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Preface

The planning of the volumes of this series is a highly educational
experience for the editor, who solicits and receives many suggestions
from his colleagues on the Advisory Board and other agronomists. It
impresses on his mind the breadth and vigorous development of the field
of agronomy, and the diverse interests and accomplishments of those
who can be called agronomists, or who work in ancillary fields. With
this, Volume V, there will have been published more than forty articles,
no two of which cover the same ground. Along with many additional
subjects yet to be treated, it is our intention to return to some of these
forty topies in later volumes in order to present progress reports on the
most recent advances.

In this volume the only new departure is the inclusion of a review of
somewhat unusual length, recounting authoritatively the history of the
establishment of a major erop in the United States. This crop, wheat,
occupies, and has always oceupied, a vital place in our national economy
and in world trade. At times, as now, there is a domestic surplus; at
other times there may be a shortage in world markets; at all times the
real need for wheat by the world’s population prdbably far exceeds the
supply. Much of it is grown in regions where substitution by other
crops is not feasible and in the face of natural hazards that may result
in crop failure. By many the adequacy of the domestic supply of wheat
is too readily taken for granted. The agronomic advances that have
been made with this crop have been less generally recognized and pub-
licized than those with some lesser crops. It is, therefore, salutary to
look backward as well as forward in this case in order to see the distance
that has been traversed, as well as the paths that lie ahead. This has
been done by Dr. Salmon and his colleagues for the U. S., and by Dr.
Mc¢Kibbin and Dr. Goulden for Canada. Taken together, these con-
stitute a comprehensive account of wheat and wheat improvement on the
North American continent.

Equally complete, but in a wholly different field, is the review on
weathering of minerals, which is the primary and most basie natural
phenomenon in soil genesis. It might be argued that this is hardly
agronomy, a debate which will not be entertained here. Without ques-

vi
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tion, the inherent fertility of soils and hence their productivity stems in
great measure from the nature of the parent minerals and the type and
extent of the weathering processes.

The policy of surveying the agronomic trends in individual countries
is continued in this volume by the inclusion of a review of the pattern of
agronomy and horticulture in Canada. It is anticipated that one article
of each volume will be of this character.

A. G. NormMAN
Ann Arbor, Michigan

September, 1953
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I. INTRODUCTION

A little over fifty years ago Sir William Crookes (1899), President
of the British Association for the Advancement of Science, created a
mild sensation in the United States and startled his own countrymen by
warning them of the ‘‘deadly peril of not having enough to eat because
wheat production could not keep pace with the increase in population.”’’
‘It is almost certain,’’ he said, ‘‘that within a generation the ever-in-
creasing population of the United States will consume all the wheat
grown within its borders and will be driven to import, and like ourselves,
will seramble for a lion’s share of the wheat crop of the world. The
details of the impending catastrophe no one can predict, but its general
direction is obvious enough.’”” The president of the British Association
was not an alarmist and many authorities agreed with him. One in par-
ticular, John Hyde, chief statistician for the United States Department
of Agriculture, stated (1899) among other things that ‘‘for general agri-
cultural purposes the public domain is practically exhausted and that
consequently there can be no further considerable additions to the farm
area of this country is too well established to be the subject of contro-
versy.’’

Allowing nearly a generation for error in timing, it is now clear that
these warnings were at least premature, for the United States instead of
importing wheat has supplied its own normal needs and produced a large
surplus for animal feed, alcohol, and food for her allies, and conquered
countries during and after the most devastating war known to mankind.
Neither Crookes nor Hyde saw, nor could they have been expected to
have anticipated, the tremendous effect that research has had on the
capacity of the United States to produce wheat. This is common knowl-
edge today but the details are not well known. Some account of them
should be of general interest and also of some value should there be, as
some believe, a continuing need for all the United States can produce.
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II. AcCREAGE, YIELD PER ACRE, AND PrODUCTION IN THE UNITED STATES

1. Production Trends

In the five years ending in 1898 the United States produced 596,000,-
000 bushels of wheat as compared with 1,200,000,000 bushels for the five
years ending with 1948, an increase of 604,000,000 bushels or slightly
more than 100 per cent. The increase is due both to more acres and to
more bushels per acre, as may be seen in Fig. 1, which shows the average
acreage, production, and yield per acre by census years or by ten-year
periods beginning with 1839. These graphs show that in spite of a
marked increase in acreage generally brought about by extension into
more hazardous and less productive areas, the average yield per acre has
not only been maintained but has increased. If the tendency to exag-
gerate yields per acre in the early days, as noted by Malin (1944), was
generally true, the actual increases are greater than those indicated here.

The harvested acreage and total production have increased almost
constantly since 1839. This increase is due mostly to the westward ex-
tension of wheat into new farming areas from the Atlantic Coast into
western Maryland, Pennsylvania, and New York, thence across Ohio,
Indiana, and Illinois into eastern Iowa and southern Minnesota and
reaching the eastern part of the Great Plains about 1900. Wheat produec-
tion began in the Far West before the middle of the nineteenth century
and rapidly expanded after the discovery of gold in California in 1849.
Ball ef al. (1921) have given an interesting account of this westward
march of wheat. Since 1900 (Baker, 1931) much of the expansion has
been into drier and more hazardous areas; this expansion was made pos-
sible by technological improvements such as development and use of
farm power and improved machinery, better methods of culture, better
varieties, more effective control of disease, insect, and weed pests, and
by a better knowledge of the relation of the wheat plant to its environ-
ment. A significant feature of this development has been a great re-
duction in the number of man-hours required to produce a bushel of
wheat.

Minnesota, which at one time was one of the leading wheat states,
now grows scarcely one-fourth as much wheat as fifty years ago and
Iowa one-eighth as much. Kansas, on the other hand, grows five times
as much, Nebraska twice as much, and Montana and Texas a thousand
times as much. Oklahoma, which grew practically no wheat before 1895
and less than 1,000,000 acres in any year previous to 1898, produced
an annual average crop in excess of 70,000,000 bushels during the past
ten years. Most of the increase in Kansas, Nebraska, Texas, and Mon-
tana is on land that produced no wheat previous to 1900. Acreages have
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algo increased considerably in North Dakota and in the Pacific North-
west, especially in Idaho and Washington, generally into drier and less
productive areas. The California acreage and production are only about
half what they were before 1900,

The curve of Fig. 1 showing yields per acre is of special interest
because yields per acre are often used to measure or indicate technolog-
ical improvements. They are reasonably good indices in countries in
which acreage remains fairly constant or where the productivity of the
new acreage does not differ materially from the old. They may be mis-
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Fig. 1. Production of wheat in the census years 1839, 1849, 1859, and 1869 and
average acreage, production, and yield per acre by ten-year periods in the United
States from 1870 to 1949.

leading, however, in a country such as the United States, where the
acreage has greatly increased into areas where the conditions for growth
are quite different. If an improvement reduces cost per acre, thereby
permitting a larger expansion on less productive land, average over-all
acre yields may actually be reduced.

The primary objective of the United States farmer has been to grow
more bushels at a minimum of cost and inconvenience. He takes con-
siderable pride in growing a good crop, but he is vitally concerned with
large yields per acre only to the extent that it contributes to his net in-
come. The profit from wheat relative to that of other crops also has a
marked influence. If a new variety or & better cultural method results
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in larger yields per acre, it may mean that wheat can be grown at a profit
on less productive land. Given reasonably high prices or prospects of
such prices, the natural tendency is to increase production. A decrease in
crop acreage such as has taken place in the eastern United States may
mean a larger proportion of wheat on better land and hence larger over-
all yields per acre, even though there may have been no improvement
in technology.

The fact that yields per acre are based on harvested and not seeded
acres should also be considered. In some years much wheat was seeded
that was not harvested, as shown in Fig. 2. The abandonment was espe-

60
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F16. 2. Acreage of winter and of spring wheat seeded in the United States but
not harvested.

cially heavy during the drought years 1933-1937, when the average ex-
ceeded 20,000,000 acres or 28 per cent of the seeded acreage. Abandon-
ment of winter wheat was heavy in 1912 and 1928, largely because of
winterkilling in Ohio, Indiana, and Illinois; in 1917, because of winter-
killing in Nebraska and Kansas; and in 1925, because of winterkilling
in Washington, Oregon, Montana, and Texas.

Finally, it should be noted that the environmental conditions under
which wheat is grown today are different from those of fifty years ago,
even in the same areas. In some cases soil fertility has declined and in
many cases there has been an increase in insect, weed, and disease pests,
in accordance with the well-known principle that concentration and con-
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tinuation of a particular crop favors the pests peculiar to that crop.
Research unquestionably has aided in keeping these under control; with-
out research, acreages and yields per acre would probably be less than
they were in 1898.

The decline in yields per acre from 1900-1909 to 1930-1939 shown
in Fig. 1 is due largely to expansion into drier areas of the western
Plains and to the unprecedented drought during the mid-thirties. The
marked per acre increase for the 1940-1949 period, on the other hand,
was due in part to more favorable weather, to better varieties, to more
extensive use of fertilizers and pesticides in some sections, and to more
timely operations made possible by mechanization. Favorable prices
during this period, which permitted and encouraged the use of technolog-
ical improvements, and better informed farmers as compared with earlier
periods are some of the other factors that should be recognized. It is
not possible on the basis of available information to evaluate these var-
ious factors separately, but some evidence of the importance of particular
ones will be presented later.

Figures 3, 4, 5, and 6 give similar information for the principal wheat
states in the southern Great Plains, in the northern Great Plains, in the
Eastern States, and in the Pacific Northwest, respectively. Each of
these areas is relatively homogeneous as compared with the United States
as a whole.

a. The Southern Great Plains. Yields per acre in the southern Plains
have been relatively constant in spite of an enormous expansion in acre-
age into western Kansas, Nebraska, Oklahoma, and the Panhandle of
Texas. These are arcas which up to about World War I were generally
considered too dry to produce wheat economically. A period of unusu-
ally high precipitation from about 1905 to 1915, aided and abetted by
real estate promoters and other enthusiasts, stimulated an extensive in-
flux of settlers and homesteaders into these drier areas. Many of them
failed because the information on which a sound agriculture could be
based was completely lacking, as we now know.

b. The Northern Great Plains. Excepting the ten-year period ending
in 1949, yields per acre have declined almost constantly in the northern
Great Plains, owing (1) to expansion into drier areas west of the Mis-
souri River and (2) to increasing damage from stem and leaf rust, from
scab, and from weeds in the eastern half of the area. The severe drought
of the mid-thirties plus a severe stem rust epidemic in 1935 and extensive
damage from leaf and stem rust in 1937, 1938, and 1941 are primarily
responsible for low yields during those years. Both the northern and
southern Plains have been favored by above-average rainfall during the
past ten years. However, Heisig et al. (1945) have shown that yield
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per acre trends in North Dakota and in Kansas for the period 1920-1945
are definitely upward even after they are adjusted for precipitation and
temperature effects. The indicated increase for Kansas during this pe-
riod is slightly more than 2 bushels per acre and that for North Dakota,
about 4 bushels per acre. An important factor in the northern Plains
is the relative freedom from damage by stem rust since 1940.

¢. The Eastern States. In the eastern United States the acreage of
wheat has constantly declined to but little more than half that of the
peak period, 1880-1889. Yields per acre have constantly increased.

350 25
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1866-69 1870-79 1880-89 1890-99 1900-09  I910-19  1920-29 1930-39 1940-49
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Fic. 5. Average acreage, production, and yield per acre of wheat in the East-
ern States for 1866 to 1869 and by ten-year periods from 1870 to 1949.

partly as a result of growing wheat on the more productive land while
reverting the poorer land to pasture and timber. Baker (1937) showed
a marked decline in the acreage of all harvested crops in the eastern
United States, especially from 1919 to 1928. Johnson (1929) also men-
tions elimination of much of the poorer wheat land as one of the reasons
for the increase in yields of wheat in Pennsylvania. Lamb (1932, p. 15)
has shown that in Ohio wheat now occupies a smaller per cent of the
improved land than formerly. Wheat in the Eastern States is grown
almost exclusively in rotations with other crops. As Lamb (1932)
pointed out, the adoption of a rotation system of farming, and then of
longer rotations involving more spring grains, resulted in a decrease in
the wheat acreage. The constant and very material increases in yields
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per acre in the eastern United States has been due principally to more
fertilizers, better varieties, and more timely operations made possible by
power machinery.

d. The Pacific Northwest. Figure 6 shows the acreage, production,
and yields per acre in Washington, Oregon, and Idaho. Acreage in-
creased constantly until 1920-1929 and then leveled off at slightly less
than 5,000,000 acres. Yields per acre are relatively high, partly because
most wheat in this area is grown on summer fallow. Yields per acre
gradually increased up to 1930-1939, and much more rapidly thereafter,
owing in part to more favorable weather and also to a considerable de-
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F1a. 6. Average acreage, production, and yield per acre of wheat in Washington,
Oregon, and Idaho for 1866 to 1869 and by ten-year periods from 1870 to 1949.

gree to better varieties produced during this and earlier-periods, and
to better cultural methods.

e. Development of the Durum Wheat Industry. The durum wheat
industry of the United States has been developed almost entirely since
1900. According to Carleton (1900, p. 19) a few thousand acres were
grown before that time in Texas and still are, although the amount is
insignificant in relation to the total. Also a small acreage was grown in
North Dakota from seed brought in by Russian emigrants at least as
early as 1893 (Shepperd and Ten Eyck, 1902). At the present time
more than 85 per cent of the durum wheat is grown in North Dakota,
principally in the eastern part of the state, west of the Red River Valley,
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but extending into western Minnesota and northeastern South Dakota.
The principal advantage of the durum wheats is resistance to the races
of leaf and stem rust that prevailed previous to 1950 and an ability to
outyield common wheats in the durum area.

According to Ball and Clark (1918) durum wheat was first intro-
duced into the United States in 1855 but never took hold, largely because
it lacked a market and partly perhaps because it was tried only in the
Eastern States, where it is not adapted. The early development of the
industry was due largely to the initiative and vision of M. A. Carleton,
cerealist of the United States Department of Agriculture, who made a
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Fia. 7. Average acreage, production, and yield per acre of durum wheat in the
United States by five-year periods from 1920 to 1949.

trip to Russia in 1898-1899 and again in 1900 and made a thorough study
of the durum wheat production in that country. He was greatly im-
pressed with the similarity of the climate and soil of this area to that of
the Great Plains of the United States and recommended the growing of
durums in the latter area. Ile was particularly impressed with what he
believed to be their drought resistance, and accordingly recommended
them for the drier portions of the Great Plains. He states (1901, p.
11): ““They stand foremost among all wheat crops in their excellent
adaptation to heat and drought.”” In a map of the United States pub-
lished in 1900, he pictured the durum wheat area as comprising north
central Texas, western Oklahoma, and extreme southwestern Kansas. In
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a later map (1901, p. 20) the recommended area extends in a wide belt
comprising most of the Great Plains from Mexico to the Canadian border.
As we now know, durums are not so resistant to heat and drought as
many adapted common wheats. They produced slightly higher average
yields than the common spring wheats in the drier areas, but the differ-
ence was not enough to offset the difference in market price. Carleton
recognized their leaf-rust resistance but considered this relatively un-
important. He did not realize that they were also resistant to stem rust
until after the severe and widespread epidemic of stem rust in 1904.

250

W HARD RED SPRING

DURUM

200

180

100

COST PER BUSHEL(CENTS)

50

-7,

7. 2 8 RN 74
1931-35 193640 194i-45  1946-50

190305 1906-10 ll'l5 191620 192125 lszer

YEAR
Fie. 8. Average prices of hard red spring and durum wheats at Minneapolis,
Minnesota, for 1903 to 1905 and by five-year periods from 1906 to 1950. (Prices
for hard red spring wheat are for No. 1 Northern Spring, and for durum, No. 2
Amber Durum from 1903 to 1933 and No. 2 Hard Amber Durum from 1934 to 1950.)

Official estimates of the acreage and production of durum wheat as
distinet from hard red spring wheat were first made for North Dakota,
South Dakota, and Minnesota in 1909 and for the United States as a
whole in 1919. Carleton (1901) estimated that probably 75,000 to
100,000 bushels were produced in 1901, and Ball and Clark (1918) state
that about 50,000,000 bushels were produced in 1906. The acreage, pro-
duction, and yield per acre from 1919 to 1950 are shown in Fig. 7.

Acreage and production, it will be noted, reached a peak in the pe-
riod 1925-1929 and then declined sharply to about half of the maximum,
principally because of a marked price differential in favor of the com-
mon spring wheats. Another important fact, as pointed out by Waldron
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(1947), was the development of early-maturing, rust-resistant, high-
yielding common spring wheats beginning with cERES, eliminating most
of the advantages enjoyed by durum wheats. The prices were much less
for durum than for common spring wheat until about 1911, then nearly
equal up to and during World War I, followed with a decline soon after
the war, as shown in Fig. 8. Since 1930 the price of durum has been
about equal to, or above, that of hard red spring wheat.

The relatively low yields per acre during the 1930-1934 and 1935-
1939 periods were due largely to unfavorable weather. The higher yields
for the 1940-1944 and 1945-1949 periods were due to more than usually
favorable weather and to the absence of severe damage from stem rust.

2. The Preresearch Era

Mr. William White has suggested that if one wants to study capital-
ism one of the best ways is to go where there isn’t any. Much can be
learned about research in the same way. Since wheat production before
the present century in what are now the principal producing areas was
largely without benefit of research, a study of this period should be in-
formative. Malin (1944) has provided useful background information
for such a study in his agricultural history of four counties (Riley,
Geary, Dickinson, and Saline) in east central Kansas, and much addi-
tional information is available in the reports of state boards of agricul-
ture and agricultural experiment stations of the various states, in the
reports of the United States Department of Agriculture, and in the farm
press. Kansas is an especially fertile field for study because it is now
the leading state in wheat production, because it was one of the first
of the states of the Great Plains to be settled, and because the problems
of the early Kansas wheat grower were at least as numerous, as impor-
tant, and as difficult of solution as those of any other state.

a. Early Developments in Kansas. According to Malin, wheat was
grown in castern Kansas as early as 1839, when 100 acres near Topeka
were harvested. It was seeded near Junction City, about 140 miles west
of Kansas City, in the fall of 1855, and increased rapidly thereafter in
the surrounding territory. Settlers coming to Kansas brought seed sup-
plies, implements, and the methods and philosophies that prevailed in
the country from which they emigrated. Most of these were poorly
adapted to the new environment. Some adjustments or changes were
made quickly, but others came about very slowly.

Slow but powerful oxen broke much of the prairie for the earliest
settlers, but horses and mules were soon substituted for them. The trac-
tor was not used for land preparation until well along in the present
century. Broadcasting the seed was a common practice; as we now
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know, this must have resulted in many heart-breaking disappointments
because of poor stands and winterkilling. It was not until about 1869
or after some fifteen or twenty years of experience that farmers were
sufficiently convinced of the advantage of drilling to ship in a substan-
tial number of drills. Considerable wheat seems to have been broadcast
even as late as 1880. Soft winter wheat and spring wheat, the latter at
first predominating, were the only kinds grown. Both are much more
susceptible to injury by rust, and the soft winter wheat is more easily
winterkilled than are the hard red winter varieties generally grown now
or even than were those that were common at the close of the century.
Losses from rust and winterkilling were severe (Malin, 1944). Experi-
mental evidence secured in recent years indicates that the soft winter
varieties then grown yielded no more than two-thirds as much, and the
spring wheat no more than one-third or one-half as much, as the TURKEY
wheat grown somewhat later. But nearly twenty-five years’ experience
was required to induce farmers to abandon spring wheat and nearly
thirty years elapsed after the introduction of TURKEY wheat before
farmers generally were convinced that it was better than the soft win-
ter wheats. Contrast this with recent Kansas experience in which three
varieties, PAWNEE, COMANCHE, and WICHITA, almost unknown to Kansas
farmers in 1944, occupied 71 per cent of the acreage in wheat in 1952;
or with the spread of THATCHER in the northern Great Plains from a
nominal 20,000 acres in 1935 to nearly 12,000,000 acres in the United
States and 5,500,000 acres in Canada by 1941.

Little was known about the best preparation of the land or time of
seeding in the Great Plains or about the control of rust, smut, grasshop-
pers, chinch bugs, and Hessian fly. Time of seeding was a debatable
question as late as 1920. It still is, though to a very minor extent as
compared with fifty to seventy-five years ago. Much wheat was sown
too early and winterkilled. This caused reaction to the other extreme,
which also resulted in winterkilling or a late harvest and in more than
average injury from rust, drought, or high temperature. Much of the
wheat dried out before winter because it had been seeded on land that
had not been prepared until near seeding time, and the remainder often
produced low yields because the growth of weeds between harvest and
seeding had used up the available moisture and nitrates in the soil. Sub-
stantial improvements in tillage were made from time to time, but there
was no concerted effort to prepare the ground immediately after harvest
until about the second decade of the present century. Experiments by
the Kansas, Nebraska, and Oklahoma Experiment Stations showed very
material advantages from early soil preparation, and the advent of the
tractor made this possible.
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Losses from winterkilling were frequent and severe before the present
century. Malin states that abandonment of winter wheat acreage ranged
up ‘‘to 75 or 80 percent and probably oftener than not was 25 and 50
percent.’”’ This, no doubt, was due to failure to get stands, to drought,
grasshoppers, and Hessian fly as well as to freezing during the winter
or early spring. He mentions winterkilling specifically as having been
recorded in nineteen of the forty-five years between 1855 and 1900. It
certainly has not occurred in anything like the same proportion of years
since 1900 to a sufficient degree to attract notice in the farm press or
official reports. MeColloch (1923) has noted eight outbreaks of Hessian
fly in Kansas up to 1916, six of which oceurred previous to 1900 and
each of which was generally more widespread and severe than the one
that preceded it.

Malin mentions damage from rust in five of the forty-five years, stem
rust in two years, and kinds not specified in others. Remembering that
late-maturing, rust-susceptible varieties of spring wheat comprised an
important part of the acreage up to about 1880 and that rust-susceptible
varieties of soft winter wheat made up most of the remainder until about
1900, it seems probable that rust caused more frequent damage than is
here suggested. Carleton (1896, p. 498) mentions the ‘‘blasting effects’’
of rust, principally stem rust, in the ‘‘Southern latitudes,”” and states
that wheat growing in vast areas of Texas had been abandoned on ac-
count of rust. Although Carleton mentions Texas specifically, he cer-
tainly had Kansas in mind, considering that one of the principal
objectives of a breeding program inaugurated there in 1899 was to pro-
duee rust-resistant varieties.

The shift to hard winter wheat also resulted in an improvement in
quality, including plumper grain higher in test weight and yielding
more flour per bushel. Malin cites data compiled by McFarland of the
United States Department of Agriculture for the years 1876-1883 in
which test weights ranged from 53.1 to 57.3 and averaged 54.6 pounds
per bushel. The areas represented by these data are not known, but it
appears that test weights of wheat have been much improved. The
average test weight of hard red winter wheat inspected at Kansas City
for the years 1923-1932 was 59.1, and the least for any year (1923)
was 57.1.*

b. Early Wheat Growing in Nebraska. In Nebraska spring wheat
predominated until after 1900, and winterkilling of the soft winter wheat
was even more severe than in Kansas.

* ¢¢Grain Inspectors Letter’’ June 17, 1933. Grain Division, Bur. Agr. Econ.,,
U.S. Department of Agriculture.
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Some measure of the benefit derived from the general culture of
TURKEY wheat in Nebraska after 1900 is afforded by comparing its aver-
age yield with that of spring wheat at the North Platte Station in west-
ern Nebraska. During the twenty-eight-year period ending in 1939, as
reported by Quisenberry et al. (1940), winter wheat yielded on the aver-
age 20.6 bushels as compared with 14.3 for spring wheat, a gain of more
than 44 per cent. At Lincoln, in eastern Nebraska, the corresponding
gain for a thirty-one-year period is 14.2 bushels or 96 per cent.

¢. Early Wheat Growing in the Northern Great Plains. Wheat pro-
duction got off to a better start in the northern Great Plains than in the
states to the south. The new settlers were fortunate in having FIFE and
BLUESTEM, varieties that were reasonably well adapted. Winter wheat
was winterkilled so completely in most areas there was no temptation
to grow it, and late-seeded spring wheat was so obviously inferior that
early seeding soon became the prevailing practice. Broadecasting was
more successful than in the winter wheat belt because soil moisture usu-
ally was adequate at seeding time. Diseases (excepting bunt) and in-
sects appear to have been less destructive than in the southern Plains
and also less than since 1900. Weeds were not an important factor on
the new lands until near the end of the century. Settlement of much
of the drier, consequently more hazardous, areas west of the DMissouri
River did not occur until after the close of the century.

Stem and leaf rust; foot rots, scab, and most other diseases appear
to have been relatively unimportant in comparison with later periods,
and stem and leaf rust less important than in the southern Great Plains
in the same period. Apparently the only severe widespread rust epi-
demic in this area previous to 1900 was in 1878, as reported by Hamilton
(1939). Bunt was important, since Carleton (1896, p. 496) states that
the ‘‘millers complain of it constantly,’” and Gussow and Conners (1927)
state with reference to a contiguous area in Canada that ‘‘previous to
1900 bunt was alarmingly serious and threatened to be a limiting factor
in wheat production.’”” Wheat scab apparently was not serious in Min-
nesota and the eastern Dakotas until after corn became an important
crop, mostly after 1900. Methods for treating seed for the control of
bunt were known and, though less effective and convenient than those
now available, were used when the losses became too great.

Probably there was some improvement in varieties resulting from the
selection of pure strains such as POWER from RED FIFE, and IIAYNES BLUE-
STEM or MINN. No. 169 from BLUESTEM between 1885 and 1900 (Clark
and Bayles, 1942; Stoa, 1921 ; Hays and Boss, 1899; Atkinson and Don-
aldson, 1916; and Champlin, 1914). PpresTON, introduced from Canada
in about 1895, was not grown extensively before the close of the century.
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The improved varieties could not have had any great effect until after
1900 because distribution of the seed was not general until late in the
century.

d. Developments in the Pacific Northwest. The first wheat known to
have been grown in the Pacific Northwest was raised on Vancouver
Island in 1825 (Swenson, 1942). The discovery by Hendry (1931) of
remnants of club varieties, similar to those grown in modern times, in
adobe houses constructed between 1700 and 1800 indicates an earlier
date for California. Production both in California and in the Pacific
Northwest increased after the California gold rush of 1849, and again
in the Pacific Northwest after the discovery of gold in British Columbia
and Montana in the 1850’s, but did not really get under way on an ex-
tensive scale until sometime after ecastern Washington, eastern Oregon,
and northern Idaho, known as the Inland Empire, was opened up to
settlers by the building of the railroads in the 1880’s. Production in
Utah and southern Idaho, though never great in relation to national sup-
plies, began in the early 1880’s but was not of much significance other
than locally until after the close of the century.

arly settlers in the Inland Empire attempted to crop the land each
year, but the yields were so low that alternate cropping and summer
fallow soon became the general practice (IHunter et al., 1925). Horses
and mules were used for power; the grain was cut with a header and
either stacked or hauled directly to the thresher. Except in the Walla
Walla area the combine was not introduced into this section until after
the end of the eentury. Wheat raising in the Inland Empire began with
two- and three-horse teams, but these were soon replaced with larger
and larger outfits., Standard equipment consisted of eight-horse or ten-
horse teams pulling three-bottom plows, with occasionally twelve- to
twenty-horse teams hitched to larger or multiple units (IIunter, 1927)
(Fig. 9).

Production depended mostly on soft white spring varieties, usually
sceded in the fall, often ‘“with disastrous results when a cold winter oc-
curred’’ (Gaines, 1941). These were mostly LITTLE cLUB in the Palouse
(eastern Washington), rAciFic BLUESTEM in the Big Bend country, and
RED CHAFF in the area between. The late-maturing variety JENKIN was
grown to some extent near Walla Walla, Washington, and Pendleton,
Oregon.

The winter varieties RED RUSSIAN, GOLDCOIN (FORTYFOLD), and JONES
rire made their appearance in the late nineties. They later became
locally important but too late to make any significant contribution before
the end of the century. All were very suseeptible to stinking smut or
bunt, a point of great importance later, and GoLpcoIN and JONES FIFE
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shattered badly. Stephens and Hyslop (1922) have estimated the annual
loss from shattering of goLpcoiN in Oregon at 2 to 3 bushels per acre.

In 1899, W. J. Spillman of the Washington Station made the first of
his famous crosses, which later contributed so much to the welfare of the
Pacific Northwest. Iis stated objective was to produce winter-hardy,
stiff-strawed, nonshattering prolific varieties. None of the progeny was
available for distribution until after the turn of the century.

So long as farmers grew spring wheat and seeded it in the spring,
bunt or stinking smut was kept under control by seed treatment. This
was no longer effective with the change to fall seeding of spring wheat

Fig. 9. A combined harvester—thresher drawn by thirty-two horses in a wheat
field near Moro, Oregon, in 1914.

and later to winter wheat near to and after the close of the century be-
cause of the survival of smut spores in the soil. This illustrates one of
the most underrated phenomena in agriculture: the introduction of new
and unsuspected problems with changes in agricultural practices.

e. Wheat in California. The possibilities of growing wheat on a large
scale in California seem to have been first realized about 1860. Large
tracts of land in the interior valleys secured at a nominal price afforded
the basis for a rapid expansion beginning in about 1870 and continuing
for some twenty or thirty years. Individual farms often comprised
20,000 to 30,000 acres. In choosing methods of culture the aim was to
keep costs at a minimum rather than to obtain large yields per acre.
The ground was plowed shallow, and seed was sown broadcast and cov-
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ered by harrowing. Often a broadecast seeder was attached behind the
plow and a harrow behind that so that plowing, seeding, and harrowing
were all accomplished at one operation. The poorest grain of the pre-
vious year often was used for seed (Blanchard, 1910). Weeds increased
because of careless methods, and ‘‘grew rampant throughout the region’’
before the end of the century. Because of the weeds and low rainfall,
summer fallow every third year and finally every other year soon be-
came the dominant cropping system. Even the summer-fallowed land
was often ‘‘exceedingly foul’’ because of careless or improper methods.
The header and stationary thresher were used at first for harvesting and
threshing the crop; the large combines drawn by a twenty-eight- to
forty-horse team or by a steam engine (Fig. 10), for which California

Fia. 10. A steam-powered, combined harvester—thresher such as were use in
California in about 1890.

became noted, were adopted about 1880. Before the end of the century,
California led the world in the use of labor-saving machinery. Though
no figures appear to be available, it is doubtful if more wheat had been
raised per man-hour of labor anywhere in the world up to that time.

Wheat production in California has from the first depended on spring
varieties, sceded, however, in the fall or early winter. They are not only
sufficiently resistant to cold to survive the mild winters, but their up-
right, vigorous growth was soon found to be advantageous in competing
with weeds. LITTLE CLUB, PACIFIC BLUESTEM (Or WHITE AUSTRALIAN),
SONORA, and PROPO were the principal varieties.

Previous to 1900 any improvements in per acre yield resulting from

a choice of better varieties and from the increasing use of fallow prob-
ably were more than offset by the increase in weeds.
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f. Wheat Growing in the Eastern States. Wheat production in the
eastern United States began along the Atlantic coast about 1618, pushed
westward with the settlers, and crossed the Mississippi River by 1840.
It was then grown in every state east of the Mississippi that now pro-
duces any significant amount. From then on the acreage increased
steadily and rapidly until about 1880, then leveled off to the end of the
century, after which there has been a considerable decline. Yields per
acre appear to have increased between 1 or 2 bushels per acre from 1866,
the first year for which data are available, to 1900.

Production began with primitive methods and erude implements.
Land was plowed or stirred with a wooden plow with steel strips on the
mold board, seeded largely by hand, eut with a sickle or cradle, and
threshed with a flail or by tramping by animals. The cradle was not
introduced until about 1800. The steel plow came into use about 1833,
the simple reaper about 1830, the self-rake reaper about 1850, the wire
binder about 1865, the twine binder about 1880, and mechanical thresh-
ers about 1850.

The first varieties came from northern and western Europe with the
early settlers. Of the few known varieties that were grown during the
eighteenth century, RED MAY, GOLDCOIN, PURPLESTRAW, and MEDITER-
RANEAN survive today, though they are probably not precisely the same
as when introduced. During the later part of the nineteenth century
there was much interest in bringing in new varieties from abroad; this
indicates that there was an interest in improvement, and later in making
selections and in crossing. Ball (1930) has reviewed these contributions,
and there is no need to repeat them here.

In the Bastern States research undoubtedly played a more important
role in wheat production before 1900 than it did in the western United
States. The agricultural colleges and experiment stations of Connecti-
cut, Pennsylvania, Ohio, Illinois, and Michigan not only brought the re-
search findings of the Old World to the new country but contributed
many of their own.

There were many private experimenters and much of the informa-
tion, especially as regards fertilizers and land management, derived from
Bouissingault’s experiments in France, from Liebig’s laboratory in Ger-
many, and from the Rothamsted Station in England was brought to the
United States and adapted to the somewhat different environment. It is
significant that this could be done with far greater success than could
the results of experiments in the eastern United States, of a later date,
be translated into useful deductions for the Great Plains. This is because
the eastern United States is much more like England and France than
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it is like the Great Plains. Nevertheless, it is reasonably clear that pro-
gress during this period was relatively slow.

On the whole, it seems safe to conclude that there was considerable
improvement in methods of wheat production in the United States pre-
vious to 1900. Perhaps the outstanding features of the period are the
slowness with which improvements were made in most cases, the relative
simplicity of those that were made without benefit of research, and those,
such as the introduction of TURKEY wheat, that were made without con-
scious effort to do so.

3. The Propaganda Era

Superstition and wishful thinking had a place in the thinking and
literature of the eighteenth and nineteenth centuries, the importance of
which it is now difficult to appreciate. Potatoes often were planted ac-
cording to the phases of the moon. A farmer was much more likely to
consult his almanac than the experiment station (when there was one)
to determine when to sow wheat, corn, or other crops. Many believed
in changing seed instead of improving what they had. The rain maker
had his following in every unusually dry year. Real estate agents and
promoters in general fostered the belief that the climate was changing
for the better and that rainfall would increase with the plow, the build-
ing of dams to hold water, and the planting of trees. Shelter-belt and
rain-making enthusiasts of our own day could, no doubt, add to their
repertoire of ideas by searching the files of old newspapers of the period.
Not the least of the benefits we now enjoy as a result of research is the
partial release from the superstitions, propaganda, and wishful thinking
of this period.

Chandler (1942) has referred to the first ten or fifteen years of the
present century as the propaganda era in agricultural education. These
were the days of the dust muleh, deep plowing and dynamiting, corn
shows, ear-to-row methods of breeding corn, improvements of small
grains by mass selection and by continuous selection, harrowing winter
wheat in the spring to conserve moisture, ALASKA and MIRACLE wheat
and other phenomenal varieties that would produce maximum crops
with one-fourth or less the usual quantity of seed, ete. One of the most
publicized of these was the combined recommendation of deep plowing,
subsoiling, or dynamiting, and use of the soil or dust muleh. According
to a popular version the soil must be loosened to a considerable depth
to permit penetration of plant roots and of water, and it must be culti-
vated after every rain to prevent capillary movement of the moisture to
the soil surface, where it would be lost by evaporation. The soil was
compared to a cistern, the capacity of which depended on depth of plow-
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ing and in which loss of water must be prevented by a cover, the dust
muleh. One writer, more dramatic than accurate, admonished the farm-
ers as follows: ‘‘Cultivation!, Cultivation!, and more cultivation must
be the ery of the dry farmer who battles against the water thieves of
an arid climate.”’

It was not known, or the facts were conveniently ignored, that both
roots and moisture penetrate unstirred subsoil; that water sometimes
enters unplowed land faster than it does plowed land; that capillarity
pulls water downward with as much force as it does upward where there
is no water table, as in most of the Great Plains; that plowing 8 or 12
inches deep may be expected to cost four and nine times as much, respec-
tively, as plowing 4 inches deep; that deep plowing and subsoiling in
experimental plots had failed to produce any material increases in yield ;
and, finally, that finely pulverized soil blows.

The soil mulch theory, which was promoted mostly in the Great Plains
and the intermountain area, had its counterpart farther east in the corn
shows. Originally inaugurated for the laudable purpose of increasing
interest in corn improvement by selection, they probably did as much
harm as good by promoting the belief that selecting uniform ears with
deep kernels would increase the yields, whereas experiments later showed
that shallower, smooth types were more productive,

The agricultural experiment stations, which had scarcely got on their
feet, were caught in ‘an embarrassing position. Several had reported
experimental results that did not support the current propaganda. But
these experiments were not numerous and had been conducted for only
three or four years, and the presumably anomalous results could be
explained by differences in soil type or by other unusual circumstances.
Most of the main stations were located in areas of fairly high rainfall
not typical of the dry-land areas, and branch stations, especially in the
more hazardous areas, were just being established. If the stations took
a less vigorous stand against some of the propaganda of the times than,
as it now seems, would have been desirable, it should be recalled that
they had but little experimental evidence to support any opinions they
might express. Besides, all was not propaganda; there was an element
of truth in much that was said and written, and it was much easier and
more popular to accept plausible cures for obvious problems than to con-
vince legislatures of the need of spending good money for sound research.
It was not until results from the well-planned and well-executed experi-
ments in dry-land agriculture conducted by the United States Depart-
ment of Agriculture in cooperation with the various state agricultural
experiment stations became available that excessively deep plowing, sub-
soiling, dynamiting, and the dust mulch were no longer recommended.
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Current propaganda has gone to the other extreme—it is now folly to
plow at all—but it has little effect as compared with that of the earlier
period, because there is so much experimental evidence to refute it. We
may have dust storms again, perhaps rivaling those of the early decades
of the century or those of the dry 1930’s, but if so it will be mostly be-
cause measures known to be effective will not have been used.

4. The Modern Research Era

Although agricultural research had considerable effect on wheat pro-
duction in the eastern United States during the nineteenth century, it
had very little effect on that of the Great Plains and of the Far West
until after the close of the century. The state agricultural experiment
stations got under way immediately after the passing of the Hatch Act
in 1887, but time was needed to acquire land, construct buildings, as-
semble staffs, make plans, and accumulate data. It was then known al-
most as well as it is now that dependable recommendations relating to
growing erops could not be made on the basis of only one or two years
results, and that results secured at one place could not be safely applied
to all areas even of the same states. This called for the establishment
of branch stations, of which there are about 200 at the present time, and
in addition many states have outlying fields which differ from branch
stations mainly in that their scope and activity are much more restricted
and in that they are often temporary. Neither branch stations nor out-
lying fields were numerous until after the first decade of the present
century.

It was during the first and second decades of the century that Men-
del’s laws began to be applied generally to the improvement of wheat
and other crops. The rediscovery of these laws had placed a powerful
tool in the hands of plant breeders, but they needed time to learn
how to use it and to forge supplementary tools. Plant pathologists still
depended on natural epidemics to study plant diseases instead of produc-
ing artificial ones when and where they were wanted and under con-
trolled conditions. The existence of physiologie races of bunt, rust, and
other disease organisms had yet to be demonstrated. Instead of selecting
corn by the score card or by the ear-to-row method we now have hybrid
corn, credited with adding 700,000,000 bushels or more each year to the
production of this important cereal. Instead of mass selection of small
grains we have new varieties that combine the merits of several, pro-
duced by the experiment stations and distributed to growers through
various state crop improvement associations.

Although it is therefore an oversimplification of facts to designate
the period 1910-1915 as the beginning of the modern research era, it can
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be justified on the basis of convenience since it was during this period
that research assumed a more and more important role in agricultural
production.

In attempts to improve crops either by cultural methods or by breed-
ing, yield per acre was the measure of success most generally recognized
at the beginning of this era. Quality of the product was occasionally
considered. These are still important objectives, but more and more it
is being recognized that yield and quality are end results and can be
achieved more certainly and efficiently by considering the individual
genetic and ecological factors that govern them. Also it is recognized
that other characteristics such as tendency to shatter, to lodge, to winter-
kill, and to germinate in the shock, and susceptibility to disease are often
as important as is yield. Recognition of these relations has led to more
basic studies of diseases and insects, methods of controlling them, and
means of producing artificial epidemics so that they may be studied
more effectively and resistant varieties and selections more easily iden-
tified. It suggests the need of more basic knowledge of the ecologieal
factors governing adaptation, a study, however, for the most part left
to the future.

An important feature of research with wheat during the last fifty
years is the development of cooperative coordinated research programs
between state experiment stations in more or less homogeneous regions
and the United States Department of Agriculture. Probably the first of
these, which, however, was limited in scope and very informal, were the
comparisons at stations in the Great Plains of durum and other varieties
of wheat introduced from Russia and other foreign countries. The first
extensive coordinated program was initiated by the Office of Dry Land
Agriculture, United States Department of Agriculture, in cooperation
with various states in 1906 to study cultural methods and erop rotations
in the Great Plains. A coordinated cooperative breeding program for
spring wheat in the northern Great Plains was inaugurated in 1928, a
similar one for wheat in the western United States in 1930, and one for
hard red winter wheat in 1930. A uniform winter-hardiness nursery for
the Eastern States was set up in 1932 and later expanded to include yield,
quality, resistance to diseases, and other characteristics of varieties of
wheat of interest or importance to the region. A later development was
the establishment of the wheat-quality laboratories, of which there is one
for each of the four principal wheat regions, the primary functions of
which are to investigate wheat-quality problems and evaluate the quality
of new varieties produced by breeders. Results from all stations par-
ticipating in a planned cooperative experiment are made available to
each cooperator in mimeographed annual reports. Certain experiments,
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but not all, are conducted uniformly at all stations or groups of stations
in each region each year.

ITI. ImPROVEMENT IN CULTURAL PRACTICES

The culture of wheat has been improved as a result of (1) advances
in cultural practices, (2) improvement in equipment, and (3) increase
in fundamental knowledge that helps determine the best practices for a
given set of conditions. These improvements are interrelated, and their
effect on production is a combined one. Knowledge of an improved prae-
tice is of little use to one unable to carry it out. Better and improved
equipment permit many practices that would not have been feasible fifty
years ago.

1. Early Cultural Practices

Wheat growing in the Eastern States was fairly stable even at the
beginning of the century. European experience adapted to the area by
cut-and-try methods plus experimental results at several state experi-
ment stations were reasonably good guides to practice. On the semiarid
lands of the Far West, a winter-rainfall region, wheat was grown largely
by a system of alternate fallow and wheat beginning about 1870.

The situation was quite otherwise in the Great Plains. The drier
portions had experienced several waves of partial settlement followed by
depopulation, the latter usually due to a combination of drought and
grasshoppers, plus unadapted cultural practices. Tillage practices were
chiefly those borrowed from more humid sections, and there was no uni-
formity of opinion regarding the ones that should be used or, in fact,
whether the area should be farmed at all. Each wave of settlement had
left a remnant of scattered farmers who adapted themselves to the area
and made a living, most frequently by a combination of farming and
livestock production. The last great wave of settlement, prior to the
turn of the century, was in the late 1880’s, when most of western Kansas
and much of eastern Colorado was homesteaded. More favorable rain-
fall in the late 1890’s and in the early years of the twentieth century
induced another great wave of settlement that proved to be relatively
permanent. Most of the remaining arable land in the Great Plains was
settled by farmers during the period from the late 1890’s to 1915.

The tillage implements available in the United States at the end of
the century were chiefly the moldboard plow, disk harrow, and spike-
tooth harrow. Disk plows were used in some heavy sticky soils but were
not popular. The lister was also used somewhat as a tillage implement
for wheat in the central and southern Plains region. The spring-tooth
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harrow, subsoilers, and spring-tooth cultivators were just beginning tv
assume prominence. Knife implements, generally homemade, were com-
ing into use for the maintenance of fallow. But the choice of implements
available to the individual farmer was very limited.

2. Improved Practices in the Eastern States

In the eastern United States wheat was grown almost exclusively in
rotation with other crops, and cultural practices for wheat depended as
much on these crops as on the needs of the wheat itself. Much wheat
was grown after corn and was either seeded in the standing corn or on
disked land after the corn was removed or shocked. Where wheat fol-
lowed oats the land was generally plowed, and the desirability of plow-
ing far enough in advance of seeding to provide a well-settled weed-free
seedbed was recognized at an early date. Timing of the operation was
usually fixed by the labor required on other crops. Much the same is
true today, although in recent years great improvement has been effected
by the speeding up of all farming operations through mechanization,
permitting work on all crops to be done at nearer the optimum time.

Since the beginning of the twenticth century, wheat yields have been
increased by the use of more small-seeded legumes in rotations, and by
allowing legume or grass-legume mixtures to oceupy the land for more
than one year. These longer rotations reduce the total acreage of wheat
but improve the acre yield.

Extensive date-of-seeding tests throughout the area have bheen most
useful. Seeding dates that will avoid serious damage by the Ilessian
fly in most cases have been worked out by entomologists for all of the
principal wheat-growing states (Call et al., 1916; Baker and Mathews,
1952). Delays much later than the fly-free dates often result in reduced
yields. Mechanization of farm operations has speeded land preparation
and seeding so that most wheat can be sown on well-prepared seedbeds
late enough to avoid fly injury but within the period when optimum
yields can be obtained. Rates of seeding wheat were fairly well worked
out through experiments many years ago, and improvements through ad-
justed rates have been minor.

The last to be mentioned but not the least important means of im-
proving wheat yields in the Eastern States has been through increased
use of lime and fertilizers. Wheat benefits from the fertilizer applied
to it directly, and also from the residual effects of fertilizers applied to
other crops in the rotation. Nearly every state is conducting experi-
ments both on quantities to use and on the time and method of applica-
tion on all of the principal soil types and within the principal climatie
zones within its borders. The quantity that can be profitably applied
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depends partly on the relationship between the price received for wheat
and the cost of fertilizer. A relatively favorable price relationship in
recent years has encouraged use at higher rates than previously, but the
limit of profitable application to the wheat crop of the Eastern States as
a whole has not yet been reached.

3. Improved Practices in the Far West

The major improvements in practices in the Far West have consisted
in better methods of handling fallow, substitution of other crops for
fallow in limited areas where the yearly rainfall permits the profitable
growing of legumes in rotation with wheat, and the use of more ferti-
lizers.

a. Methods of Preparing Fallow. Improvements in the methods of
preparing fallow and in maintaining the fallow have been especially im-
portant. Although there was an extensive background of farmer experi-
ence in handling fallow, experimental evidence relating to the relative
advantages of the different systems that were advoeated or to the reasons
were lacking until near the end of the sccond decade of the present
century.

In the absence of reliable information, early recommendations by the
state experiment stations were made on the basis of farm experience and
of what seemed to be reasonable. As is usual in such circumstances, how-
ever, there were many differences of opinion, and recommendations
often disregarded the conditions to which they were to be applied. Disk-
ing soon after harvest and plowing in the fall were almost universally
recommended. Maintenance of a muleh throughout the summer that
the land was in fallow was also recommended, but the danger of leaving
the soil too fine soon was recognized (Severance, 1909). Such imple-
ments as the knife cultivator and the goosencck slicker, which Kkilled
weeds without pulverizing the surface, were developed early. There was
also some recognition of the fact that cultivation sufficient to kill weeds
was all that was required, and that special practices were necessary on
land subject to blowing.

Enough experimental results frop dry-land stations in Oregon, Wash-
ington, and Utah had accumulated by the early twenties so that depend-
able information was available (Stephens ¢t al., 1923, 1932). The results
from different locations were remarkably uniform in indicating no ben-
efit from any tillage, regardless of type, beginning the year that the
crop was harvested. But preparation early in the spring of the fallow
year is imperative if maximum yields are to be obtained. Typical re-
sults reported by Stephens et al. (1923) and by Hunter (1927), showing
the effect of time of plowing at three stations, are presented in Table I.
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TABLE I

Effect of Time of Plowing for Fallow on Yields of Wheat at
Three Stations in Oregon, Washington, and Utah

Average
Station and yield,
time of plowing bu./acre
Moro, Oregon, 1914-1925
Fall plowing
Dry in early fall 27.2
Wet in late fall 24.2
Spring plowing
April 1 30.4
May 1 28.0
June 1 23.1
Lind, Washington, 1918-1925
Fall plowing
Dry in September 9.9
Wet in November 10.5
Spring plowing
Mareh 1-10 12.4
April 10-20 12.0
May 20-21 9.5
Nephi, Utah, 1916-1921
Fall plowing
About October 10 24.5
Spring plowing
Early 24.2
‘When volunteer plants were 6 in. high 20.9
When volunteer plants were in early bloom 16.9

In all cases the land was kept free of weeds by cultivation after plowing.
The results emphasize the drastic reduction in yield that results when
fallow operations were not started until late May or early June. It also
was found that plowing could be delayed considerably without serious
reduction in yield if the land was disked or otherwise cultivated in the
early spring. Harrowing or packing the land after early plowing did
not increase yields but was beneficial if the plowing was done late. Many
other practices were tried but on land where fallow operations were
started early, it soon became evident that cultivations beyond those re-
quired to control weeds during the summer and to create a firm seedbed
were unnecessary. Although the depth factor was not emphasized so
strongly as in some other sections, deep plowing frequently was urged.
Experimental results, however, usually have indicated no benefit from
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plowing to depths in excess of 7 or 8 inches. Shallow plowing has re-
sulted in slightly lower yields at a few locations. This may be related
to nitrate formation prior to seeding, but this has not been definitely
proved. Not the least of the benefits derived from these experiments
was the material reduction in the cost and number of operations, since
deep plowing is relatively expensive and since, because of the nearly
rainless summers, very few cultivations are required to control weeds.

Hunter (1927) summarized the situation as follows: ‘A compara-
tive study of the tillage methods practiced and the yields obtained on
individual farms in various dry-farming localities leads definitely to the
conclusion that the acre yield of wheat can be increased materially on
many farms by changing the method of summer fallowing. In the main,
these changes would be effected by doing the tillage work at the time it
would be most effective.’’

b. Disposition of Heavy Stubble. The disposition of the heavy stub-
ble after harvest has always been a serious problem for the wheat—
fallow farmer and especially so since the advent of the combine. There
was a time when most of the stubble was burned, either for convenience
in operations, or, as in the higher rainfall portions of the fallow area,
because leaving the stubble on the land decreased yields. Increasing
recognition of the value of the stubble for erosion control and soil main-
tenance, coupled with fertility practices that improve yields on straw-
mulched land, has greatly reduced stubble burning, although many
details regarding the best methods of handling crop residues remain’ to
be worked out.

e. Use of Fertilizers. The use of fertilizers, particularly nitrogen,
has been responsible for material improvement in wheat yields in certain
arcas, especially in those with a relatively high rainfall. The situation
in the wheat belt of Washington, Oregon, and northern Idaho may be
summed up about as follows: Nitrogen is beneficial on most soils unless
moisture is the limiting factor. Moisture is usually the chief limiting
factor in areas of less than 12 inches of annual precipitation, and fre-
quently in areas with 12-14 inches of precipitation. Results from the
use of nitrogen in these areas are variable and usually not profitable.
In areas with 14-18 inches of average annual rainfall and where wheat
is grown on fallow, the use of nitrogen permits retaining the straw on
the surface for erosion control without depressing the yield. Nitrogen
may also increase yields on what is usually termed ‘‘black fallow.”’ Ap-
plications of nitrogen to wheat on fallow have generally been unprofit-
able in areas with more than 18 inches of rain. Where wheat is grown
each year, as it sometimes is in the higher rainfall belt of the Pacific
Northwest, nitrogen applications have raised yields to a level that may
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make fallowing unnecessary. Much of the land in the 18- to 20-inch
rainfall belt is now planted to alternate wheat and peas. Profitable in-
creases in yield of wheat on pea land have been obtained from applica-
tions of nitrogen in most years in low rainfall areas. Much remains to
be done, especially to determine the best use of fertilizers under differ-
ent soil, climatic, and crop residue conditions. Increases in yield due to
applications of phosphorus have not been numerous, but oceur on certain
soils in some states. As yet phosphate applications have been of very
minor significance in influencing wheat production.

d. Legumes in Rotatiom with Wheat. Legumes other than peas such
as alfalfa and sweetclover are grown in wheat rotations to some extent,
particularly in the 20-inch rainfall area (Baker and Klages, 1938). The
yield of wheat immediately after such crops frequently is reduced by
excessive nitrates if the season is dry, but they leave a beneficial residual
effect that is evident for several years.

4. Improved Practices in the Great Plains

The Great Plains, where much of the nation’s wheat crop is now
grown, was originally defined as an area extending from the Canadian
line to central Texas, bordered on the east by the 98th parallel of longi-
tude and on the west by the 5,000-foot elevation contour along the cast-
ern edge of the Rocky Mountains. These boundaries are arbitrary and
for the purposes of this discussion, the eastern portions of the States of
North Dakota, South Dakota, Nebraska, Kansas, and Oklahoma are
considered part of the area. In general, the elevation rises and the
precipitation diminishes from east to west.

The drier portions of the Great Plains were settled chiefly by farm-
ers and others from wetter areas, most of whom, in the absence of de-
pendable information adapted to the area, continued to use the crops
and tillage practices of the arca from whence they came. The state ex-
periment stations were located either along the eastern higher-rainfall
fringe or in irrigated valleys, where most of the agriculture was econcen-
trated, and experimental results applicable to the drier areas were not
available. The experience of successful established farmers was avail-
able to only a few.

Although factual information was almost completely lacking, pseudo-
scientific information and propaganda were not. The term ‘‘dry
farming,’”’ brought into general use during the early years of the pres-
ent century, was a word to conjure with and feature editorials on dry
farming appeared in daily papers and farm magazines throughout the
country. Dry farming was represented as a magic formula for produec-
ing crops on little water through a system of thorough cultivation. Crop
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production was to be made safe by the combined miracles of ‘‘capillar-
ity’’ and the ‘‘dust muleh.”” The dust mulch was to prevent water loss
from the soil through evaporation, and capillarity was to bring stored
water from below up to the crop roots. There was no concept of the
actual quantities of water required to produce crops or of the water that
could be absorbed by, and held in, the soil. The more conservative ele-
ment spoke of saving 50 per cent of the summer rainfall; the optimists
regarded 90-95 per cent as an attainable figure. Even the conservative
estimate now seems fantastically high (Thysell, 1938 ; Zook and Weakley,
1944).

The optimistic outlook on Plains agriculture was accentuated by a
general belief that the climate was changing. Such expressions as ‘‘rain-
fall follows the plow’’ were repeated not only by those who believed in
them but by those who had a financial interest in getting settlers into
the arca. The fact that the period from 1895 to 1910 was one of above-
average rainfall for most of the Plains area added credence to the state-
ment. It is hard at this time to appreciate the optimistic atmosphere
that prevailed in the Plains during the carly years of the century.

A number of men voiced practical objections to many of the benefits
claimed for ‘‘scientific dry farming,’’ but the number was few, and the
opposition so vociferous that they were able to gain little attention.
Those who advised caution were handicapped by the fact that they had
absolutely no data except from the extreme eastern edge of the dry-land
area on which to base their opinions, and objections to the prevailing
opinion were likely to be ascribed to ignorance or viciousness. As late
as the early years of the second decade of the ecentury, a Department
official was ridiculed and abused in his home state for making the state-
ment that the climate was not changing.

A name inseparably associated with dry farming is Hardy W. Camp-
bell, who became widely known as the originator of the ‘‘Campbell
System’’ of dry farming. Although many of his ideas were faulty, his
system embraced enough essentials of good farming that those practicing
it could be expected to fare better than the average. He recommended
the alternate wheat—fallow system and cultivation after every rain. He
also emphasized the role of capillarity in supplying water to crops, but
he recognized the dangers of a finely pulverized soil that would blow and
recommended cultivation practices that would leave fine clods rather than
a dust mulch on the surface.

Like many others of his time, he overestimated the importance of
frequent cultivation and underestimated the difficulties of maintaining
a soil muleh that would not blow. Hazen (1908) summarized the situa-
tion in a few words as follows: ‘‘There has been much written on how
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to establish a soil muleh but so far there is little information on how to
keep it.”’

a. Early Experiments in Dry-Land Agriculture. In 1905 Secretary
of Agriculture James Wilson established the beginning of a dry-land
agricultural research program. E. C. Chileott was appointed to direct
the work and Lyman J. Briggs to assist him. They established coopera-
tive relations with the states and started work in 1906 at all of the six
branch stations then established in the Great Plains area. This was
later extended to about twenty-five stations, although all were not in
operation at one time. Many of the experiments were conducted simul-
taneously at all stations that grew the same crops in order to develop
principles that would have a regional application.

The early results of these tillage experiments were largely negative,
since they did little more than point out the fallacies of many of the
practices then being advocated. This was no mean accomplishment, since
the theories of dry farming were deeply rooted and were supported by
many vested interests, if not by experimental evidence. A few of the
principal misconceptions are discussed in the following paragraphs.

1. The dust mulch. Perhaps the most important of these was the
theory of the dust mulch. According to prevailing beliefs, a dust mulch
prevented evaporation and retained the water that was in the soil and
at the same time permitted water to penetrate into the soil and increase
the stored supply. The classic laboratory experiments of King in Wis-
consin, in which it was shown that water would rise in a glass tube filled
with soil in contact with water in a pan, were accepted by laymen and
scientists alike as positive proof. Coupled with this was the belief that
plant roots penetrated little or not at all below the plowed surface and
that capillarity brought water to the roots from the lower depths. As
we now know, roots go where there is moisture, and capillary movement
of water is exceedingly slow and confined to very short distances. It
exerts as much force in moving water downward as upward in a soil
without a water table, as in the drier Plains. It was not, however, until
about 1915 that the accumulation of data from soil moisture studies as
reported by Burr (1914), Grace (1915), Mathews and Chileott (1923),
‘and Call and Sewell (1917) were sufficient to support these conclusions.

2. Deep plowing and subsoiling. The theory that deep plowing and
subsoiling were necessary in order to assure water penetration and stor-
age and a deep layer of soil in which plant roots could grow seemed to
have a strange fascination. There were no experimental data to support,
this belief, but it was a beguiling theory. Interesting in retrospect is
the fact that a few experiments had shown no advantages whatever for
deep plowing and subsoiling as compared with ordinary plowing. For-
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tunately, few farmers actually plowed deep or subsoiled, either because
they lacked the power and equipment to do so or because they questioned
the soundness of the idea. Actually it required only a few years of
experimental work completely to demolish the theory of deep plowing
and subsoiling. They were summarized by Chilcott and Cole (1918) as
follows: ‘‘Subsoiling and deep tillage have been of no benefit in over-
coming drought.”” More recent results reported by Volk (1947) also
indicate no benefit from subsoiling for small grains.

b. Early versus Late Tillage for Winter Wheat. Although the first
important results from tillage experiments consisted largely in discredit-

Fre. 11. Average gain in bushels per acre of carly over late tillage for winter
wheat in experiments in the Great Plains. Averages are for periods of from ten
to forty-two years.

ing much of the prevailing theory, positive achievements soon followed.
Among the more important of these were the verification of results ob-
tained in more humid arcas that indicated a material advantage for pre-
paring the ground for wheat as soon as possible after harvest. Perhaps
even more important was finding where, why, and under what condi-
tions these advantages could be expected. These early experiments prin-
cipally at Stillwater, Oklahoma, (Moorhouse, 1908) and Manhattan,
Kansas, (Call, 1913 ; Salmon and Throckmorton, 1929) had indicated an
average gain for early plowing as compared with late plowing of the
order of 5 bushels per acre. More recent and extensive experiments
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which are summarized in Fig. 11 indicate an average gain of about 5
bushels per acre at Woodward, Oklahoma, Hays, Kansas, and North
Platte, Nebraska, but considerably less at other locations.

The reasons why early tillage did not always accomplish the expected
results became evident as time went on. Early plowing is known to per-
mit the storage of a portion of the rainfall between harvest and seeding
and to provide conditions favorable to nitrate formation. How these
two factors operate in determining yields may be illustrated by results
from the three stations in central and western Kansas. At Hays, in the
central part of the state, considerably more moisture is stored by early
tillage than by late tillage and moisture sufficient to utilize the nitrate
produced by early tillage is usually present. At Colby and Garden
City in western Kansas, with less precipitation and consequently less
stored moisture, especially between harvest and seeding, the excess ni-
trates provided by early tillage are as likely to be injurious as they are
helpful. If moisture is plentiful, early plowing produces the higher
yield. If not, the better early growth on early plowed land results in
more serious drought injury and a lower final yield. Hallsted and
Mathews (1936) found that it required a season of summer fallow at
Colby and Garden City to provide moisture enough so that crop pros-
pects were comparable with those under early tillage at Hays.

Although average results in the western portion of the Plains do not
favor early tillage by a wide margin, tillage shortly after harvest may
be advisable in some years. If rains shortly before or immediately after
harvest have left considerable moisture in the soil that may be dissipated
by weeds, prompt tillage is usually highly beneficial.

c. Experiments with New Tillage Implements. Implements that cov-
ered the ground more rapidly and at less expense than the plow began
to appear in numbers after 1915, some accompanied by rather extrava-
gant claims as to their effectiveness. The first really comprehensive tests
of the use of a wide variety of such implements in seedbed preparation
were started at Hays, Kansas, in 1919 and expanded during the next
few years. These were conducted on land where wheat was grown each
year and consisted not only of comparisons of the principal implements
then available but also of early and late tillage with the same implement.
The methods included chiseling to depths of 6 inches and 12 inches, duck-
footing, plowing, listing, and one-waying wheat stubble; and plowing,
listing, and one-waying land where the stubble had been burned. Chisel-
ing consists of tilling the soil with an implement with a curved pointed
shank and very narrow shovels that break up the soil but do not invert
it. The difference between early and late tillage was pronounced, but
yields from early tillage performed with different implements were re-
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markably uniform. This indicated that neither the depth of tillage nor
the disposal of the crop residue had any great influence on yields. The
different implements varied greatly, however, in their costs of operation,
in the subsequent cultivation required, and in the resistance to erosion
of the soil surface resulting from their use. Similar results have been
obtained at other locations, and emphasize that choice of implements
may be dictated by factors other than yield. These results are not uni-
versal, but the exceptions are usually due to specific causes that can be
identified.

The use of implements that cover the ground more quickly and with
less expense than the plow without impairment of yields has greatly re-
duced the costs of growing wheat and has insured greater timeliness in
seedbed preparation and seeding.

d. Fallow in the Great Plains. Some wheat was grown on fallow in
the more arid sections of the Plains at the beginning of the century, but
the practice was slow in becoming established partly because farmers
were loathe to believe that they could not grow a crop every year. Also,
frequent cultivation with a disk or harrow greatly encouraged soil blow-
ing. Fallowing was not as complete an insurance against crop failure
as many believed or to the extent that it was on the semiarid lands of
the Far West. In a very severe drought, wheat on fallowed as well as
on cropped land might be a complete failure. Chilcott compared fallow-
ing to fire insurance that afforded protection against small fires but not
against a general conflagration.

TABLE II

Estimated Acreage in Summer Fallow for Selected States and Periods

Seven Ten Total

‘Western Great Plains seventeen
Period States,* States,t states,

millions millions millions

of acres of acres of acres
1928-1932 5.5 5.3 10.8
1939 5.4 15.9 21.3
1942 5.4 14.4 19.8
1943 5.1 12.0 17.1
1944 4.6 10.2 14.8
1951 tt 5.6 17.9 23.5

* Washington, Oregon, Idaho, California, Nevada, Utah, and Arizona.

t Montana, Colorado, Wyoming, New Mexico, North Dakota, South Dakota, Nebraska,
Kansas, Oklahoma, and Texas.

tt Data for 1961 from ‘‘Agricultural Capacity to Produce,” U.S. Dept. Agr. Inform. Bull.
88, June 1952,
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Interest in fallow began to increase in the twenties and was espe-
cially great during the drought in the mid-thirties. The extent to which
fallow has been used at various times in seven Western States and in
the ten states of the Great Plains, as reported by Johnson (1949), is
shown in Table II.

The greater portion of fallowed land in the United States is sown to
winter wheat, which shows more response to fallow than do most other
crops. Spring wheat also is grown on fallow, chiefly in the northern and
drier portion of the Great Plains spring wheat area and to a lesser ex-
tent in the Columbia River basin, particularly in years when conditions
are not favorable at winter wheat seeding time.

Yields of spring and winter wheat on fallow and on stubble land at
stations through the Great Plains, as summarized by Mathews (1951),
are given in Table III. Results from five locations in the dry-land por-
tion of the Western States are also included for comparison. In this
table summer fallow is compared with wheat following small grain with
good tillage methods. Neither the fallowed nor the annually cropped
land received any soil amendment.

It will be noted that the increases in yield per acre of wheat on fal-
lowed land as compared with stubble land are about as great in the
central part of the Plains as in the drier portions. In the more humid
areas the yields on cropped land are much higher than in the western
areas, however, which reduces the nced for fallow. In these areas a ro-
tation including corn or some other cultivated crop is generally more
profitable than alternate wheat and fallow.

TABLE III

Acre Yields of Wheat after Fallow and Small Grain Stubble at Locations in the
Great Plains and in the Drier Portion of the Western States

Sori
p;lng Wheat yield, bu./acre

winter Fallowed Stubble
State and loecation Years wheat land land

Western States

Oregon: Moro 1912-1950 Spring 23.8 12,5
Pendleton 1931-1950 Winter 41.7 14.1
Pendleton 1931-1950 Spring 42.2 15.0
Idaho: Tetonia 1940-1949 Winter 24.4 11.3
Utah: Nephi 1904-1945 Winter 23.4 10.0

Great Plains
Montana: Havre 1917-1950 Winter 12.1 4.3
Havre 1917-1950 Spring 14.8 8.9
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TABLE IIT—Continucd

Spring X
or Wheat yield, bu./acre
winter Fallowed Stubble
State and location Years wheat land land
Mocecasin 1910-1950 Winter 18.1 8.6
Moccasin 1910-1950 Spring 17.3 13.0
Huntley 1915-1950 Winter 22.4 9.0
Huntley 1915-1950 Spring 16.8 9.4
North Dakota:
Edgeley 1941-1945 Spring 29.3 21.4
Langdon 1941-1945 Spring 31.3 18.4
Mandan 1915-1950 Spring 21.9 14.9
Dickinson 1908-1950 Spring 20.8 13.2
Hettinger 1912-1922 Spring 16.9 11.5
Williston 1910-1920 Spring 18.6 12.1
South Dakota:
Highmore 1912-1930 Spring 15.9 9.9
Belle Fourche 1909-1949 Winter 21.9 13.3
Belle Fourche 1909-1949 Spring 21.8 13.9
Ardmore 1913-1932 Winter 18.4 8.9
Ardmore 1913-1932 Spring 19.1 12.6
Wyoming: Sheridan 1918-1950 Winter 31.0 16.2
Sheridan 1918-1950 Spring 24.7 14.8
Archer 1914-1948 Winter 14.1 7.4
Archer 1914-1948 Spring 12.8 7.4
Nebraska: North Platte 1936-1950 Winter 26.5 14.0
North Platte 1936-1950 Spring 12.1 8.1
Scottsbluff 1912-1921 Winter 18.5 7.6
Scottshluft 1912-1921 Spring 16.0 8.5
Alliance 1931-1950 Winter 18.1 8.5
Colorado: Akron 1909-1949 Winter 17.8 7.6
Akron 1909-1949 Spring 11.4 6.9
Kansas: Hays 1908-1945 Winter 22.5 16.4
Iays 1908-1945 Spring 9.5 6.4
Colby 1915-1950 Winter 17.6 8.9
Colby 1915-1950 Spring 8.4 5.4
iarden City 1912-1947 Winter 16.6 8.5
Oklahoma :
Woodward Field A 1915-1948 Winter 22.2 17.3
Woodward Field B 1933-1948 Winter 25.1 18.9
Lawton 1924-1948 Winter 21.2 15.9
Goodwell 1926-1935 Winter 13.9 8.8
Texas: Big Spring 1917-1949 Winter 5.3 5.1
Dalhart 1927-1949 Winter 10.0 6.5
Amarillo (BPI) 1907-1919 Winter 10.7 9.0
Amarillo (SCS) 1942-1949 Winter 23.2 14.0

New Mexico:
Tucumeari 1930-1940 Winter 10.5

o
[
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(1) Methods of handling fallow. Experiments in methods of prepar-
ing land for fallow have given substantially the same results as in the
Western States so far as principles are concerned and with only minor
differences as to their application. Plowing immediately after harvest
has proved no better than, and seldom as good as, plowing late in the fall.
At only one location has fall tillage been better than leaving the stubble
undisturbed until mid-May. Leaving the stubble undisturbed until mid-
June has reduced the yield markedly, usually 3 or 4 bushels to the acre.

Perhaps the most important achievement is the development of im-
plements that cover land more rapidly and the great reduction in the
number of operations believed to be necessary. This can be illustrated
by a comparison of the number of cultivations during the fallow periods
in experiments conducted during the early years, when frequent culti-
vation was believed to be necessary, with those conducted at a later
period, in which the fallow was cultivated only as necessary to control
weeds or establish a good seedbed. At Iays, Kansas, for example, where
summer rains are more frequent than at most Great Plains stations and
where those in charge were meticulous in following recommendations, the
number of separate tillage operations for the entire fallow period in the
early years sometimes exceeded twenty-five. At other locations the num-
ber ranged from as few as ten up to fifteen or more. These may be con-
trasted with those in experiments begun at Colby, Kansas, in 1922, in
which the fallow was cultivated only as necessary to control weeds and
establish a good seedbed. Table IV gives the results at Colby, including
the length of the fallow periods, the number of cultivations, and the
average yields for fallow first plowed at different dates.

TABLE IV

Length of Fallow Period and Number of Tillage Operations Required to Establish
and Maintain a Fallow and Average Yields on Fallow Initiated
at Four Different times, Colby, Kansas, 1922-1950

Number of tillage operations

Length of Comparative
Average date of fallow period, Surface yield,
first plowing months Plowing tillage bu./acre
July 25 14 2 4 16.6
October 30 11 1 4 18.0
May 17 4 1 3— 18.0
June 17 3 1 2 14.3

The best time to begin the fallow appears to be about the middle of
May. Plowing late the preceding fall was equally effective, but plowing
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soon after harvest the preceding summer gave slightly lower yields.
Delaying the plowing until about the middle of June reduced yields
materially. Starting the fallow May 17 required that the land lie in
fallow for only about 4 months. This reduced the number of cultivations
after plowing to less than three and greatly reduced the opportunity
for soil blowing, as compared, for example, with plowing the previous
summer followed by cultivation after every rain.

(2) Control of soil blowing. Although soil blowing is especially seri-
ous on finely pulverized soil, such as that produced by frequent cultiva-
tion, the best of the cultural practices known up until a few years ago
are not fully effective with such severe and widespread drought as that
of the early thirties. Severe dust storms of this period that sometimes
carried dust to the Atlantic seaboard focused national attention on the
need for control. It had long been evident that a soil with clods or crop
residues on the surface was least subject to soil blowing. As long as the
plow, disk, and harrow were the only implements used for land prepara-
tion and cultivation, improvement in control methods was difficult and
slow. Regardless of intentions, the tillage necessary to kill weeds might
render the soil fine enough to mellow down during the winter and be in
condition to move easily in the spring. Even large clods may break
down during the winter.

Summer fallow presented the worst hazard of soil blowing, and it
was in summer fallow areas that equipment designed to replace regular
plowing or to lessen the bad effect of subsequent cultivation first origi-
nated.

The moldboardless plow and Noble blade were two implements de-
signed to make regular plowing unnecessary. Implements designed for
subsequent cultivation that left residues or clods on the surface were the
knife slicker, duckfoot or field cultivator, spring-tooth harrow, and rod
weeder. The duckfoot was at first used for cultivations after plowing.
Later it was found that it could be used on stubble land to replace plow-
ing as the first operation in fallowing.

Implements such as the oneway, lister, and chisel first came into
prominence not as implements for prevention of soil blowing but as
cheaper methods for the first operation of preparing a seedbed. They
were used chiefly where wheat was grown each year, but also in fallow
operations. The oneway in particular came into vogue in the central and
southern Plains and almost displaced other equipment. It covered
ground rapidly and was efficient in killing weeds. It pulverized the soil
considerably, but no great harm resulted as long as there was consider-
able stubble residue left in the surface soil, or when moisture was suffi-
cient to produce a good fall growth of wheat. It required a year of scant
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residues, together with a fall so dry that wheat either did not emerge or
made very little fall growth, to point out the injury it was capable of
doing. The repeated use of this implement on soils with scanty residues
was largely responsible for the extensive soil blowing in central and
southern winter wheat regions in the mid-thirties. The oneway is still
recognized as one of the best implements for wheat tillage, but its limita-
tions are better appreciated. It can be used once or even twice on heavy
stubble without danger, but when there is little crop residue on the
surface or if it is used repeatedly, it is likely to promote serious blowing.

(3) Strip fallow. A practice known as strip fallowing, that probably
originated in Canada and spread to adjacent Plains states, has proved
to be one of the most effective advances in methods to prevent soil blow-
ing in a system of farming that includes fallow. In this system, wheat
and fallow are arranged in alternate long narrow strips ranging in width
from 5 to 20 rods. The greater the danger of blowing, the narrower the
strips should be. The strip in stubble traps any soil that may move from
the fallowed land during the winter or early spring, and prevents soil
movement from gaining much headway. The lower limit for width of
strips is generally placed at about 5 rods, since it is felt that land that
cannot be safely handled in strips of this width should not be fallowed.
One objection to strip fallowing in the extreme northern Plains of the
United States and in adjoining portions of Canada is damage from wheat-
stem sawfly, believed to be favored by the adjacent strips of growing
wheat and infested stubble.

The grasshopper problem is frequently increased when winter wheat
is planted adjacent to a strip left untilled for fallow the following year,
This can be offset in part in the portion of the Plains where sorghum also
responds strongly to fallow by placing the wheat strips adjacent to
sorghum. Such a set-up is possible with two alternate crop-fallow sys-
tems, i.e., wheat-fallow and sorghum-fallow.

(4) Stubble mulching. A practice known as stubble mulching came
into prominence in the late thirties and early forties, both as a preventive
of soil blowing and as a moisture-conservation measure. Although used
mostly in connection with fallow, it is not restricted to systems of farm-
ing including fallow. The terms ‘‘stubble muleh’’ and ‘‘subsurface til-
lage’’ were at one time considered synonymous. The term stubble mulch
has been expanded to include any type of cultivation that leaves enough
residue on the surface to protect it from erosion, regardless of the type
of implement used. Early results reported by Duley and Russel (1939)
showed that a straw mulch was highly effective in storing moisture under
conditions prevailing at Lincoln, Nebraska, and it was assumed that it
would be of even more value in the dry-land section, where conservation
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of moisture is of paramount importance. It was a logical assumption
that leaving all erop residues on the surface would result in material
increases in moisture storage, since it had been shown that such residues
protect the surface from the sealing effect of raindrops striking the soil
directly, and reduce runoff slightly.

That the stubble mulch has not increased moisture storage in experi-
mental trials in dry-land areas is one of the anomalies of nature. It has
not done so during a season of fallow or particularly during the period
between midsummer harvest and fall seeding in the winter-wheat area
of the central and southern P’lains. It appears to contribute most to
moisture storage in areas of heavier precipitation where such storage is
less important. It has increased the yield in some dry-land areas, but
such differences can be aseribed to factors other than moisture storage.

A stubble mulch on the surface reduces the quantity of nitrate nitro-
gen in the surface soil below that present on plowed land (Scott, 1921;
Albrecht, 1926 ; McCalla and Russel, 1943 ; Sewell and Call, 1925). This
may be harmful or helpful, depending on other conditions. At Pendle-
ton, Oregon, where the stubble is heavy and the soil somewhat deficient
in nitrogen, yields of wheat on stubble-mulch fallow have been several
bushels per acre lower than those on plowed land. No such reduction has
oceurred in drier areas of the Pacific Northwest, and no reduction from
its use on fallowed land has been found in the Great Plains, where lack
of nitrate nitrogen is seldom a controlling factor.

The use of a stubble muleh in a nonfallow system of farming depends
on other factors as well as nitrate nitrogen. In the southern Great Plains
yields of wheat have been increased by use of the stubble mulch at Ama-
rillo, Texas (Johnson, 1950). In that area moisture is more of a limiting
factor than nitrogen, and the smaller growth on mulched land due to lack
of nitrate nitrogen at seeding time has resulted in an increase in grain
yield over that from plowed land. The difference has been greatest in
years of relatively low yields. Plowed land has always produced the
greater straw growth and in favorable seasons may produce the higher
grain yield. At Cherokee, Oklahoma, as reported by Daniel et al. (1951),
yields on stubble-mulched land have been materially below those on
plowed land. The difference has been ascribed to poorer weed control
and to a limited extent to disease and insect factors. Results similar to
those at Cherokee have been obtained at Manhattan, Kansas. At praec-
tically all other locations in the Great Plains, stubble mulching has
neither increased nor decreased winter wheat yields.

In the spring-wheat area, stubble mulching has generally decreased
yields (Aasheim, 1949 ; Engelhorn, 1946), probably owing to poorer weed
control. This type of cultivation leaves most of the weed seeds on the
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surface, where they can germinate promptly and be in position to com-
pete with the crop.

Stubble mulching has had little place in wheat production in the east
central and eastern United States, since wheat is not generally grown
following a crop that leaves a heavy residue. Also, control of weeds in
a stubble-mulch system is more difficult in humid areas than in dry areas.
Results as a whole have not been favorable to mulch tillage for wheat,
owing both to poorer weed control and to less ready availability of plant
nutrients. Up to the present time it has played no part in wheat pro-
duction east of the Great Plains states.

The stubble mulch has been of great value as a safety factor in the
Great Plains. It has made fallow much more stable and permitted its
use in sections that would otherwise have been questionable. In the area
where winter wheat is grown annually, a properly maintained stubble
mulch may make it possible for a crop that has made a poor fall growth
to survive the spring blow period without damage. The value of a
stubble mulch can be accredited almost entirely to protection against
wind and water erosion. Protection from wind erosion may be of im-
mediate benefit, but the value of protection from water erosion lies chiefly
in preventing loss of soil that would impair future productivity.

(5) Stubble mulch implements. Implements created especially for
stubble-muleh tillage have been important in putting stubble mulching
on a practical basis. They are of different types, but the general prin-
ciple is the same. They are designed to operate parallel with the surface
and to undercut all the land with the least disturbance of surface residues
consistent with weed control and the preparation of a suitable seedbed.
The main types are machines with sweeps, sometimes attached to plow
or lister frames or to tool bars on tractors. The Graham-Hoeme plow,
now widely used, is essentially a chisel with small detachable sweeps.
The Noble blade, a straight-blade undercutting implement, is widely used
in the northern Great Plains for the first operation on land being fal-
lowed. The straight blade can be replaced by wide sweeps for subsequent
tillage operations. The leading implements for subtillage, especially in
heavy stubble, are the oneway followed by the rod weeder. The oneway
reduces the quantity of stubble to manageable proportions and the rod
weeder controls weeds and firms the seedbed. The rod weeder was not
designed originally for stubble mulches, but it is invaluable in many
places for tillage subsequent to the initial stirring of stubble land. It
eliminates weeds while keeping residue and clods on the surface. Used
at a shallow depth shortly before seeding, it compacts the soil and assists
in making a firm seedbed.

The common purpose of subtillage implements is to kill weeds and
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other unwa