Changes in Wheat Varieties and Yieids in the
United States, 1919-1984

DANA G. DALRYMPLE

The werd “productivity” pushes a historian to-
warc economics, but the phrase “productivity
growth”™ pushes an economist toward history.

William N. Parker, 1971

Wheat hus long been one of tne keystones of
U.S. agriculture. incraases in production have traditionally been associ-
ated with technological innovation—particularly, in the popular mind. with
machanical technologies surh as threshers and combines. But there are
other arid less weil-known fuorms of technologius, particularly those devel-
oped through biological science. which are of much greater importance in
increasing productivity in terms of yields per acre of land.
The ralative importance of these major forms of technologius has var-
ied over time. in general, mechanical technologies were of major imgor-
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tance well before biological technologies. A study of overail productivity in
U S. agriculture has suggested that the years from the Civil War to WW i
may be characterized as the period of, successively, horse and mechanical
power; the period from WW H to the present is characterized a3 the period
of science power. Overall productivity increased only graduslly through
the first period and did not begin tn increase substantially until about 1940
and the onset of the period of science power.?

The same pattern has been followed ia wheat yields.? Yieids increased
very little from 1866 through the end of the century. This situation moved
Sir William Crookes, in his presidential address 1o the British Association
for the Advancement of Science in 18398, to state that: “it is almost certain
that within a gereration the ever-increasing population of the United
States will consume ail the wheat grown within its borders, and will be
driven to import, and . . . will scramble for a lion’s share of the wheat crop
of the world.”* This did not nappen, but the reason was that area contir
ued to expand for thie next 35 years. Yieids remained about level and did
not begin to incrzaase significantly until the sarly 1940s.

What is the relationship of technnlogy to these vield trends? The prob-
lem for the period up to 1940 is to sort ou! the sffects of techriology from
the effects of other variables such as the change in the natural resourse
base. The mechanized technology that increased productivity per person,
for example, also helped make it possibie to extend cultivation into more
arid and less well-endowed areas where vields per acre were lower.S
Weather and disease (rust) were also of significance at varicus points
during this period. The effect of some yield-increacing technologies may
have been rasked.

Yet a profound change in yields began in the 1940s. The reason for the
changs was the same as for agricuiture as a8 whole: the contribution of
biological science. At the forefront of this change wes a shift in the ap-
proach taker by some plant breeders which resulted in significant :nodifi-
cations in the genetic characteristics of the wheat plant. The improve-
ments were expressed in new varieties with higher yisid potentials. This

2. Yeo-chi Lu, Philip Cline, and Leroy Quance, Prospects fur Productivity Growth in U.S.
Agricutiure (Washington, D.C.: U.S.D.A., Agrizultural Econcmice Report 435, Seprambar 1978},
9-10. (The authors have drawn on the work of Wayne Rasrmusssn on this point.)

3. Yield dats for whest, as well &5 several other crops, from 1866 to 1972 are summarized
Jrap.acally in L. B. Lut'rel! and R. A Gilbent, “Crop Yields: Random, Cyclical, or Bunchy?”
Amencan Journe! of Agricultiiral Economics 58 (August 1976) 3:526-27.

4. Sit Wiliiam Crookes, The Wheot Problem {(New York: G. P. Putnam’s Sons, 1900), 17, 18.

5. A vivid persons! account of the effect of incressed tractorization in wheast production on
s0il consarvation is provided in Lewrence Svobida, Farming the Dust Bowl,; A First-Hand Ac-
ecount from Kensss (Lawrence: University Press of Kansas, 1906), 33-255; also see the very
usetul Foreword by R. Douglas Hur, 7-32, eapecisily 8-9.
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story is, oddly, relatively little known in the United States. The nation has
heard much of the grezn revolution in developing nations, but virtuslly
nothing of a similar change right under its own feet.

This relative silence is partly due 0 the unobtrusive nature of the
higher-yielding varieties. They did not look much different—with one vital
exception which will ba noted—from their predecessors. Their use has
expanded gradually. And it is difficult to determine their exact impact at
the farm level.

Biological scientists have, for some time, measured the effect of genstic
improvement on crop yield under experimenta! conditions—particularly in
tederai-state regional performance nurseries. These trials provide an excel-
fent opportunity to measure the impact of varietal change. But they are
usually conducted at the regional level, the results are generally bighly
detailed and unpublished, and they are not necessarily indicative of results
at the farm level. They also de not reveal much about the particular plant
characteristics that result in higher yield.”

While agricultural economists and historians have long been interested
in technological change, they seldom look very closely at varieties unless a
dramatic shift, such es hybrid corn is involved. The technology variable is
often measured by fertilizer use {whare kncwn) or a time variable. in the
case of wheat in the United Stater »>nly a few studies have included a
variety variable, and then they gene ally have drewn on vield trials.? One
significant exception is provided by Johnson and Gustafson who intro-

6 The major dimensions of this process are outlined in Dans G. Dairymgle, “The Adoption
of High-Yielding Grain Varieties in Developing Notions,” Agriculturs/ History 53 (Cctober 1979)
£:704-26. The contribution of similar varistiss in Australis have rscentiy bosn snalyzed in John
P. Brennan, Impact of Wheat Vaneties trom CIMMYT on Australian Wheat Production (Haymer-
ket: New South Wales Dupartment of Agriculture, Agricultura! Economics Bulietin 5, September
1986), 1-56.

7. A number of these studies are briefly summarized in A M. Feyerharm, G. M. Pauisen, and
J. L Sebaugh, “Contnbution of Genetic Improvament to Racent Wheat Yield inzresses in the
USA.® Agronor.ry Journal 76 (Noveinber-Dacembar 1984} 6:985-90. Two recent wheat studies
of inferest are: C. J. Petarson, V. A Johnson, J. W. Schmidt, and R. F. Munn, “Contribution of
Genstic improvemnent to Increases in Wheat Yields end Variance of Productivity in the Great
Pleing,” in J. R. Andarson and P. B. R, Hazell, eds., Vanability ir: Grein Yiedds snd its Implicstions
for Agnricutture! Research and Policy (Baltimore: Johns Hopking Univereity Press (for Interns-
tionu! Food Policy Rossarch institute), in press); and John W. Schmidt, “Genstic Contributions
to Yield Gzins n Wheat,” in Genetic Contributions to Yieid Gains of Five Major Crop Plants
{(Madison, W1: American Society of Agronomy, Special Publicetion 7, 1984), 89-101.

8. See J. J. Bond and D. £. Umberger, Technica! and Economic Causes of Productivity
Changes in U. S. Wheat Production, 194976, (Washington: U.S.D.A_, Technical Bulletin 1598,
1979), 1-102; €. O. Heady and Ludwig Auer, "imputation o Production to Technologics,”
Journa! of Farm Economics 66 (May 1966) 2:309-322; and Frank Orazem anii M. A. Jamison,
“Importance of New Varisties in Kansas Wheat Production,” in Evaluetion of Agnicuhtural Re-
search (St. Paul: University of Minnesota, Agricuttural Expariment Station, Miscellansous Publi-
cation B, April 1981), 116~20.
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duced &8 “newness of variety” variable.? In 1875, in a study of yields in tha
midwest, Perrin and Heady stated that “There have besn no dramatic,
indentifiable innovations in wheat varieties . . . This introduces & problem
in identifying a variable to represent this “actor.”'?

In reality, one characteristic of the new varieties—which was at the
heart of their higher-yielding capacity—was readily visibly apparent:
shorter height. The reduced height snabled the plants to respond to im-
proved fertilization and other cultural practices without lodging or falling
over before iarvest. And it provided an excelient “marker® for measure-
ment. While this characteristic was well-known to wheat breeders, it evi-
dently escaped the notice of nthers who might have profitably drawn on it.
The same characteristic is found in high-yielding rice varieties and may
increasingly be a factor in some other crops. Utilization of the height
characteristic, however, requires some knowledge of wheat varieties and
the varietal improvement process.

Historically, the varietal improvement process in wheat has gone
through three stages:

- Introduction of varieties from foreign countries;

» Isolation of pure-line selections from introduced varieties; and

+ Creation of new varieties by crossing (hybridization}, followed by
selection.

The first stage began when the first settlers came to the United States sand
was soon followed by the second. The third stage started in the late 1800s,
took hold in the 1920s, and became a major force after 1940,

New and improved varieties are constantly needed, in par to replace
older varieties which have fallen prey to diseases (particulariv rust). In this
sense, 8s Johnson and Gustafson observed in 1962, much of the research
constitutes a maintenance operation.'’ But other significant forms of plant
improvement are also carried cut.

9. D. Gale Juhnson and Robert L. Gustatson, Grain Yie/ds and the Amencan Food Supply:
An Anslysis of Yield Changes and Possibilities (Chicayo: University of Chicago Press, 1862), 69—
70, 80, 85, 90, 120, 139. This concept, and 8 variant, was used in 8 study in Australia: see John P.
Brennan, “Measuring the Contribution of New Varistivs 10 Increasing Whest Yields,” Review of
Marketing and Statistics 52 (December 1964): 175~ 95, X

10. Richard K. Perrin and Earl O. Hesdy, Relative Contributions of Major Techno!ngical
Factors and Moisture Stress to Increased Grain Yields in the Midwest, 1930-71 (Amss: lows
State University, Canter for Agricultural and Rurs! Development, CARD Report 55, March 1975),
30.

11. Johnson and Gustafson, Gra‘n Yields, 120. t was recently reported ths: cver 70 percent
of the expenditures on wheat research in the state of Washington sre nesded to maintain yields
{Manfrad W. Heim and Leroy Blakesiee, “Biological Adaptstion an: Resaarch Impacts on Wheat
Yields in Wachington® (Puliman: ‘Nashington Stote University, Cepartment of Agricultural Eco-
nomics, unpublished, August 1986), 10-11).
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Tabie 1. Number of Whea! Varieties Reported Planted and Renking of the Top
Five Varieties in Terms of Area Planted, 1919 to 1984+

Survey Number of Rank
Yoar Varieties ! 2 3 4 5
1919 146 Turkey Marquis Fultz Mediterra-  Fuicaster
nean
1924 152 Turkey Moarquis Kanred Fulcaster Fulz
1929 190 Turkey Marquis Blackhull Kanred Fulz
1934 213 Turkey Merquis Blackhull  Ceres Kanred
1939 208 Turkey Biackhull Thatcher Ceres Tenmarq
1844 216 Tenmarq Turkey Biackhull  Thatcher Rival
1949 199 Pawnee Comanche Triumph Mida Thorne
1954 203 Pawnee Wichita Triumph Lee Comanche
1959 212 Triumph Wichita Selkirk = Pawnee Cheyenne
1964 223 Wichita  Triumph improved Monon Bison
Triumph
1969 263 Scout Irmiproved Monon Wichita Triumph
Triumph
1974 315 Scout Arthur Waldron Ceriturk Era
1979 370 Centurk TAMW-101 Scout Olaf Eagle
1984 429 Newton TAM 105 Vona Tam W-101  Marshall

fIndividual vaneties: excludes “familier” (except for Turkey).

The combined effect of plant improvement efforts has been the release
and adoption of a large number of new wheat varieiies in the United
States. Fortunately, data are available on the use of varieties on an area
planted basis every five years from 1919 to 1984 (see Appendix}, so that
we can trace patterns of adoption. The number of varieties reported in use
are listed in the tirst column of Table 1. The totals grew through 1934,
levelled vut until 1964, and then increased very sharply.

While there are many varieties, they varied considerably in imporiance.
The five leading varieties as reported in 2ach survey yea: are also summa-
rized in Table 1. The degree of concentration is shown graphically in Fig-
ure . Clearly, prior to 1944 the area wcs heavily dominated by a few
varieties. Their relative importance, however, has dropped sharply over
time and by 1984 the five leading varieties occupied a smaller proportion
of the area than the leading variety did in 1919 or 1924.%?

12. '‘While the degree of va.ietal concentration has decreased, it cannot be said that there
has been a corresponding increase in genetic diversity because of varietal interreigtionships.
The decline in concentration from 1964 to 1964 noted here, for cxemple, would not have been
as great if varietal “famities” rather than indivisual varieties had been considcred (see Table 2).
Also, some of the vider varietias such as Turkey were in resiity quite heterogeneous. Stiil, a
dstiled recent study of red winter whest varieties, which utilized the same varietsl surveys,
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The pattern has also changed among leading varieties. From 1819
through 1944, the composition war rather static. Turkey was the leading
variety in five of the six survey years, and was followed by Marquis in four
of the years. A few other varieties largely compieted the picture: Blackhull,
Thatcher, Tenmarq, Kanred, Fultz, and Fulcaster. From 1949 to 1984, the
variety picture was much more mixed and dynamic. No variety occupied
the number one ,:osition for more than two survey years. None of the
leading varieties f.om the first period held this position in the second
period. .

The foregoing data may be summarized ir terms of the area of th
leading varieties in the 14 reporting periods (Table 2). As might be ex-
pected, the older varieties which dominated the variety scene up to 1944
also dominate in this tabulation. But several of the varieties from the
more dynamic period from 1949 to 1984 also appear: Triumph (“tamily”),

Table 2. Wheat Varieties Planted on Tota! of Mo~e than 7 million Acres During 14
Survey Years, 1919-1384

Pesk Survey
Rank Vaniety Years® Total Area
{acres)

1 Turkey 1919-1954 93,517,500
2 Marquis 1919-1844 47,598,500
3 Triumph 1949- 1973 38,589,100
4 Blackhuli ¢ 1924-1949 33,052,700
5 Scout® 1969- 1984 25,582,400
6 Wichita 1949-1974 24,326,200
7 Pawnee 1949 1964 24,074,800
8 Thatcher 1939-1954 18,258,600
9 Tenmarg 1939- 1949 16,413,100
10 Kanred 1924-1944 13,776,400
1 Cheyenne 1944-1974 13,128,900
12 Fultz 1919-1844 13.006,900
13 Ceres 1934-1949 12,360,600
14 Arthur e 1974-1984 11,764,700
15 Comanche 1349-1959 11,636,600
16 Fulcaster 1919-1939 9,696,200
17 Csnturk 1974-1984 8,732,700
] TAM W-101 1979-1984 7.421,900

*Survey years in which area was over 1 riflion acres.

®ncludes Triumph “famity”: Super Tricmph (1,447,200}, Newest Improved Triumph (753,100},
improved Trniumph (8,334,700}, atd Triumpn 64 (Rust Resistant Triumph) (2,602,700).

Anciudes Early Blackhuli {3,787,000).

Anciudes Scout 66 (6,510,700).

“Includes Arthur 71 (4,857,600).;
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Fgure 1. Proportion of Wheat Arsa Planted to Leading Varisties, United States,
1919 to0 1984
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e camt ™Y,

\ S\
. AN \
\\ \—-—‘\'
\ \.
\ I \o
b \ A N
Top § Varieties \ __-/ \ “u,
\\ N,
\ ’\\
30 \” \\
\
) Y

Leading Variaty

10

[, ) S T N TN S SN S S S
1919 24 29 34 32 44 49 54 350 04 €9 T4 79 a4

Scout (“*family”), Wichita, Pawnee, Arthur (“family*), Comanche, Cen-
turk, and TAM W101. Do these latter varieties have any particular quality
that would characterize thetn? The answer is yes, sither short or semi-
dwarf height.

Virtually all of the varieties raised through 1940 were tal'. Until thet time
most U. S. breeders believed that only tall wheats had the potential for

suggested that they are entering 8 new ers of increasir j diversity [T. S. Cox, J. P. Murphy and D
M. Rodgers, “Changes in Genetic Diversity in th. Red Winter Whest Regions of the United
States.” Proceeding: of the National Academy of Sciences B3 {August 19€6) 15:5583-586).
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high vyield.'? Just why this was the case is uncertain, but it may have
reflected the extensive nature of wheat production. Only a relatively small
area was fertilized or irrigated {even by 1959 the respective proportions
had only reached 42.1 and 3.6 percent respectively).’

Yet the potential for higher yield levels was not unknown. In 1874 the
U. S. Commissioner of Agriculture reported on high-yielding, sernidwarf
wheat in Japan.'s Shorter height enabled the plants to respond to heavier
fertilization without lodging.

The first major short variety used in the United Statez was Federation. It
was introduced from Australia in 1914, released in 1920, and became
widely grown in the Pacific Northwest by 1929. It was not, however, par-
ticularly high-yielding. The second short variety, Alicel, was developed in
Oregon and released in 1932; it had greater yield potential.

With the release of Eigin, 8 selection from Alicel, in 1942, high yield
potential became a rea'ity. A subsaquent report in 1953 stated:

Previous to the creation of Elgin, it was often believed that short stiff-
strawed varieties could be obtained only with some sacrifice in yield.
Elgin proves conclusively that this is not true in the Pacific Northwest
and for this area, at least, has done much to determine the objectives of
varietal improvement for the future. Hereafter, no variety for the Pacific
Northwest can be expectad to be endor.ed enthusiastically by farmers
unless it has short stiff straw similar to or better than that of Elgin.6

Other varieties considered short at the time included Ramona (1935),
Idaed {1938), Lehmi (1839}, Triumph (1940), Puwnee (1942), and Wick.ita
(1944). As noted in Table 1, the iatter three were among the top five vari-
eties frorn 1949 to 1964. In addition to resistance to ludging, these short
varieties and those that followed had, to varying degree, other desirable
plant characteristics such as earlier maturity."?

The overal! orea planted to short varieties and the names of the varieties

13. L. W.Briggle and O. A. ‘ogel, “Eiresding Short-Stature, Disease-Resistant Whaats in the
United States,” Euphytica 17 (Decemnber 1968, Supplement 1}: 108.

14. Dana G. Dairymple, Development and Spread of Semi-Dwat! Varixies of Whea: and
Rice in the United States (Washington: U.S.DA, Aghcultursl Economic Report 455, June 1980},
8649

15. Horace Capron, “Agricutture in Japan,” Repont of the Commissione: of Agriculture for
the Year 1873 (Washington GPO, 1874), 369.

16. S C. Saimon, O. R. Mathews and R. W. Leukel, “A Half Century of Wheat improvement
in the United States,” in Advances in Agrondomy (New York: Academic Press, 1953) Vv, 90, 2.

17. Short height is a relative measure: standards vary over time snd by region. No one
measure can be given in terms of inches or centimeters that covers all cases. Extremely short
height is not detirsble because it is generally associated with other undesirable penstic charsc-
teristics.


http:Elgin.16
http:Japan.15
http:yield.13

28 agricultural history

Tabie 3. Estimsted Area Planted to Short Varieties of Wheat, 1924- 1984

Area of Short  Proportion of

Survey Vareties Total Area Short Vaneties Added

Year f{ecres) {percent) to Category

1924 34,000 0.1 Federation

192y 791,300 1.3 -

1934 803,100 1.3 Ramona

1939 831,700 1.3 AlicelElgin, idaed

1944 1,253,400 1.9 Pawnee, Triumph

1949 21,922,000 25.8 Wichita

1954 23,027,300 37.2 Brevor, Chinook, Lee, Ponca

1959 21,849,900 37.8 Burt, Columbia, Druchamp, Lakota,
Tascosa, Wells

1964 25,810,000 46.9 Gage. Lancer, Monon, Omaha, Ottawa,
Warrior

1969+ 21,842,300 40.2 Arthur, Chris, Manitou, Parker, Waldron

1974+ 31,502,300 443 Abe, Baca, Centurk, Eagle, Leeds, Rolette,
Ward

1979+ 25,758,200 36.0 Butte, Larned

1984° 10,780,100 13.6 Manning, Rose

fincludes pnincipal, but perhaps not all, new releases and may be underestimated Varieties
ciassified as short in earlier periods were considered of medium height during this period

included in this category are summarized in Tabie 3. From 1924 10 1964, the
table includes varieties listed as short in USDA wheat classification reports
issuedin 1954 a2nd 1963."¢ From 1969 to 1984, it includes the above varieties
plus principal new releases of medium or short height identified by wheat
specialists (the height stendards became more strict over time); this list
may be incomplete and hence the total is probably slightly underestimated.
Neither grouping includes some varieties of slightly greater height which
arguably might have been included ‘Thatcher, Knox, Dual, Vermillion, and,
most significantly, Scout).

The area planted to short varieties grew rather modestly through 1944,
when it represented less than 2 percent of the total area. Ry 1949, how-
ever, it rose very sharply and represented nearly 26 percent of the totzl
wheat area. it dropped in 1953, but by 1964 had increased agein and
represanted nearly 47 percent of the total area. Thereafter the area (which
as noted above is incompietely reported) varied and eventually declined
sharply by 1984, Leading short varieties in terms of area planted waere, in

18. B. B. Bayles and J. Allen Clark, C/assification of Wheat Varieties Grown in the United
States in 1949 (Washington: U.S.D.A., Technics! Bulletin 1083, March 1954), 1-133; L. W.
Briggle and L. P. Reitz, Classification of Triticum Species and of Wheat Vaneties Grown in the
Unned Suates (Washington: U.S.u.A., Technical Bulletin 2278, May 1963), 1-135.
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Table 4. Estimated Area Planted to Semidwarf Varieties of Wheat, 1964~ 1984

Area of Proportion uf

Survey Semuigwoarts  Totel Ares Principa! Semidwar!
Year (acros) (parcent) Varcties Added to Catsgory®
1964 1,609,000 29 Gaines
1969 3,806,000 7.0 Blueboy, Era®, Nugaines, Sturdy

1974 15,756.400 221 TAM W-101

1979 22,367,400 31.3 Coker 747, Dzws, Hart, Len, McNair 1003,
Newanas, Newton, Olaf, Pioneer S-76, Stevens,
Vona, Wings

1984 46,401,400 58.7 Brule, Calctwell, Coker 752, Coker 797, Coker 9186,
Frankrnmuth, Hawk, Marshall, Oslo, Pike, Pio-
neer 2650, Prn Brand 812, TAM 1C5.

“Varneles Listed planiag on more than £00,000 acres in any one of the years noted
*Only pianted on 300 acres in Y969; nat officially rokeased untit 1970

decreasing order: Triumph, Wichita, Pawnee, Arthur, Centurk, Lee, Wal-
dron, Eagle, Mionon, Federation, Wells, and Warrior.

The reason for the decline in area ot short varieties was not any lack of
interest in height. Quite the contrary: the short varieties weie in part re-
placed by even shorter and more productive variaties—semidwarfe. The
history of semidwarf wheats in the United States has been raported else-
where and will not be recounted in detail here.’ Sutfice 1t to say that
breading work on semiciwarts was instituied at a number of U. S. institu-
tions during the 1950s. The first semidwarf varity, Gainss, was released in
1961 and was followed by Nugaines in 1965. Both were deve'uped in
Washington State and found their widest use in the Pacific ‘Nohwest (the
first area, as we have noted, to make wide use of short varieties). The
number of releases was relatively small through 1838, and theroafter be-
gan to increase rapidly. By 1973, the total number of semidwart varieties
released reached &1 ieast 151; by 1984 it reached at loast 223.2°

The estimaied area planted to semidwarfs from 1964 t 1884, based on
the varieties identified above and area daia reported in the wheat variety
surveys, is reported in Table. 4.2 T'.e area rose gradually in 1970, and then
sharply in subsequent years. By 1984, the semidwarfs cteupied nearly 59

19. Brigg'e and Yogel, “Breeding Short Stature ... Wheats ... ,” 107-30; Dalrymple, “De-
velopment ... of Semi-Dwar{ Variettes ... ,* 30-39; Dans G. Dalrympie, Develooment and
Spresc of High-Yielding Whea: Verieties in Dovelaping Ccuntniss (Washington: Agency for
International Development, 1986}, 35-97 (sppendix).

20. Dolrymple, “Development. ... of Semi-Dwarf Varieties .. . ,” 55--56, “Development . . .
of High-Yielding Whaat . .,* 96. The classification of a few of these varieticr as semidwarfs is a
matter of judgement and is open to question.

21. Note that columit 4 of Table 4 includes only the Ie ading variaties. "*any of the semidwar!
releases, 8s is true of other varisties, sre planted on simali or insignificant area.
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percent of the total wheat area. The leading semidwarf varieties for the
period in terms of area planted were, in decreasing order: TAM W-101,
Newton, TAM 105, Era, Nugaines, Vona, Olaf, Gaines, Sturdy, Stephens,
Marshall, and Len.

The growth in total area of short and samidwarf varicties is represented
graphically in Figure 2. The data through 1959 represent short varieties;
beginning in 1964 semidwarfs played an increasing rcle. Following the
initial surge in adoption from 1944 to 1949, the total continued to increase
on an irregular basis, with substantial increments in 1964 and 1974. In
1384, the overall percentage did not increase greatly, but the semidwarf
proportion yrew sharply (to 81.7 percent of the short and semidwarf total).

Data on concurrent changes in wheat yields in the United States from
1900 to 1985 are also provided in Figure 2. As noted in the introduction,
vieids began to increase about 1940. The figure reveals that the process
took place in two steps: an increase to a slightly higher plateau in 1941
which neld until about 1955, and then a period of more substantial and
sustained growth which continued until 1885.

Annual yield levels show substantial variation, as would be expected,
due to the influence of weother, diseases and other factors. Drought and
rust had a particularly pronounced effect from 1933 10 1938.2? Rust was a
problem again from 1849 to 1956, when rust resistant varieties were intro-
duced.? Following study of the period from 1900 to 1956, Johnson and
Gustafson conciuded that most of the decade-to-decade variation in yields
prior to 1249 could be attributed to weather, but that non-waather infiu-
ences apparently caused an increase in yislus in the 1940- 1949 and 1950-
1956 periors.?4

The data provided in Figure 2 have suggested that the expansion in use
of short and semidwarf varieties and the growth in yield levels generally
coinciaed.” The two sppear, moreover, to have been highly correlated.
And indeed simple correlation analysis reveals an r? value of 0.82 for the
eight survey years from 1349 10 1984.2¢

The high correlation should be immediately qualified. While the short

22. The drought (the dust bowl) was st its peak from 1833 to 1936 and rust epidemics
occirred in 1935, 1937, and 1938

23. Lutirell and Gilbert, *Crop Yieids,” 529.

24. Johnson and Gustafson, Grain Yields, 33-35, 137.

25. An excention is provided by the period from 1944 to 1949, while there wes 8 sharp
increase in the use of short varieties, overall yields did not incresse. The potential impact of the
varisties may have been muted by other factors such as limited fertilization.

26. Johnsor and Gustatson (Grain Yields, 78, BO) obtained a similar resutt for their “new-
nuss of variety” figure for » wariier period in the western region. The coefficient reported here
was raised, 10 85 high as U.86, when the dsta wore manipulsted in various ways (such as using 8
three-year moving aversge of yields and calcuisting the varietal proportions for intervening
years).
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Figure 2. Wheat: Average Yields and Proportion of Area Planted to Short and Semidwarf Varieties, United
States, 1900 to 1985
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and semidwarf varieties have the potential for higher yields, this potential
is not due to shortness alone; other improved genetic qualitias such as
early maturity and disease resistance are also involved. Reclization of the
genetic potential is usually associated with a higher level of in yuts, particu-
larly fertilizer. The varisties also benefit from improved water supplies
(irrigation) and other cultural practices.

Additional factors which influenced wheat vields during the 1849 to
1976 period were changes in: {1) the proportion grown or. summer fallow,
{2) the share of wheat grown on land with a relativély low soil productivity
base, (3) wheat market classes, {4) pesticide use, and (5) cultural prac-
tices.” Land diversion programs begun in 1983, which relate to item (2)
above, could also influence subsequent yield levels.?8

Of the agronomic variables, fertilizer is generally the most important.??
Higher yields are, however, a joint product of the two: in general the
shorter varieties will not yield much more unless they receive more fertil-
izer, but higher fertilization in the absence of the shorter varieties may not
be worthwhile. This interaction presents a significant analytical problem in
isolating and quantifying the contribution of each factor.

Hence, just how much of the increase in yields reported here should
reasonably be attributed to the improved varieties is uncertain. Studies by
biological scientists, usually based on performance nurseries, have sug-
gested that about half of the yield increase has come from genetic improve-
ment and half from other factors.®

While one might wish to see the contributions of varieties and the other
tactors of production more precisely measured at the farm level, there is

27. Bond and Umberger, Technical und Economic Causes, 1-2, 17--66.

28. Mark S Ash and Willism Lin, "Wheat Yield Response: Policy implications and Projec-
tions,” Wheat Situation and Outiook Report (Washington: U.S.D.A., Economic Research Service
Repon WS-275), May 1986, 10- 16,

29. The simple correlation () between yield and the proportion of wheat arpa fertilized
from 1954 10 1874 as reported in the census was 0.650. Survey data gathered for 17 states by
USDA from 1864 to 1985 indicate increzses in the proportion of wheat area (a) receiving any
fertilizer, (b) roceiving nitrogen, and in (c) the amount of nitrogen applied per acre; by 1984, the
respective proportions were 76 percent, 76 percent, and 62 percent {Dalrymple, “Develop-
ment ... of Semi-Dwarl Varieties ... ,” 87; Paul Andrilenas, “Fertilizer,” in Agricukural Re-
sources: Inputs Outiook and Situstion Report [Washington: U.S.D.A., Economic Resesrch Ser.
vice. Report AR-1], February 1986, 11). The data for item (8), including census data for 1954 and
1958, which are not strictly comparable. are summarized graphically in L T. Evans, “Opportuni-
ties for Increating the Yield Potentis! of Whest,” in The Future evelopment of Maize and
Wheat in the Third World (Mexico City: internstional Center for Maize and Wheat improvement,
1987}, 83; the pattern is very similar 1o that teported here “ur the short and semidwar{ varisties.

30. These studies are summarized in: L T, Evans, “Physiological Aspects of Varietal Im-
proviment,” in J. P. Gustafson, od., Gane Manipulation in Plant Improvement (New York:
Plenum, 1984}, 129; Dalrymple, “Development of ... Semi-Dwarl Varieties. ..., 110-111;
Schmidt, “Genetic Contributions,” 50, 100; and Peterson et al., “Contribution of Genetic Im-
provement* (in press).
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some question about how valid and useful any such calculations might be.
As Evans has recently noted, "it is not really meaningful to divide the
credit for yield increases between breeders and agronomists as if their
contributions were independent of one another.”3 Suffice it to say that
varietal impror~ment is a key factor in the process.

The impr i varieties did not appear by chance. They were the result
of introduct: . from other countries and/or research in the United States.
Wheat is not native to the United States. All our varieties are introductions
or, as is now generally the case, descended from introductions. Foreign
varieties have played a major role in the varietal and yield changes de-
scribed in this report. ‘

Foreign introductions were widely planted during the first part of the
century. Reitz has calculated the proportion of the wheat area directly
planted to introductions in the 12 reporting petiods from 1919to 1974. The
overall average was 27.2 percent and dropped in importance from 55.6
percent for 1919-1934, to 29.9 percent for 1839-1844, and to 7.4 percent
from 1949 to 1974.3 The most itnportant introductions were Turkey and
Marquis. .

Beyond direct use, introductions (1) provided & source of selections,
and (2) were used as parents in cross breedirig. Prominent selections, for
example, were: Blackhull from Turkey; and Kanred and Cheyenne from
Crimea (a strain of Turkey). Marquis was a parent of Ceres, Thatcher, and
Tenmarg (Tenmarg in turn was a parent of Comanche and Pawnee). Tri-
umph is descended from crosses involving Blackhull, Kanred, and Fior-
ence (from Australia).33

There is an additional dimension in the case of the semidwarfs. All
those utilized so far contain one or two dwarfing genes. With a few excep-
tions these can all be traced back to one Japanese variety, Daruma, which
may have in turn come from Korea. Norin 10 is the best known descendent

31 Evans, “Opportunities for Increasing Yield Potential “ 81.

32. Lours P. Reitz, "60 Years of Wheat Cultivar History in the United States,” Annua/ Wheat
Newslerter 25 (June 1979): 12-17. The proportions varied rather widely by market class and
region For a recent analysis of mid-western varieties, see Joanne Geigel and Wallace E. Hut-
man, “Improvemeant of Wheat Varieties in tha U.S., 1919- 1978 {Ames: lows State University,
Department of Economics, Staff Paper Series 156, April 1986}, 1-44.

33. Background on these and other varisties is provided in Bayles and Clark, Classification
of Wheat Varieties, 1-33, Briggle and Reitz, Classification of Triticum Species, 1-135; J. Allen
Clark. Improvement in Wheat,” Yearbook of Agncufture, 1336 (Washington: U.S.D.A., 1936),
207-302; Jan L. Flora, “History of Whaat Researcl: at the Kanzas Agricultural Experiment Sta-
tion,” in Lawrence Busch and William B. Lacy, eus., The Agricultural Scientific Enterprise (Boul-
der: Westview Press, 1986}, 186- 205, J W Morrison, “Marquis Wheat—a Triumph of Scientific
Endeavor.” Agricultural History 34 (OctoLer 1960) 4:182-88, and K. S. Quisanberry and L P.
Reiz, “Turkey Wheat: The Cornerstone of an Empire,” Agriculturs! History 48 (January 1974)
1:98-114. information on more recent releases is provided in Crop Science (bimonthly).


http:Australia).33

34 agricultural history

of Daruma, but there were others, such as Seu Seun 27 and Suweon 92,
Norin 10 was received in the United States in 1946 and was crossad with
Brevor in Washir.gton State in 1948. The cross was used as a parent (1} in
other U. S. breeding programs, and (2) in breeding work by Dr. Norman
Borlaug in Mexico at what is now the International Maize and Wheat im-
provement Center (CIMM™/T). A number of varisties and breeding lines
developed by CIMMYT in turn have been introduced in the United States
and eithe: grown directly or used as parents. About 36 percent of the
semidwarf area in the U. S. in 1884 (or 21 percent of tha total wheat area)
was composed of varieties with some CIMMYT-Mexican ancestry.34

The yield effects of the foreign contributions have been variable. The
early introductions appeared to have little direct effect on overall wheat
vield levels—but did provide other desirable qualities which helped make
possible an expansion of production into less favorsd areas (Turkey is a
case in point). Moie recent introductions and the shorter offspring of ear-
lier varicties had a considerably more substantial influence on yield levels.
And the effect of the semidwarf introductions on U. S. yields has heen
even more pronounced.

The other key dimension in wheat improvement in the United States
has been the involvement of both the public and private sectors. In the
beginning wheat improvement was largely carried out by private individu-
als. Starting about 1890, much of the crossing work was taken up by
federal and state research institutions, often as collaborative =fforts. In
1879, the wheat variety survey indicated that 75.4 percent of the varieties
and 89.8 percent of the area was planted to varieties developed in the
public sector; the rest was composed of privatcly developed varieties. In
1984, the proportion of the much larger number of varieties developed by
the public sector dropped to 66.2 percent and their proportion of area
dropped to 81.5 percent; again the remainder was composed of private
varieties.

Ciearly the contribution of the private sector increased significantly
trom 1878 to 1984. This is refiected in the growth in the number of private
sector varieties in use on over 500,000 acres: from four in 1979 to 10 in
1584. The expansion may have been in part due to the influence of the

34. Dalrymple, “Development of. . .. Semi-Dwarf Varisties . . . ,” 30-39; “Development . ..
of High-Yielding Wheat . . . ,* 95-97.

35. L W. Briggle, S. L. Strauss, D. E. Hamittos, and G. W. Howse, Dystribution of the Vari-
oties and Classes of Wheat in the Unitad Sizias in 1879 (Washington: U.S.D.A., Statistical
Bulletin 676, February 1982}, 14; V. L Siagenthsler, J. E. Stepanich, and L. W, Briggie, Distribu-
tion of the Varicties and Classes 7 L /:1eat in the United States, 1984 (Washington: U.S.D.A.,
Statistical Bulletin 739, January 1886), 8.
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Plant Variety Protection Act of 1970.% Many of the private sector varieties
draw on germplasm developed in the public sector; the public sector is
increasingly using verieties released by the private sector as parents. The
private sector has released all of the hybrid varieties in use; as of 1984
their total area was negligible but will probably increase in the future 3

The recent emphasis on biotechnology has influenced the institutional
nature of varietal development. A study of nlant breeding and biotechnol-
ogy revealed that many state experiment stations have created biciech-
nology programs in part by reducing conventiona! plant breeding pro-
grams. A similar proress appears to be taking place in the Agricultural
Research Service. And whereas nearly every siate could afford a conven-
ticnal plant breeding program, this is not true of plant biotechnology
which is much more costly. All of this may lead to a greater role for the
private sector in wheat breeding programs, at least for the major wheat
growing a/eas.3®

In summary, wheaat production in the United States has undergone &
virtual “green revoiution.” Just as in the better-knowi case in the develop-
ing nations, the development and agoption of short and semidwar! vari-
eties, and improved production practices, has led to significantly in-
creased yields. But the process in the United States has been more gradual
and has gone on for a longer period. it has also been difficult to measure.
Hence the process has largely been unnoticed. Accomplishments to date
have been heavily dependent on (1) genetic characteristics found, or im-
proavements made in other nations and in international ag.icultural re-
search centers, and (2} a balance between research in the public and pri-
vate sectors. If this productive balance is maintained, and the potential of
biotechnology is realized, the past could indeed be orologue.

36 O the 127 certificetes issuad for wheat varisties from 1971 to 1983, 91 were from the
private sector and 36 were from the public sctior {(Robert E. Evenson, “intellectual Property
Rights and Agribusiness Resasrch and Development: Implications for the Public Agricultural
Reseerch System,” 2merican Journal of Agricultural Economics 65 {Decamber 1983) 5:871).

37 The public sactor was initially fairty heavily invoived in ressarch with hybrid varietiss
but over time almost complctely dropped out. ¥oss, but not all, of the recont hybrids ale
semidwarfs. For further rocent details on the davelopment of hybrids see Mary K. Knudson and
Vernon Ruttan, “The Researcn and Development on a Bioiogical innovation: Commercial Hy-
brid Wheut,” Food Aesearch Institute Studies 21 (1980) 1:45-68. More genersl information on
the priveie sector is provideC in R. L. Kafton and Phyllis Richardson, “Privete Sector Plant
8rveding Programs: A Majo: Thrust in U.S. Agriculture,” Diversity 5 (1683): 16-17.

38. Michaei Hansen, Lawrence Busch, Jeffrey Burkhardt, W. B. Lacy, and L. R. Lecy, “Plant
Breeding and Biotechnology.” Sioscrkence 36 ( January 1986) 1:29-39; Donaid N. Duvick, “North
Amarican Grain Producticn: Biotuchnology Research and the Private Sector,” in C. Ford Runge,
od., The Future of the North Amencan Granury: Politics, Economics, and Resource Constraints
in North Amenrican Agriculture (Ames: lows State University Press, 1986), 191-84.
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Appendix

1. Sources of wheat variety data:
Periodic issues of Distribution of the Varieties and Classes of Wheat in
the United States, U. S. Department of Agriculture.
1979 and 1929. Department Bulietin No. 1498, May 1929.
1929. Circular No. 283, Movembe: 933.
1934. Circular No. 424, April 1937.
1939. Circular No. 634, August 1942.
1844. Circular No. 761, January 1948.
1848. Circular No. 861, March 1951.
1954. Agriculture Handbook No. 8, January 1957.
1959. Statistical Bulletin No. 272 (issued by Agricultural Research Ser-
vice), November 1960.
1964. Statistical Bulletin No. 369 (ARS), July 1966.
1869. Statistical Bulletin No. 475 (ARS), May 1972.
1874. Statistical Bulletin No. 604 (ARS), June 1978.
1979. Statistical Bulletin No. 676 (ARS), February 1982,
1984. Statistical Bulletin No. 739 (issued by Statistical Reporting Ser-
vice), January 1536.

2. Sources of wheat yield data: Crop Reporting Board, U.S.D.A.;

* Wheat: Ares, Yield, Production by States, 1866—1943, Agricultural
Research Service, Statistical Bulletin No. 158, February 1955,

+ Acreage, Yield, and Production of Principal Field Crops, Revised
Estimates, 1944-489, Bureau of Agricultural Economics, Statistical
Bulietin No. 108, March 1952.

* Various issues of Field Crops by States, Acreage, Yiefd,
Production: Statistical Reporting Service, Statistical Bulletin (SB)
No. 185, June 1956; SB No. 290, June 1961; and SB No. 384,
December 1966 (1949-1964).

» Wheat, Outinok and Situation Yearbook, Economic Research
Service, WS-274, February 1936 {(1961-19€5).



