yorth tiatte do..l...do... .. cdo... .-
the different methods of crop rotation and tillage. Akron. ... Third.--|---doo-. it
Reverting to Table 23, of which Figure 70 is a graphic Einniboine. .. ---.----- Fitth........-do..| Fourth.....
illustration, attention is called to tho following fucts: | (uiby-.. < Brcond | Fourth. -
. . . Archer. .. Fourth._| Third_._| Sceond._|...
Rotations 1, 4, and 6, 3-year rotations with wheat, oats, or Total (points):
barley sown on disked corn stubble, stand No. 1 at 14 out of the Aetialor oo 7 s} 50 34 18] o
16 stations, Mandan and Scotts Bluff being the exceptions. Theoretical.... 80 64 48 32 16| 2
Rotations 2, 3, 7, and 9, 3-year rotations with wheat, oats, or Differen s
barley sown on plowed corn stubble, stand No. 2 at 10 stations; | Percentage: ©8--- -t +2 +2 RIGH S
No. 3 at 4 stations (Belle Fourche, Huntley, North Platte, and Actual _total+theo-
Colby); and No. 1 at 2 stations (Mandan and Scotts Bluff). Tfe;‘g’t‘igl iy O™ 0.68 1.04 1.06 L2l
Rotations 5 and 8, 3-year rotations of wheat, oats, and fallow actual total ... 1.06 Loz .96 o4 8 |
(the wheat following the fallow in 5 and the oats following the ) T
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Ficurx 71.—Composite acre ylelds of wheat, oats, and burloy, expressed in equivalents of busliels of wheat, as glven In Table 23, and the acre yleids i
in equivplents of busheis of wheat in 'T'able 26 ! y of corn as kiven

fallow in 8), stand No. 3 at 9 stations; No. 2 at Belle Fourche,
Huntley, and North Platte; No.4 at Mandan, Assinniboine, and

Colby, and No. 5 at Akron

Alternate fallowing stands No. 4 at 10 stations'; No. 5 at
Moccasin, Edgelev, and Ardmore; No. 3 at Mandan and Assinni-

boine; and No. 2 at Colby.

Continuous cropping stands No. 5 at 12 stations; No. 4 at

Moceasin, Edgeley, and Ardmore; and No. 3 at Akron.

The relative effectivencss of these five methods is shown in

statistical form in Table 27, and graphically in Figures 73 and 74

all of which have been developed from Table 23 using the acre
vields weighted for differences in tillage systems from wheat,

of wheat.
in thiese cumputatious.

oats. and barley as a basis and expressed in equivalents of busheis
No fixed prices for any of the grains were counsidered

By grouping the rotations as has been done in th
preceding tables and figures, the effects of time an
depth of plowing have been obscured. This oflic
undoubtedly has more facts bearing upon this subjec
than exist in comparable form elsewhere. This mat
rial eventually will be interpreted and published, b
the lack of both time and space makes it impracticab,
. | to undertake such publication at this time. The stud
of this material, in preparing the present publicatior
taken in connection with what has been publishe
previously, seems to warrant the following brief sun
iary,
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FIGURE 73.—Diagram illustrating TableZ3. Thecomposite acre yicids obtained at 16 northern Great Plains fleld stations from wheat,
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PREPARING THE SEED BED

The time and depth of plowing, listing, disking, or
duck footing the soil in the preparation of a suitable
seed bed is dependent upon many locul and seasonal
factors, among which are the following: The character
and the physical condition of the soil, and the time
when the economical distribution of farm laborers,
teams, tractors, disks, cultivators, and other imple-
ments can be used to the best advantage; the probable
effects of climatic conditions, likely to prevail during
the interval of time between the harvesting of one crop
and the seeding of the next crop, such as the retention
of soil moisture by the catching of snow and the
retention of rainfall; soil blowing; the loss of soil mois-
ture by weed growth; and the effects of the freezing and
thawing of the soil during the winter, ,

The object sought in preparing the seed bed is to
provide a mellow, well-tilled, but fairly compact
surface layer of soil from 4 to 6 inches deep, as free as
possible from ungerminated weed seeds, and with as
ample a supply as possible of soil moisture at the time
of seeding. How to secure these conditions at the
lowest possible cost in the expenditure of labor is a
perennial problem that will demand a different solution
for every season, every farm, and every crop.

Each individual farmer must rely upon his knowledge
of his furn, its soil, the local climate, and the adaptation
of different crops and different varieties and strains of
crops to the different soils of his farm. He must learn
most of these facts from his own personal experience and
observation or from some other farmer who has acquired
his knowledge from local experience and observation.

Reducing the cost of production of farm crops and
at the same time increasing the yields and the quality
of these crops scems to be the most feasible if not the
only way of relieving the agricultural conditions that
have attracted so much attention during the last five
years. Much has been accomplished toward reducing
the cost of harvesting and threshing by the introduction
of the small combines and other harvesting devices,
but much remains to be done toward reducing the cost
of preparing the sced bed and sowing the crop. The
duck-foot cultivator and other similar types of imple-
ments that in a large way will replace the plow seem to
be very promising. The plow has been, and probably
long will be, a very useful implement, but there is nothing
sacred aboutit. If,asnow seems certain,there are other
implements that can be used more economically in pre-
paring the seed bed on the broad, level prairies of the
Great Plains, thero should be no hesitancy abont adopt-
ing them as soon as their efliciency hus been established.

Now that we know that the root zone of nearly all
agricultural crops extensively grown in that region
extends far deeper than the deepest plowing, that a
good seed bed from 4 to 6 inches deep will produco just
as good crops as one twice that depth, and that the
receptivity and retentivity of the soil to water is as
fully attained on most prairie soils by having the first
4 to 6 inches of the surface soils in proper condition,
there is no longer any excuse for the universal use of
the old-fashioned moldboard plow. The duck-foot
type of cultivator as an implement for the destruction
of weeds, on some soils, is more efficient than the plow,
and it leaves the surface in better condition to withstand
soil blowing and to catch and retain water. Ogaard’

? OGAARD, A. J. SUMMER TILLAGE IMPLEMENTS. Mont. State Col. Agr. Ext.
Serv. Bul. 79, 42 p., illus. 1926,

49445°—31—2

% 9
!3\5 Yoo N N N
Q§ k(k n ny S
WIFT § & 9
NN
SN
XS § ¥ 9
RANK
K Ed F 2 /
MOCERSNV 7 2
I
BELLE FOURCHE /
b I ©
\ i v
§ N v Y
_ | 7 A
- v b ——Jo
oy
™y
\\
NEINLARN 2
'I
4
’l
DICKIMSOV o
#PVLLASTON o
L Y
\
EOCELEY ’
AROMORE ’
4
4 /
’
AUNILEY /
G of o %
I VY
] N ) ' .
3 & 1
WARTH PLATTE ,
-y
\
N
SEOTTS BLiE 2
[4
\ » ’
\ 'I
AROON b 2
ASSINNIOOINE V4
ARPIS 174
cotsy 2
& d
3R
y @
ARRCWER o
RANVAC S Pl
ser > td 7

Figure 74.—Departures from the regular rank of

LELRRIURES

CONVXLR IBD AN
AUTER. T LoV

2RFP IOD Lo

& TO0 Lo
LTI TOO NIGHN

ALIER.TOO LOM”

AUTER. 7D0 Low”

S8 TOP MICH

~

| 2R 70O LON

2:3X9 JOO0 NIEHN
/#6700 Lo

$E8 700 Lo/

ALTER. 700 HISH
SPFP TO2 LOW

tillage-

certain
msethod groups at some stations. The number of such departures
for each station i3 given at the right hand and for each group at

the bottom.



18

has described a large number of labor-saving tillage
implements, and new ones are constantly being intro-
duced. The farmers of the Great Plains should keep
themselves posted on these new implements, for it is
upon themn that they must depend largely in reducing
the cost of crop production.

ECONOMIC PROBLEMS

The farmers of to-day aro faced with an anomalous—
it seems alurost an impossible—probletn, that of redue-
ing the cost of production without increasing the volume
of production of some of the staple farm products.
The cost of production of manufactured articles has
been brought to a high state of efficiency under the
stimulus of a constantly increasing demand for their
products. The farmer has no such incentive. He
knows that there is an overproduction of many of his

roducts, and he sees no relief in the near future, for
ﬁe has to compete in the world markets, and vast areas
of agricultural land are being brought into use; and
everything that lessens the cost of production or trans-
portation anywhere in the world, except in his own
immediate locality, makes his struggle more difficult.
Ilis ouly hope seems to be that possibly he may, by
more ellicient methods, tinplements, and managerial
ability drive some other farmer out of business and
convert him and his family from competitors in agri-
cultural production into consumers of agricultural
products. This is being done on an enormous scale
throughout the United States at the present time.
A WORKING HYPOTHESIS FOR PLANNING ROTATION AND TILLAGE

METHODS FOR THE NORTHERN GREAT PLAINS

Having presented certain facts, and certain methods
of analysis and interpretation of these facts, with
reference to the relative effectiveness of certain rota-
tions and tillage methods, the next step is to present a
broad generalization based upon these facts in the
form of a working hypothesis that will enable the farmer
to apply the results of these investigations to his
problems. This is a difficult undertaking, for it is
well known that no broad generalization ever quite
fills any particular combination of conditions. Life-
insurance companies have worked out statistical
tables which enable thom to state definitely just how
tall the ““average man’’ should be; how much he should
weigh at certain periods of his life; how long he should
live; and when, how, and why he should die; but
they have never yet found the ‘‘average man’ who
has fully met all the specifications. But without
some such working hypothesis, life insurance would be
impossible. For similar reasons it is necessary for
every farimer who plans a rotation system for his farm
to have a working hypothesis. On the basis of the
foregoing facts the working hypotheses that follow are
presented.

After making allowance for the extra-labor cost per
acre for summer-fallowing and for the difference in
cost between disking and plowing for small grain sown
on corn stubble, the relative effectiveness of the five
systems considered

228 crop ycars, is as follows: System 1, continuous
cropping, 1 per cent; system 2, alternate fallowing, 1.06
per cent; system 3, three-year rotations with summer-
fallow every third year, 1.13 per cent; system 4, three-
year rotations of corn, oats, and whent or barley, land
plowed every year, 1.23 per cent; system 5, three-year
rotations the same as the preceding Froup, except that
the corn stubble is disked instead of being plowed for
the following grain crop, 1.31 per cent.
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That is to say, the annual net returns per acre from
the land actually cropped, after allowing for the extra-
labor cost of the summer-fallowing, on the average
from alternate fallowing is about 6 per cent greater
than from continuous cropping, but there are only half
as many acres harvested, and the interest and taxcs
on the fallow land are not provided for in this estimate.

1f only one-third of the land is in fallow as in system
3, the annual net returns should be about 13 per cent
higher than from continuous cropping per acro of
cropped land; and interest and taxes on only one-third
of the farm are left unprovided for. In system 4 the
entire farm is in crop, and the annual net return per
acre from the entire farm should be about 23 per cent
higher than from .continuous cropping to the same
crop, leaving no idle land for whicg interest and taxes
must be provided. In system 5 the annual net returns
should be about 31 per cent higher than from continuous
cropping to the same crop. The greater return from
system 5, as compared with system 4 is due mainly to
two causes: (1) Siightly lower costs of production
due to disking 'mst.eag of plowing the corn stubhle—
only 3% per cent allowance has been made in these
cstunates for this diiference—; and (2) higher yields
from the disked corn stubble as compared with the
plowed stubble.

In the slow and devious journey from special verified
facts up to this generalization many exceptions and
contradictions have been noted. It therefore scems
desirable to look a little closer into some of the assump-
tions involved in this generalization. These may hava
been overlooked, but they should be taken into con-
sideration before accepting any working hypothesis as
a solution of the major agricuitural problems of the
entire Great Plains area or any section of it.

In Table 28 the ratios of the relative effectiveness
of the five systems of crop rotations and tillage methods
are given, for each of the 16 northern Great Plains
(ield stations from which the ratios of 1.00, 1.06, 1.13,
1.23, and 1.31 were developed. It will be noted that
the ratio of 1.06 is the average of 16 ratios ranging
from 0.90 to 1.27; that for 1.13 ranging from 0.89 to
1.36; that for 1.23 ranging from 1.02 to 1.47; and that
for 1.31 ranging from 1.08 to 1.51.

TABLE 28.—Raltos between coniinuous cropping and allernate
Jallow and between continuous cropping and three groups of crop
rotattons at 16 field stations tn Lhe northern Great Plains area

[Continuous cropping i3 taken as a basis for the comparison of acre yields expressed
in equivalents of bushels of wheet, as siown in Table 23)

in these groups, on the average for Be
all of the 16 northern Great Plains field stations for | 3

Yields from alternate fallow and from
various groups of rotations each
divided by yieids from continuous

Group 1, | oM
N contin-
Field station uous o 2 lo o
cropping roup roup 5, oup 4,
gm& rota- rota- rota-
fallow tions 5 | tions 2, | tioms i,
and 8 [3,7,and 9| 4, and 6
1 2 3 4 5 6

1 T, 1 0.81 1.04 112 L 17
Belle Fourche......ooeeceucena. 1 Lo 1.00 1.03 117
Sheridan. 1 1.05 1.13 1.27 1.3
AAAD. .. cceeeeuccenncnononas 1 1.19 118 1.28 124
Dickinson 1 1.18 1.2 1.35 1. 44
Williston .- 1 1. 10 1.13 1.27 147
1 .90 1.10 .29 1.3,
1 .08 1.10 1.29 1.4
1 1.05 1.36 125 [P
1 1.05 1.00 1.02 Lo~

1 1.18 1.30 1.47 14

1 R .89 1.11 |8

1 1.27 1. 14 1.35 1.3

1 .43 1.17 1. 18 [}
1 1.10 1.0t 108 Ll

1 1.02 115 1.32 1.5
1 1. 06 .13 L3 1.3




If one were to consult the original data it would be
.. found .that there is a similar range in the average of
the 684 crop-year yields that entered into the 64 ratios
shown in Table 28.

If, however, one were to study the data contained
in Miscellaneous Circular No. 81, it would be found
that many of the seeming inconsistencies are accounted
for by the combinations of soil and climatic conditions
at the several stations during different years. For
instance, Table 28 shows that the ratios of alternate
fallowing are below continuous cropping at Moccasin,
Edgeley, Ardmore, and Akron. This 1s undoubtedly
due largely to the very impervious character of the
subsoil and the consequent low storage capacity for
water at these stations. The peculiar reaction to
the different systems at Huntley where there is a rela-
tively low reaction to alternate fallowing but a high
reaction to the summer-fallowing in rotations 5 and
8 where the summer-fallowing occurs once in three
years instead of in alternate years, and the very small
differences shown from different methods at North
Platte, Akron, and Colby are undoubtedly due to local
conditions. But just what these local conditions are
is not so obvious as are the subsoil conditions at Mocca-
sin, Edgeley, Ardmore, and Akron. Further study
will probably explain these and some other seeming
anomalies.

There are other assumptions involved in this work-
ing hypothesis that are perhaps more complex than
any other feature of the subject of crop rotation.
These are the relative values of the several crops
entering into the rotation. In these estimates the
units of measurement have been bushels of wheat, and
it has been shown, so far as the crop-yielding capacity
of the soil is concerned, that 1 bushel of wheat is equiv-
alent to 2 bushels of oats and to 1% bushels of barley.
It has been assumed that the average cost of produc-
ing these three crops bears the same relations as the

ield. That is to say, there 18 practically no difference
in the cost of producing an acre of wheat, an acre of
oats, or an acre of barley. Few, if any, practical
farmers will question this assumption. It does, how-
ever, cost more to produce an acre of corn than it does
to produce any of the small grains. But this extra cost
is governed to such an extent by the way the crop is
raised and the use that is made of it that it is very
difficult to estimate it. Some of these variable factors
are as follows: Whether it is listed or surface planted;
how many times it will require cultivating to keep it
free from weeds; whether the cultivating can be done
with a 4-row, a 2-row, or a l-row cultivator; how thoe
crop is to be harvested—whether cut for silage without
husking, whether cut with a corn binder, whether
shocked and husked from the shock and the stover
stacked or stored in barns, whether shucked from the
standing stalks which are later eaten off by stock, or
whether handled in several other ways.

One of the many things that these investigations have
demonstrated is that corn can be profitably grown
throughout the northern Great Plains if proper methods
are used to reduce the cost of production and to utilize
both the grain and the stalks to the fullest possible
extent by converting them into beef, pork, mutton,
wool, or dairy or poultry products and to provide food
for work or breeding stock. Just how to accomplish
this must be leit for each individual farmer to decide
for himself.

A goodly portion of the value of the corn crop con-
sists of the value of the stalks for feed and the beneficial

eflects of this crop upon the soil in preparing it for the
wheat crop that is to follow it. In Table 29, both the
total dry weight of the unhusked cornstalks and the
bushels of corn are given. In estimating the value of
the corn crop the value of grain only is used. It is
assumed that the food value of the corn stover will
compensate for any difference between the cost of
production and the value of the grain.

The oat crop must be considered in somewhat the
same way as the corn crop in that both the grain and
the straw must be converted into some kind of animal
products before they are sold. The wheat crop is the
only one used in this connection which can be con-
sidered as a cash crop, although a cash price is used in
the estimates for both oats and corn grain. The farmer
must, however, get his profits on both these crops from
the animal products they afford, the manure they make,
and the improved condition of the soil for raising wheat
after the corn crop.

TABLE 29.— Average annual acre yields of wheat under continuous
cropping and under allernale fallowing and of wheat, oats, and corn
in rotation 1 al 16 field stalions in Lhe northern Great Plains area

[The yields here given are not weighted for tillage methods. The average yields of
wheat in column 3 are based on biennial yields which have been dlvidergy 2in
order to convert them into anpual-yield equivalents]

‘Wheat Corn, rotation 1
Oats,
Field stations— Years { Alter- (Contin- R rota- :
nate | uous ota- | tion 1
fallow- | crop- | tion Total | Grain
ing ping 1
1 2 3 4 5 [ 7 8
Showing normal ylelds: |Number) Bushels| Bushels| Bushels| Busheisi Pounds| Bushels
Moceasin. . ocoooea.. 18 9.45 | 14.2 19.5 33.9 4,447 |.caaae-.
Belle Fourche. - 18] 1L35] 14.7 17.5 3.1 3, 502 2L8
Sheridnn..... 0 1LA6| 13.2 17.8 385 2,M3 17.4
Maudan..... 12 0.95| 120 157 2.7 4,011 2.5
Dickinson, 191 10.35 | 1.8 10.8 U7 3,334 161
Williston... 11 9,30 IL8 u.1 30.1 3,751 127
dpeley... 18 655 | 1.4 16.9 20.3 3,708 &7
Ardmore.. 3 8.20| 1.6 18.5 30.1 3, 162 16.2
Huntloy. . 14 7.55 | 10,0 159 09 2,022 16.1
North Plat 10 9.60 | 1.4 13.1 209 4,076 202
Total or average_.. 140} 938 122 16.9 30.8 3,580 16. 96
9 7.18 7.1 130 18.0 378 201
17 565 9.0 11.8 17.2 %.75! 129
10 & 60 a7 9.9 150 2,331 7.7
19 4.18 a8 7.1 23 2,933 56
12 & 60 7.0 6.9 136 2,914 17.8
12 6. 70 8.5 128 17.4 2,401 141
Total oraverage. .. 9 5.98 7.3 10.2
Grand total or 183 %78 120
avorage .- ........ - 8,10 10.38 | 14.38 | 20.00| 3,201 15.37

WILL THE WORKING HYPOTHESIS WORK?

In developing this working hypothesis it has been
necessary to use composite yields, ratios, and percent-
ages. 'The rolative cost of producing the different crops
under different systems of rotation and tillage methods
has been considered, but neither the relative nor the
actual market prices of the several crops have been
taken into consideration.

The practical farmer is interested primarily in the
net returns he will get for his labor, his managerial
ability, and his investment. In order to test the valid-
ity of the working hypothesis, it must be applied to a
definite farm unit, using definite prices for each of the
crops in computing the annual returns.

Assuming the use of a farm unit of one section—640
acres—and (where livestock production is an important
factor in the farming system) such additional land as
may be necessary for grazing purposes, 40 acres of the
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section will he required for the fnrmstend, night pasture,
garden, and lor other crops that do not enter mto the
rotations, leaving 600 acres under cultivation in the
general farm systems.

Assuming for the market prices those given in the
Yearbook of Agricuiture for 1926 as the averages
received by~the producer for the years 1921 to 1925,
inclusive, these are, wheat $1.137, oats $0.404, corn,
$0.781 per bushel. For the value per ton of the total
dry weight of the corn crop, including both the grain

and the stover, $9 per ton is here used. This 1s an
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This is belioved to be n (uir estimate and justifies the
valuation of the total dry weight of the corn grain and
stover at $9 per ton.

The acre yields from the different crops and methods
are taken from Table 29, which shows that the lower
six stations have abnormally low yields for wheat and
oats and in some instances for corn. This is undoubt-
edly due largely to the fact that spring wheat and oats
are not adapted to these stations. It was, therelore,
decided to use the yields from all 16 stations but to
segregate the 6 stations where the average spring-
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FI1GURE 75.—Diagram illustrating ‘I'able 30, comprring aiternate cropping to wheat and summer-fallowing, contimious cropping to wheat, rotation 1, and aiternate

corn and whent.

“I'he left-hand portion of the dingram gives the annual returns in dollars per acre for the fotr ditlerent systems, and the right-hand portion gives

returns for the individual crops in rotation 1 and in aiternate cropping to corn and wheat at 16 northern Great Plains fleld stations

estimate arrived at as follows: The average total dry
weight of the corn crop for 10 field stations is 3,586
pounds. The average yield of corn grain for the same
stations is 16.96 bushels. At 70 pounds per bushel this
grain would weigh 1,187 pounds. Subtracting this
from 3,586 pounds gives 2,399 pounds, the weight of
the corn stover. The cash value of 16.96 bushels of
corn at $0.781 per bushel is $13.24. The estimated
value at $9 per ton of 3,586 pounds of total dry weight
of grain and stover is $16.14. Subtracting $13.24,
the value of the corn grain, gives $2.90 as the value of
2,300 pounds of corn stover, which is $2.41 per ton.

wheat vields were under 10 bushels and the oat yields
under 24 bushels. TFigures 70 and 72 show that the
inclusion or exclusion of these lower yielding stations
would not materially affect the relative results of the
different farming systems, but in making commparisons of
the gross returns per acre it seems best to treat these
two groups both independently and coilectively as has
been done in Tables 29, 30, and 31, and in Figures 75,
76, and 77. From these it will be seen that the relative
effectiveness of the different systems for the 6 stations
with subnormal yields is about the same as that shown

for the 10 stations having normal yiclds.
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TsvLe 30,—Gross annual returns per acre from wheal, cals, and
corn al arerage prices for the five-year pertod 1921 to 1925,
under tifferent rotations and tillage systems, at 16 ficld slativns
s the northern (ircat Plainy area

{The rcturns given are hased ou the foilowing prices for [ndividual crops: Wheat
$1.137 per bushet; oats, 30.404 per bushei; corn, $Y per ton oi total dry weight. ‘The
average returns given in column 2 are based on biennial yields which have heen
divided by 2 in order to convert them into annual returnsj

Alter- |Contin. u&:tt- Alter- Rotatlon 1
nuate uous |70 nule
Field stations fullow | crop- * | corn
and | ping—("108% | and | oo | O | wheet
wheat | wheat cats | Wheat weight
1 2 3 4 5 6 7 8
Showing normal yields: '

Moccasin $10.75 | $16.15 | $18.63 | $21.09 | $13.70 | $20.01 | $22.17
1 16. 71 16.43 | 17.97 | 13.37 | 16.03 19. 90
15.01 15.72 | 16.41 | 14.34 | 1257 20. 24
13.64 | 15.83( 17.95| 11.59 | 18.05 17.85
13.42 | 1718 18.76 | 14.02 | 1500 22,51
13.42 | 1502 16.46 | 1216 | 16.88 16.03
1296 | 16.05( 18.16 | 11.83 | 17.09 19,22
13.19 | 1581 17.63 | 1216 | 14.23 21.03
11.37 | 1403 | 15.62| 10.87 | 13.15 18 08
12,96 | 14.56 | 16.62 | 10.46 | 18.34 14.89
13.88 | 15037 17.877 1245 | 16.15 10.19
. 8.07( 1229 | 1499 7.51 | 15.19 14.78
. 10.23 | 10.92 | 1291 6.95 | 1239 13.42
7.50 7.62 9.27 | 10.88 6.06 | 10.49 11.26
. 6.37 | 10.12 | 10.64 9.00 | 13.20 8.07
7.96 0.49 | 10.48 7.51 | 1311 7.85
9. 66 9.21 | 10.30 7.3 6.20 1433
8.32| 10.22 | 1.70 7.3 ) 1.7 11.62
Grand average....| 9.25| 11.80| 13.79| 1543 | 10.54| 14.50 16.35

FOUR SYSTEMS OF FARM ORGANIZATION COMPARED

The four systems of farm organization here com-
pared are as follows:
BYSTEM 1

Alternating cropping to spring wheat of 300 acres each year
and summer-fallowing the othier 300 acres each year.

SYSTEM 2

Continlous cropping to spring wheat on the same 600 acres
of land every year, the land to be plowed cach year either in the
fall-or in the spring.

SYSTEM 3

The farm is divided under rotation 1 into three fieids of 200
acres each. One of these fields has raised a crop of corn the
previous year. The corn has been cut and fed to stock. The
bare corn stubble is disked or prepared for seeding with some
type of cultivator as early in the spring as the land is in suitable
condition for workine and is then seeded to spring wheat.

Another of the 200-acre ficlds has raised a crop of wheat the
previous year, and had been plowed as soon after harvesting
the wheat as the land was in suitable condition for plowing.
This field is fitted for sceding to oats at about the same time in
the spring as the field for wheat.

The third 200-acre field which had raised a crop of oats the
previous ycar is plowed or listed and planted to corn as soon as
the wheat and oat crops have been seeded. The planting and
the cultivating of the corn crop is all done during the intcrvai
between the sceding and the harvesting of the wheat and oats,
and the harvesting of the corn crop takes place after the har-
vesting and threshing of the small-grain crops have been finished.

SYSTEM 4

As will be seen later, it has been found that the relatively low
price for oata that prevailed during the years 1921 to 1925 made
this much the least profitable crop of the three (see Tables 30
and 31). It therefore is proposed that system 4 be used, which
is as follows:

The farm is divided into two fields of 300 acres each, upon
one of which a wheat crop is raised upon disked corn stubble,
and upon the other a corn crop is raised on plowed or listed
wheat stubble. The distribution of labor under this system
would be much the same as in system 3. There would be 400

acres of small grain and 200 acres of corn in system 3 and 300
acres of small grain and 300 acres of corn in system 4.

When a definito farm unit and definito farm prices
for ench of the crops grown are used it is found that
these and other factors not considered in the develop-
ment of the first working hypothesis have very pro-
foundly modified some of the relations between the
cffcctiveness of the farm systems under consideration.
This was forescen and briefly referred to on pages 19-20.
These factors have caused a reversal in the relative
effectiveness of continuous cropping and alternate fal-
lowing. It has, therefore, seemed desirable to change
their order in Table 29 and in the tables and figures
which follow, in which alternate fallowing gives lower
returns than continuous cropping. The fallowing data
are placed in a column at the left of continuous crop-
ping. This arrangement facilitates the plotting of the
results, as will be seen in Figure 75.

TaBLE 31.—Gross annual returns from 600 acres of cultivated land
under different rotation and tillage systems for the 6-year period
1921 to 1925 at 16 field staiions in the northern Great Plains area

[The annual returns shown in this table are all obtained by muitiplying the respective
unnual returns per acre given in Tabile 30 by 600

Groes annual returns from-—
8 m 1: | System 2: System 3: 8 m 4: Mean
Amute Continuous | Rotation 1— Aylﬁnnzo of
fullow and | cropping— | corn, whoat, | corn and :ﬂ““
Field stations wheat wheat and outs wheat  (APTM
turns
Per- Per- Per- Per- trsoy?.‘
cent- cent~ cent- cent- | tems
Valuel age (Value age | Valus| age | Value| age
of of of of
mean mean mean mean
1 2 3 4 5 6 7 8 9 10
Showing normal .
yiolds:
Moceasin. caooac . 30, 65/$9, 97($11,178( 112 127 $0, 801
Belle Fourche.__.. 81{10,026| 104 9,858 103| 112[ 9,601
Sherida-eocuaaoo. 87 9,006 100 9,432 104 109] 9,041
Mandan. . 77| 8,184 93] 9,498 108 1221 8,811
Dickinson. 77| 8,052 88} 10,308 112] 123 8,170
Williston... 76( 8, 052 97 9,002 108 1191 8,322
Lidgoley... 55l 7,776 05 0,630, 18] 3] 8,103
Ardmore.. 67| 7,014 04| 9, 486( 113 126] 8, 3
Huntley.. 19| 6,822 9z| 8,418 113 128 7,442
North Platte 0,78 94| 8736 108 1210 8,241
{ 8,330]_ ... 9, 556 8,721
L] D 1]0& ....... 122 ...
73| 7,374 112| 8,994 136 6,612
10| &, 5520 1w 7,746 128 6,072
861 b, 062 105 @, AN 128 6,20t
#o 6,072( 127 6,80 13| 4,778
93 5, 694 111 6,288 122 5,145
105 S, 526! 1 6, 112) 5,519
...... 8,1 7,00 .| 5570
Percentage rela-

tion, 6 sta-

[ATTTIT JN PO, 5 | IO [211] P, | R I— b P—
Grand total..... 5,040 7,078._.... 8,27, ... 9,267 7,539
Percentoge rela-

tion, 1§ stae

[ AT3T1 T R I | PO 12 ] DO AR 1) PO, | St | PO,

It must constantly be borne in mind that these figures
also leave out of consideration some important factors.
Gross production only is being considered. It may be
that when the cost of production is taken into considera-
tion these figures will be materially modified. It seems,
however, at this stage of the investigation that the mar-
gin in favor of rotation of crops is so large that it will
not be entirely obliterated. The real purpose of these
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investigations is to bring plainly before the reader the
many factors involved rather than to arrive at any
generalization that will fit all cases.

It will be remembered that the working hypothesis
postulated the relations between the vields per acre
[roin continuous cropping, nlternate fallowing, rota-
tions 1, 4, and 6 were 1.00, 1.06, 1.31 (Table 28);
whereas according to Table 31 the relations between the
gross farm income from 600 acres of land under cultiva-
tion would be from continuous cropping, 1.00; from al-
ternate fallowing, 0.76; and from rotation 1, 1.15, using
the figures froni stations with normal yields as given in
Table 31.

This does not seem to be a very close agreement be-
tween the first working hypothesis and the facts estab-
lished by 149 crop years of practical experience. These
discrepancies are due to the fact that in the first instance
the calculations were designed to show relations between
the relative efliciency of the different systems in yield
per aere of wheat and oats, expressed in eqnivalents of
bushels ol wheat alter making allowances for the differ-
ences in cost of production. Thus the differences in the
market prices of the different grains, the economic fea-
tures of the most efficient use of the capital invested in
the farm and its equipment, and the labor of the farmer
and his employees were disregarded. But in the second
case these latter factors have been taken into considera-
tion. Moreover, the relative costs of production of the
different crops grown under the different systems have
not yet entered into the hypothetical calculations, but
they will be considered later.

Table 29 was prepared from the detailed data for each
year for all the 16 ficld stations. It gives the average
yields actually obtained [rom wheat, oats, and corn
under continuous cropping and in rotation 1. Ior alter-
nate fallowing for wheat the yields given in Table 20 and
in the original data have been divided by 2 for use in

‘Table 29. This is done because the original figures
represent biennial yields instead of annual. Under this
system the farm is divided into two fields, one of which
is fallowed and the other cropped. The next year the
field cropped the previous year is fallowed, and the field
that was fallowed is cropped. Thus, each field raises
one crop in two vears.

Table 29 is divided into two parts. The upper por-
tion includes the 10 stations where, under continuous
cropping, the average acre yields of spring wheat ex-
ceeded 10 bushels and those of oats 24 bushels. The
lower portion includes the six stations where for reasons
heretofore explained the yields fall below this standard.
It therefore seemed desirable to keep these two groups
segregated in Tables 29, 30, and 31, and in Figure 76,
and to consider mainly the data from the 10 stations
where conditions were more nearly normal, using the
data from the other six stations for comparison.

Table 30 was developed from Table 29 by multiply-
ing the acre vields given in Table 29 by the respective
prices for each crop; namely, $1.137 per bushel for
wheat. $0.404 per bushel for oats, and $9 per ton for
total dry weight of corn.

The figures in columns 2 and 3 in Table 30 are cal-
culated from those in columns 3 and 4 in Table 29, and
those in colwnns 6, 7, and 8 in Table 30 from those in
columns 6, 7, and 8 in Table 29, in the order named.
The rigures in colwmn 4 of Table 30 are obtained by
taking the average of returns for oats, corn, and wheat
given in colunms 6, 7, and 8 of Table 30, and those in
cohnnn 5 are the averages of the figures given in columns
7 and X i Table 30.
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I'tgure 75 is a graphic presentation of tho data in
Table 30. 1n this figure the two groups are not segre-
gated as they are in Table 30, but the mean for cach
group is given, as well as that for the 16 stations collec-
tively. It will be seen that many of the differences in
the relative effectiveness of tho diflerent systems are
closely related to the relative returns from the diflerent
crops. Many other interesting comparisons can also
be made.

Table 31 has been developed from Table 30 by
multiplying all the figures in Table 30 by 600 and trans-
ferring the products to Table 31 in the same order in
which they appear in Table 30, thus presenting the
gross returns in dollars from 600 acres under the
different systems of tillage and rotations for each of the
16 stations and the average for each of the two groups
of stations.

Columns 6, 7, and 8 in Table 30 have been omitted
from Table 31, but column 10 in Table 31 has been
used to represent the mean of tho gross returns from
the four systems. The percentage of this mean is
given for each station and for each system, thus provid-
ing a means of direct comparison between the different
stations and systems such as was used in developing
the first working hypothesis.

Table 32 has been developed from Table 31, by
dividing the yields given in columns 4, 6, and 8 by those
given in column 2. This gives the ratios between al-
ternate fallowing, used as a basis and assigned a value
of 100, and the other three systems, namely, continuous
cropping, rotation 1, and alternate corn and wheat.

igures 76 and 77 are graphic presentations of the
data contained in Table 31. Figure 76, like the table,
is divided into two parts, representing, respectively, the
10 stations having average returns that are normnal or
above normal for all four systems (with three exceptions,
namely, Edgeley and Huntley for alternate fallowing
and Huntley also for continuous cropping) and the six
stations having returns below normal for all systems.

TaBLn 32.—Ratios beiween allernate fallowing and continuous
cropping and belween aliernate fallowing and rotation 1, and
between aliernate fallowing and aliernate corn and wheat at 16

Jleld stations in the northern Great Plains area

“[Alternate fallowing is taken as a basis for the comparison of the gross returns from

600 acres at prevailing prices for wheat, oats, and corn, computed from Table 31}

Yields from rotation 1 and (rom alternate
corn and wheat, each divided by yields
from niternate fallowing

Fleld stations— ¢
onlin- Alternate
m‘;ﬁ uous Rou:tlon corn and
cropping wheat
1 2 3 4 5
Showing normal yields:
M — . 1 1. 50 L3 1.06
Belle Fourche 1 130 1.27 1.39
Sheridan..._. 1 1. 14 1.20 1.25
Mandsn..__ 1 1.20 1.40 158
Dickinson. 1 1.14 1.46 159
Williston. _ 1 1.27 1.42 1.56
Edgeley... 1 1.74 2.15 2.4
Ardmore_.. 1 141 1.69 L8y
Huntley._.__. 1 1.32 1.63 1.82
North Platte. 1 1.20 135 1. 54
Average 1] 1.32 1.53 1.70
Showing subnormai ylelds: !
Scotts Blutl. ..o i 1 .92 1.41 .72
Akron.oeooooo... 1 1.59 170 201
Assinniboine. 1 1,02 1.24 1t
D481 7 J 1 1.35 214 o000
(64113 PP 1 1.25 1. 49 1. 67
Archer ... 1 1.26 1.21 1,35
AVETNRE. oo oo 1 L2 1.5 L7r
P T e SkieN R
rntd aVeTREe. oo aiaieeaan L 1.2 L33 LT
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The eturns tor the normal group are shown in i plex problem than the developing of the first and second

Figure 76 by solid lines, and those for the subnormal
group by broken lines for the individual stations and
also lor the respective means. A third mean is that for
all the 16 stations in the groups. There is a sufliciently
close parallelisin between these three means to warrant
the use of any one of them in determining the relative
eflectiveness of the dilferent systems, but when the
subject is placed upon a quantitative basis and ex-
pressed in doliars of gross returns from a farm of defi-
nite size (600 acres) the upper mean of the 10 normal
stations is the one that will provide the most reliabie
basis for calculations. Figure 77 is a graphic illustra-
tion of the percentages of mean returns as shown in
Table 31. There is no segregation of normal and sub-
normal as in Figure 76, but its mean agrees with the
third mean in Figure 76.

A SECOND WORKING HYPOTHESIS

The first working hypothesis having been shown to
work within certain restricted limits, it has led to what
will hereafter be called the second working hypothesis,
some of the limitations and restrictions of which will
now be considered.

Iixpressed in percentages of the gross returns from
the system of alternate Mmilowing, which are the lowest,
the following figures are obtained as shown in T'able
32, as the average ratios for the 10 stations with
normal yields: Alternate fallowing, 1; continuous
cropping to wheat, 1.32; rotation 1, 1.53; and alternate
corn and wheat, 1.70. These figures are very different
from those of the first working hypothesis, but they are
not inconsistent therewith, for they inciude some fac-
tors not included in the first, exclude some that were
previously used, and treat other factors in a different
wany. Tho first working hypothesis was based upon
yields per acre expressed in equivalents of bushels of
wheat, whereas the calculations now to be considered
are based upon gross returns per farm, calculated upon
the prevailing prices for the whole United States for the
5-year period from 1921 to 1925, inclusive, for wheat,
corn, and oats, respectively.

This hypothesis has to do with the crop-producing
capacity of the soils of the Great Plains, as represented
by the soils of the 16 ficid stations under consideration
in the northern Great Pluins, in reaction to the normal
meteorological conditions of the region and the different
systems of crop rotation and tillage methods applied
to the respective crops. It also involves the actual and
the relative market prices of the crops raised and the
actual relative cost of the production of the different
crops under the different systems. Furthermore, in the
case of corn stover and all other roughage, it involves
the transformation of these crops into livestock prod-
ucts that will sell at a price that will at least pay for the
cost of conversion.

It wasfound that the value of thefirst working hypoth-
esis consisted in its usefulness in developing a second
working hypothesis that would make possible the ecs-
tablishinent of the relative eflectiveness of the diflerent
systems in producing gross returns from a farm of
definite area. It is now apparent that the value of this
second hypothesis depends largely upon its usefulness
in developing a third hypothesis that will make possible
the establishment of the relative efficiency of the dif-
ferent systems of crop rotation and tillage methods in
producing net returns from the investment of capital
and from labor performed. This is & vastly more com-

hypotheses, for it involves many personal equations
peculiar to ench individual farm and farmer and his
family.  The number o combinations of ever-changing
conditions, such as {luctuations in the actual and rela-
tive prices not only of farm crops but also of livestoclk
products, taken in connection with the laws of supply
and demand of both farm products and labor, are be-
yond calculation. It is therefore obvious that no single
third hypothesis that will be applicable to any consid-
erable number of the countless combinations of condi-
tions can be developed.

It is believed, however, that the two hypotheses
herein presented will be useful to the individual farmers
who must meet and solve the problems that present
themselves from day to day and from year to year on.
each farm.

As shown by Teable 31 and Figure 76, the four sys-
tems of farming under consideration differ significantly
in the amounts of gross returns. Using ylelds from
alternate fallowing as a basis of comparison, and giving'
this system a value of 1, as has been done in Table 32,
the ylelds from continuous cropping would be rep-
resented by 1.32; from rotation 1, 1.53; and from
alternate corn and wheat, 1.70. IExpressed in dollars,
from a farm with GO0 ncres under cultivation, the re-
spective returns would be $6,397, $8,330, $9,556, and
$10,599. This is a difference of $1,933 between the
first and the second, $1,226 between the second and the.
third, and $1,043 between the third and the fourth.
The difference between the first and the fourth is
$4,202; and between the second and the fourth $2,269.

The amount of capital invested in the farm of 640
acres with its improvements, including the home of the
owner, are the same for all four systems, and the taxcs
on them will be the same. The capital invested in
implements and motive power (horses and tractors)
will differ somewhat. It will be least for system 1, as
only 300 acres of crop are sceded and harvested each
year, instead of 600 acres under any of the other three
systems. The difference in the cost of equipment
necessary for the production of the crops under these
four systems would not, however, vary in anything like
the same proportion as the variation in the gross in-
come. It i1s probable that instead of an increase in the
cost of equipment being 70 per cent, as between system
1 and system 4 when the gross incomes are conipared,
it would be nearer 25 per cent.

If a farmer elects to adopt either the third or the
fourth system, it will be necessary for him to increase
his capital investment, for he must provide pasture for
enough livestock to consume the roughage either from
200 acres of corn and 200 acres of oats if the third
system is followed or from 300 acres of corn if the fourth
system is chosen. He must also provide fences and
shelter for his stock, and silos for a portion of his corn
fodder, as well as some additional machinery. The
kind of stock kept and the way in which the corn crop
is handled will determine the nature and extent of
these additionnl investments. In many parts of the
Great Plains it is possible to rent unbroken prairie
land, lying adjacent to improved farm land, for the
taxes on the unbroken land. In such instances it
would undoubtedly be better to rent than to buy such
land, unless it can be bought at a price so low that the
taxes and interest will not exceed the actual rental
value of the land for pasture. (Good grazing land in
the northern Great Plains area can be rented for 10 to
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15 cents per acre, and there is no region of comparable
size in the 17 Western States that is as well suited to the
production of as good quality of grass-fed beef as is
found in western North Dakota and South Dakota
and eastern Montana and Wyoming. This seems to
indicate that grazing land in that region has a purchase
value of only about $2.50 per acre, which is much below
the price at which it is now being held.

How much land is necessary for grazing the live-
stock required to consuine all the coarse grains and
roughage produced on 300 or 400 acres of land? This
depends, of course, upon the character of the land and
the kind of livestock kept, and these would be different
for each farm. It would, therefore, be a waste of time
to speculate upon this subject at this time. .

The extra buildings necessary for sheltering the live-~
stock and storing the roughage for feeding can be pro-
vided at a low cash outlay by utilizing prairie sod, poles,
and wheat straw for shelters, and trench silos for storing
corn fodder, at least until the enterprise reaches a stage
when better buildings can be constructed from the
profits of the business.

In planning and also in operating a diversified grain
and livestock farm, it would be well to treat the crop
production and the crop conversion or livestock sec-
tions as separate enterprises as far as practicable. That
is to say, a farmer operating such a farm should be at
any time in position to meake a rough estimate of the
relative profitableness of the two branches of the busi-
ness. He should be able to make a fair estimate of
what it cost him to produce the feed for the livestock,
and he should credit this amount to the crop-produc-
tion branch and charge it against the livestock branch
The gross cash returns f{rom the crop-production
branch would be represented by the receipts from the
sale of wheat, and returns from the livestock branch
would accrue from the sale of livestock products.
These two items should be kept separate, but together
they will constitute the gross income from the farm.

xpenditures should likewise be recorded in such
form as to enable the farmer at eny time to make a
rough estimate as to the money incoine and outgo.
The groupings of expenditures should include the
following: Family living expenses; hired help; invest-
ment, interest, and taxes; equipment and repairs.
An inventory of the livestock and equipment should
aiso be kept.

The object sought is to enable the farmer to maintain
a balance between his income and his outgo, or if he
can not keep them in balance to know how much out
of balance they are and why. In operating a combined
grain and livestock farm he should also be able at any
timne to make a rough estimate as to whether the two
branches of the business are in balance with each other.
He must, in short, be constantiy on the alert, watching
for leaks and constantly striving to so coordinate all
the activities ol his organization as to yield the highest
net returns either in cash, in the increased value of his
investment, or in the general well-being of the organi-
zation as a whole. There must be a mutual give-and-
take relationship between the family interests and the
business interests of the farm.

After having adopted the system of rotation and til-
lage that scems best adapted to any particular farm,
farmer, his [amilv, and the local environment, including
soil, climate, and marketing conditions, probably the
[actor most likely to necessitate [requent readjust-
meunts of the farming system is the fluctuation in the
market prices of all [arm products, both crop and
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animal. Stable conditions of these factors can not be
expected; an unstable equilibrium and the ability or
the part of the farmer to make prompt readjustmen:
to meet changing conditions is all that can be hoped for
It is believed that the facts recorded and the suggestion:
offered in these pages may be of some assistance to him

THE AMERICAN FARM HOME AND THE LABOR
PROBLEM

It is in the item of labor that the most complex farm
problem occurs. If all the labor on the farm could bc
hired at fair wages just when it is needed it would be ¢
very simple problem to estimate the relations betweer
labor cost and gross income, but such conditions do not,
and should not, exist on any farm. A farm should b
primarily a home and secondarily a place where all the
members of the farmer’s family may find gainful em-
ployment for such portion of the time as circumstances
may permit throughout the entire year. Hired help
is also usually much more satisfactory when employed
by the year. These considerations lift the problems oi
farming out of the manufacturing class and elevate them
to a class by themselves. No two families are alike, and
no one family remains the same for any considerablc
length of time.

_ Every farm home is a stage upon which there is a con-
tinuous performance. The entire range of dramatic
performance is covered: Tragedy, comedy, farce, and
burlesque follow one another in never-ending succession.
The actors are the farmer, his wife and every other
member of his family, and the farm help. They provide
the brains, the brawn, and the inspiration for the entire
fa enterprise; and the nature of the drama they
enact influences every living thing on the farm and
leaves its impress upon many inamimate objects.

It is hoped that the two working hypotheses may
assist the stage carpenter in setting the stage, but the
analysis has now reached a point showing that the
hypotheses no longer work. The actors alone can
determine what the play will be.

In attempting to estimate the cost of any given farm
system, or the accomplishment of any object, one must
have some standard of comparison in order ‘to evaluato
correctly the capital used, the labor performed, or the
time consumed by any human being, animal, implement,
or machine. Of course, there are no absolute standards
with which any of these things can be compared and
evaluated. All that can be hoped for is to make a few
tentative comparisons that may serve to indicate some
relative values.

_ This is not the proper place to sentimentalize farm
life; our literature from Vergil down to Hamlin Garland
18 overtlowing with it. No phase of farm life has been
overlooked, irom the best to the worst. It is, therefore,
axiomatic that in no other business does sentiment exert
so strong an influence as in farming. This fact can not
be ignored in considering any of the problems of cost
of production of farm products; nor should it be for-
%otten_ that human lives and human happiness can not

e estimated in dollars and cents. - '

The sentiment that impels a large proportion of every
civilized race to desire to own farms, to establish homes,
and to rear families upon the farms has been one of the
most powerful forces in civilization. It might well be
called an instinct, for it is so closcly associated with the
instinets of scll-preservation and the perpetuation of the
species that it is diflicult to disassociate it from them.
Considered together, they constitute, for many people,
the strongest incentives in life. Greater sacrifices have



heen and will continue to be made in their defense than
in defense of any other sentinent or instinct known to
humanity.

THE PROBLEM OF MARGINAL PRODUCTION

Leaving out of consideration, for the present, the
farm products that are put on the market which have
been produced at a loss to the producer, owing to the
fact that either yields or prices, or both, are below the
average, every year enormous quantities of all kinds of
farm products are grown which the producer knows
beforehand will yield him no direct profit. Producers
of this class are mainly sentimentalists, although many

. of them would not recognize themselves as such. They
include all sorts and conditions of men, from millionaire
business men with country estates to the peasant farm-
ers of Europe, Asia, and Africa, the latter eking out a
miserable existence upon some small patch of land that
they have inherited from their ancestors.

Then there is another class of producers who are not
actuated by sentimental notions. Their motives are
strictly utilitarian, They raise some particuiar crop,
knowing that it will not in itself yielg them a direct
profit, but believing that it will indirectly benefit them.
Perhaps winter wheat is as good an example as any of
this practice. Over extensive regions in the United
States the yields of winter wheat are not sulflicient to
insure a profit, but where the profitable products are
corn, hay, and livestock, it has been found that by sow-
ing winter wheat upon corn stubble and seeding down the
land at the same time to clover and timothy, or some
other grass, the farmers can get a small return from the
winter wheat without interfering with the corn-grass
rotation. If they .did not raise winter wheat, they
would receive no return whatever from the field during
the year of its conversion into a meadow or pasture.
An unprofitable winter-wheat crop is better than no
Crop.

IIr)x the northern Great Plains area it has been found
profitable to introduce an unprofitable corn crop be-
tween two wheat crops, because the increased profits
from the wheat crop following corn will more than com-
pensate for the loss on the corn crop. Many other like
instances could be cited to show that practically all
staple crops have to meet the competition of large
quantities of that particular commodity, or of substi-
tutes for that commodity which are produced without
any direct profit to the producer.

When manufacturers have to meet the competition
of by-products froimn other factories, they usually find
means of adjusting, evading, or overcoming such com-
petition, through their organizations; but the farmers,
who are not organized and who have no such control
over either the production or the distribution of their
products, are not likely to find any such remedy.

A manufacturer with his factory and a given quan-
tity of raw material, and the necessary labor available,
at the beginning of the year can make a very close esti-
mate of just how much finished product he can turn
out during the vear, what it will cost him, and what he
can sell it for in order to realize a given profit per unit
of his product. ]

A farmer on the Great Plains, with his farm, his equip-
nient, his seed, and his supply of labor and provisions
for the year, can not at the beginning of the year esti-
mate with any degree of probability within 100 per cent
below the average or 250 per cent above what his output
will be. His cost of production per unit of his produect
and the price nt which he would have to sell it to realize

a given profit are equally uncertain. He must simply
trust to luck and the weather as to the quantity of his
product, and what he will receive per unit of such crops
as he may happen to produce will depend upon world
prices. (See Table 7, p. 75, Miscellaneous Circular
No. 81.)

Table 33 has been prepared from the data heretofore
presented in these pages and from statistics published
in the Yearbook of Agriculture for 1926. It is so ar-
ranged as to show very plainly the conjoint effects of
fluctuations of the price and the yields of wheat and
oats. The average acre yields of wheat in the Great
Plains for the 16-year period were 1.4 bushels higher
than for the United States as a whole, and the acre
value was $1.28 higher. Although the yields of oats
were also very slightly higher, 0.2 bushel, the acre values
were 58 cents lower. This is due mainly to the fact
that the price of wheat during the five years from 1916
to 1920, inclusive, was above the average for the 16-year
period. The acre yields of wheat in the Great Plains
area for that 5-year period were 13.8 bushels, which is
2.1 bushels below the average for the 16-year period.
The price for oats was not as much higher during the war
period as was that of wheat, and it extended over but
four years, 1916 to 1919, and acre yields were 25.6
bushels, which is 6.7 bushels below the average for the
16-year period. As aresult of these conditions the acre
value of wheat on the Great Plains for the war period
was $24.29, which is $5.52 above the 16-year average,
whereas the acre value of oats for the same 5-year war
period was $16.06, which is only $1.95 above the 16-year
average. This is only one of many comparisons that
may be made to show what queer pranks the fluctua-
tionsof pricesand yields can play with profits in farming.

TABLE 33.—Price per bushel and acre yields and values of wheat,
oats, and corn in the United Stales for the 16-year period 1909
to 1924, compared with wheat and oals at 16 field stations in the
northern Greal Plains area for the same years
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It was found impracticable to include the yields of
corn in the Great Plains arca in this table, owing to the
fact that the corn yields include the stover as well as
the grain, while no comparable data are available for
the United States as a whole.

Figure 78 is a graphic illustration of the data con-
tained in Table 33. The upper portion shows the
rclations hetween the yields per acre, expressed in
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bushels per acre, of wheat and oats in the Great Plains
and the corresponding yields in the entire United
States.

The lower portion illustrates the relative values per
acre, as given in Table 33, for the United States and
the Great Plains.

A careful study of Table 33 and Figure 78 will not
only reveal the complexity of the problems of crop
rotations but it will also assist in explaining some
seeming anomalices,

Perhaps the most impressive feature of this table
and its accompanying illustration is the remarkable
similarity of the average results obtaired at 16 north-
ern Great Plains field stations and for the entire United
States. These respective data were, of course, ob-
tained independently of each other, and were never
before brought together for comparison. The data
for the 16 field stations are much more accurate than
those for the whole United States, for they represent
actual measurements of hoth the land and the crop,
while those for the United States are what they purport
to be, crop estimates. On the other hand, the enor-
mously larger number of the estimates, as coinpared
with the actusl deterninations, give the estimates
a higher relative value than the actual determinations.
The result of this comparison is to inspire greater
confidence in both sets ot figures.

INSURANCE AGAINST TOTAL FAILURE OF CROP

Many advocates of summer-fallowing lay great
stress upon the insurance features of this practice. It
is true that danger of complete crop failure when
sununer-fallowing is practiced is less than with con-
tinuous cropping, but it is far from being what can
be called insurance. It is at best but a slight reduc-
tion of the hazard. A crop following summer-fallow
may be as completely destroyed by hail, disease, or
insect pests as one grown by continuous cropping or
in rotations.

Table 34 has been prepared from the records of the
Office of Dry Land Agriculture and shows what has
been the experience in this respect in the Great Plains
area for 149 crop years, with three crops and three
systems, amounting to 1,341 independent determina-
tions. It is self-explanatory. It shows the number of
seasons when the yields of wheat, oats, and corn fall
below the point of possible profit in their production,
at each station for each of the three crops, as grown
under each of the three systems, (1) continuous crop-
ping, (2) alternate fallowing, and (3) in rotation 1.

1f the percentages of practical crop failures are sub-
tracted from 100 in each instanee, it shows that under
continuous cropping the crop yiel(i above the standards
set for each crop was 70 per cent for wheat and oats
and 94 per cent for corn; for alternate fallowing it was
89 per cent for wheat and oats and 96 per cent for
corn; and for rotation 1 it was 77 per cent for wheat,
75 per cent for oats, and 94 per cent for corn.

For rotation 1 the average of the three crops would
be 77+75+94+3=82 per cent, and for alternate
wheat and corn it would be 77+94-+2=86 per cent.

MISCELLANEOUS CIRCULAR 81, U. S. DEPARTMENT OF AGRICULTURE

TABLE 34.—Number of years in which wheat yielded less than
bushels, oats less than 10 bushels, and corn less than 1,000
pounds tolal weight at 10 field stations in the northern Greal
Plains area, for each of three sysiems of farming, with percentuges
Jor each station, crop, and system

Number of | Number of | Number of
years in years in years in
which wheat | which oats | which corn
yielded less | yieided less | yielded less
than 5§ than 10 than 1,000 | =
bushels hushels pm:mls 2
— - nder — 3
Fleld statlon and comparison factors under under u =
<
2,02 |~ 2.2 |~ [BuWl® |~ 2
2fa 28|e FE(E =
355z £ |25cE( 8 Z52E( 5\ ¢
Ea=ol S |(RalE=8 |Sak2 S n
z8|23| 2 |32|2¢8| & ‘gg.‘!& 2|g
CelETIR S5F |2 S°5 |8 -
Moceasin:
g I 3[2) 2] 3| 2{3]0l0]0h
Percentage. wiu|ujw|uwjizj o 0| off
Belle Fourche:
1 ¢ TP 6 21 5] ) 2] A} 2 1 TN K
POrCOUARO o oo oo aaaae ||| sy
Sheridan:
car. 20 0] 21 2 L 2 1 1 LN 9
Percentage. 2 0o|2|2|lu|j2{n|junfily
Mandan:
Years 4| 3| 3| 4] 0| 3| 0| 0} 0| 12
POrCeNLARO- o e eoeceeveaememmmas 33 (25125(33| O 25 |eaee|oac]-aacif 7
Dickinson: .
RIS 1T U RPN al 1| 3| 7] 2| 4 1] 1 { } 19
Pereentage. 511837 |11 (21| 5] 5| 5
Williston:
Years. .. ccececeennan 13 5] 1| 4] 0| 0O }11
Percentage. 8(271|45] 9368 ..l _.o]eaal
Edgeley:
YL T 50 1] 4| 4 13/ 0 0] 0f,
Percent8g®. ooncmuoaoe i meeenas 31| 6125125 6|19 | |-eac|-aal|)
Ardmore: -
Years o ccceaaes 5( 2] 31 4 3 4| 2 1 1 }1.,
Percentsge. -..ocooeociimeaaaes B|15|23 |31 (2331 |15] 8] 8 -
Huntley:
Y Onrs. o eeimaaiaes 3] 2 3¢ 41 2] 3| 2 1 31 14
LS Lo v s YN attelati2oflel2t el 7els
North Platte:
COPS. oo ceeeeccem—am—————- 6 28| 7| 2| 7|1 { [T
Percentage_ - ... coeeocinaao. 22t0|3213711w (37 51 5| 5|
Total years...... ....coccuenen- 44im|a4145|m 7| 91 6] 90,
Average percentage. ... ..c....._. 13011 2330![[125 6 4| 6|4

It is therefore obvious that the chance of obtaining
an average yicld above the standard for alternate wheat
and summer-fallowing would be 89 per cent; whereas
for the three crops, wheat, oats, and corn, in rotation 1
it would be 82 per cent; a ratio of 89+82 gives 1.09
per cent in favor of alternate fallowing; and with alter-
nate wheat and corn the ratio would be 89-+86=1.03
per cent. As an offset against these greater hazards
of 9 and 3 per cent, respectively, there arc the increased
gross returns of 53 and 70 per cent, respectively. (See
Table 32.) Moreover, the additional livestock which
would be owned by the farmer under cither of the
rotation systems would in itself be a much better safe-
guard against total failure of crops than summer-
fallowing. Sufficient winter feed for the livestock
should be carried over from year to year, so as to insure
an income from that source suflicient to f{eed the
{farmer’s family even in years of total failure of crops.

It is therefore obvious that the summer-fallowing
system as an insurance against total loss of crops is u
myth, while crop rotation and livestock are realities.

It is rather difficult to understand why anyone should
advocate or practice summer-fallowing for wheat in a
region where corn can be grown as successfully as it
can be in the northern Great Plains arca. Of course,
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FIGoRE 78.—Diagram illustrating Table 33, glving the acre yields (above) and acre value (below) of wheat and oats for the United States
and for 16 northern ureat Plains field stations. The acre value of cora is also given for the United States but not for the Ureut Plains
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the growing of corn in this region involves also the
keeping of suflicient livestock to convert all the rough-
age and the corn grain into animal products of some
kind. But that ought not to be an obstacle in the way
of the agricultural development of the Great Plains.
It is true that it requires more capital to finance a
grain and stock farm than is required for a 1-cro
srstom of grain raising. But, on the other hand, hoth
the cash capital and the mmanagerial ability invested in
a grain and livestock farm are much more profitably
and continuously employed. It is a much safer busi-
ness, and labor 1s 1more economically and continuously
employed.

Possibly sentiment may have something to do with
the raising of wheat on summer-fallowed land. Any
farmer likes to raise big crops. Ie gets much more
satisfaction out of watching a 30-bushel crop of wheat
grow than to watch a 20-bushel crop, but under a sum-
mer-fallow system he has only half as many acres of
crop and the 30-bushel crop may cost, and probably
does cost, more per bushel to raise than the 20-bushel
crop.

COMMENTS AND SUGGESTIONS CONCERNING CROP
ROTATIONS AND TILLAGE METHODS IN THE GREAT
PLAINS AREA

The men who have conducted these investigations
had no pet theories which were to be demonstrated.
1f they had proved nothing, they would not necessarily
have failed. They have certainly established certain
facts and certain relations between these facts that must
be recognized in any intelligent study of some very
important farm problems. These facts are hereby
made available to the general public, and the preceding
analysis and discussion of these facts have demon-
strated some of the complexities of the problems in-
volved in the present agricultural situation. The
statistical data wﬂ.ich follow will add to the complexity
of the problems, but they also furnish additional material
for studying them.

The writer is fully aware of the fact that his treat-
ment of the material may not be the best that might
be developed. Most readers will doubtless agree with
him upon this point. The inadequacy of the treatment
of the material by the writer therefore requires no
further discussion. What is needed is better treatment.
It is & subject that lies close to the foundation of our
American civilization and is worthy of consideration
by the best minds of the country. 1t is the hope of the
writer that it may receive such consideration.

Crop rotation 1s an essential feature of the agricul-
tural development of the Great Plains if the American
farm home is to be preserved in that area.

Corn is the most important crop in the rotation in the
northern Great Plains. It is also one of the most
difficult to correctly evaluate. This is due mainly to
two causes. It is very erratic and discordant in its
reaction to changes in soil and climatic conditions when
compared with wheat and oats. 1t must be fed on the
farm where it is produced. This introduces the factor
of its profitable conversion into animal products.
These investigations have demonstrated its place and
its value in the rotation. Its profitable conversion is
n problem for the study of practical stockmen and
investigators of animal industry.

The problems of tillage and the preparation of the
seed bed are so dependent upon local and seasonal
soil and climatic conditions that they must be left
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largely to the individual practical farmers for ultimat
solution.

1t should be borne constantly in mind that one of th
most important objects sought by the rotation of croy:
and by tillage methods is the prevention of the growt,
of weeds. Whatever system of farming is adopted, if
success or failure will depend largely upon how efl
ciently it prevents the loss of soil water by the growt
of weeds. This is a local and seasonal problem tha
must be met and solved by the fariner under condition
existing at any particular time and place. 1n fact, th
entire problemn of the tillage of row crops is usually th
problem of weed destruction. Any cultivation ol rov
crops in excess of that necessary to provent weed growt!
is usually a waste of time and labor. 'The time an
method of preparing the seed bed for all crops is als
largely a matter of the control of weed growth.

Elthough the adoption of a rotation system whicl
includes & corn crop is indicated as the most profitabl:
by the resuits of these investigations, it is obvious tha
such a system can not, for various reasons, be adopte
by all farmers in the Great Plains area. The knowledg:
o¥ the relations of the different systems of farming t.
one another and to the gross returns that can reasonabl-
be expected from each, however, should be of value t.
anyono interested in the agriculturnl development o
the Great 1’lains area.

The agricultural problems of the United States ar
becoming recognized as among the gravest problem
now before the American people. Their solution wii
require the combined efforts of the most able sociol
ogists, economists, {inanciers, and statesinen, as well a
that of the agriculturists.

It seems impossible that the present disparity betwee:
the prosperity of the people engaged in agriculture an:
those engaged in 1nanufactures and commerce cai
continue for any great length of time. How they ar
to be brought into equilibriumn is a problem that doe
not come within the scope of these investigations
There are, however, certain probabilities that, for th.
purpose of these investigations, may be considered a’
certainties. Among these are the following: Th.
United States of America will have a permanent agri
culture for many generations to come. The agricultur:
of the Great Plains will incrense in national importane
as time goes on. 'The agriculture of the future mus
rest upon a far firmer scientilic basis than that of th.
past or the present. Pertinent fncts are essentinl ns 1
basis for scientific reasoning. These pages contain :
record of facts pertinent to the agricultural developmen
of the Great Pln.ins such as can not be found eisewhere
‘This record is becoming more valuable every year tha-
these investigations are continued. DBefore facts em
be utilized they must be interpreted and analvzed
Methods of interpretation and analysis must be devel-
oped from which generalizations can be made. It i
hoped that the generalizations herein presented will b
of some value. 1t is still more confidently helieved tha
the methods of interpretation and analysis used wil
prove of great value, even though it be only to show
how the facts ought not to be used. Of the value o
the facts presented there can be no reasonable doubt
It is hoped that these facts will be fully utilized Ly
other investigators, and that both the methods and the
generalizations of the writer will be frankly and freely
criticized. The problems of crop rotation are much
more complex than is generally realized, and but little
scientific work has been done upon them,
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