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CHAPTER I

INTRODUCTION

This study is an attempt to understand a body of data: 

the percentage of all corn acreage planted with hybrid seed, by 

states and by years. By concentrating on a single, major, well 

defined, and reasonably well recorded development—hybrid corn— 

I hope to learn something about the ways in which technological 

change is generated and propagated in U.S. agriculture.

Hybrid corn is the product of a controlled, systematic 
crossing of specially selected parental strains called "inbred 
lines." These inbred lines are developed by inbreeding, or 
self-pollinating, for a period of four or more years. Ac­
companying inbreeding is a rigid selection for the elimina­
tion of those inbreds carrying poor heredity, and which, for 
one reason,or another, fail to meet the established 
standards.

(The inbred lines] are of little value in themselves for 
they are inferior to open-pollinated varieties in vigor and 
yield. When two unrelated inbred lines are crossed, how­
ever, the vigor is restored. Some of these hybrids prove to 
be markedly superior to the original varieties. The develop­
ment of hybrid corn, therefore, is a complicated process of 

, continued self-pollination accompanied by selection of the 
most vigorous and otherwise desirable plants. These superior - 
lines are then used in making hybrids.%

While the idea of increased vigor from hybridization dates 

back to Darwin and earlier, serious work on hybrid corn did not

Neal and A.M. Strommen, Wisconsin Corn Hybrids 
(Madison: Wisconsin Agricultural Experiment Station, Bulletin 476, 
Feb., 1948), p. 4-

2r.W. Jugenheimer, Hybrid Corn in Kansas (Manhattan: Kansas 
Agricultural Experiment Station, Circular 196, Feb., 1939), pp. 3-4» 
See also the references in the next footnote.
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begin until the first years of this century.The actual idea of 

increasing the yield of corn through the development and crossing 

of pure inbred lines was first suggested by G.H. Shull in 1908. 

He and E.M. East, who had been working independently on the prob­

lem and had reached similar conclusions, advocated the crossing of 

pure inbred lines as a means of improving upon the existing corn 

varieties, but were quickly discouraged by the difficulties in­

volved in the commercial production of such seed. The crossed 

seed would have had to be produced on one of the parent inbred 

lines, resulting in low yields, in seeds having undesirable kernel 

sizes, unsuited for use in ordinary corn-planting machinery, and 

in very expensive seed in general. However, several generations 

of East’s students kept working away at the problem and in 1918 

Donald F. Jones, working at the Connecticut Agricultural Experi­

ment Station, suggested the use of the double-cross, a cross be­

tween two single crosses, as a solution to these difficulties.

The double cross Iwas] . . . a brilliant and highly effec­
tive , and by no means purely accidental, solution to the 
most important problem in hybrid corn breeding, the problem 
of seed production. It [was] ... an invention which marked 
an important turning point in the history of hybrid corn, 
for it made the difference almost at once between hybrid corn 
as a theoretical possibility and hybrid corn as a practical 
reality.%

popular history of hybrid corn can be found in A.R. . 
Crabb, The Hybrid Corn Makers; Prophets of Plenty (Brunswick: 
Rutgers University Press, 1948). See also F.D. Richey, "The Lay 
of the Corn Huckster," Journal of Heredity, XXXIX (1948), 177- 
180ï G.E. Sprague, "The Experimental Basis for Hybrid Maize," 
Biological Reviews, XXI (1946), 101-120; M.T. Jenkins, "Corn Im­
provementin U/S. Department of Agriculture Yearbook, 1936 
pp. 455-522; and H.A. Wallace and W.L. Brown, Corn and Its Early 
Fathers (East Lansing; Michigan State University Press, 1956).

2Mangelsdorf, op. cit., p. 178.
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Beginning shortly after 1920 there was a very rapid ex­

pansion in the number of inbreeding projects. In 1922, at the 

instigation of Henry A. Wallace, whose father was then the Secre­

tary of Agriculture, F.D. Richey was placed in charge of com in­

vestigations in the Division of Cereal Crops and Diseases, Bureau 

of Plant Industry, U.S. Department of Agriculture. Richey believed 

in the future of hybrids and was instrumental in expanding the 

breeding activities of the U.S.D.A. and in co-ordinating those of 

the different experiment stations into a more definite national 

program. In 1925 a cooperative breeding program involving the 

U.S.D.A. and Corn Belt agricultural experiment stations was in­

augurated with the support of Purnell Act funds. This program 

was very important. It co-ordinated the breeding programs of the 

various stations and provided channels for a very free inter­

change of information and breeding materials.

During the same period hybrid corn began to be discussed 

in the farm press. Of particular importance in arousing the in­

terest of various people in hybrid corn were the articles pub­

lished by Donald F. Jones and Henry A. Wallace. In an article 

for the Prairie Farmer, published on March 21, 1925, entitled 

"The Revolution in Corn Breeding," Henry A. Wallace summarized 

the state of research at that date and made an accurate prophecy 

about its future: ”No seed company, or farmer, or experiment 

station has any inbred seed or cross of inbred seed for sale to­

day. The revolution has not come yet, but I am certain that it 

will come within 10 or 15 years."

The revolution began gathering momentum in the early 1930‘s. 

While some hybrid seed was sold commercially in Connecticut in



1920, the revolution had to be transplanted to the heart of the 

Corn Belt before it caught fire. In 1924 the seed of a single 

cross was sold for the first time in Iowa. In 1926 the first 

company devoted exclusively to hybrid seed corn production, the 

Pioneer Hi-Bred Co., was founded by Henry A. Wallace. At the 

same time, several commercial producers of open pollinated seed 

began inbreeding and developing hybrids from their own and experi­

ment station inbreds. Prominent among these were the Funk Bros. 

Seed Company of Bloomington, Illinois, the DeKalb Agricultural 

Association, and Lester Phis ter of El Paso, Illinois. However, 

none of these efforts matured until the 1930’s. Only in 1931 

did pioneer distribute a hybrid which lasted more than a few 

years. Hybrids developed by the Iowa and Indiana Experiment Sta­

tions were first distributed to farmers in commercial quantities 

in 1933» In 1934 ead 1935 other Corn Belt experiment stations 

entered the scene with their own hybrids. In 1935 the DeKalb 

Agricultural Association produced for the first time a substantial 

amount of hybrid seed (14,500 bushels) and found itself on the way 

to the top of the hybrid seed corn industry.

Once the development got started, it grew by leaps and 

bounds. More money was appropriated for research by various ex­

periment stations. Stations began to release new hybrids almost 

every year. The number of commercial hybrid seed companies mush­

roomed, with almost everybody scrambling to get on the bandwagon. 

For example, in 1935 only five different producers of hybrid seed 

had entries in the sixth district of the Iowa Corn Yield Test. 

In 1938 there were 27; in 1940 , 45; and in 1941 a peak was reached 

with 50 different firms submitting entries. During the same
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period, the percentage of the total corn acreage planted with 

hybrid seed in Iowa rose from 6 per cent in 1935 to 90 per cent 

in 1940. The development in other Corn Belt states was similar 

to that of Iowa.

Figure 1 illustrates the development in Iowa and other 

states. While the spread of hybrid corn throu^iout the Corn Belt 

and the rest of the nation was quite rapid, there have been, none­

theless, marked geographic differences in this development. In 

particular, the southern states were substantially later in get­

ting adaptable hybrids and also slower in accepting them. Hybrid 

corn was not a single invention immediately adaptable everywhere. 

It was an invention of a method of inventing, a method of breed­

ing superior corn for specific localities. The actual breeding of 

adaptable hybrids had to be done separately for each area. Hence, 

besides trying to explain differences in the rate of adoption of 

hybrids by farmers—the "acceptance problem—I will also attempt 

to explain the lag in the development of adaptable hybrids for 

specific areas—the "availability" problem.

In the next chapter, the method used to summarize the data 

will be outlined. Essentially it will consist of fitting trend 

functions (the logistic) to the data by states and crop reporting 

districts, reducing thereby the differences among areas to dif­

ferences in estimates of three parameters: "origins," "slopes" 

and "ceilings." In Chapter III it will be shown that the lag in 

the development of adaptable hybrids for particular areas and 

the lag in the entry of seed producers into these areas (differ­

ences in "origins") can be explained on the basis of a varying 

profitability of entry, "profitability" of entry being a function 



-7-

of market density, and innovation and marketing cost. Chapters 

IV and V will analyze the differences in the equilibrium levels 

of hybrid corn use ("ceilings") and the differences in the rates 

of approach to these levels ("slopes"), and show that these can 

be explained, at least in part, by differences in the profitability 

of the shift from open pollinated to hybrid varieties in various 

parts of the country. Finally, the results will be summarized in 

Chapter VI and an attempt will be made to draw some more general 

implications from them.



CHAPTER II

THE METHOD OF ANALYSIS

A graphical survey of the data by states and crop report­

ing districts along the Lines of Figure 1 led to the conclusion 

that nothing would be gained by trying to explain each observation 
separately, as if it had no antecedent.^ it became obvious that 

the observations are not points of equilibrium which may or may 

not change over time, but points on an adjustment path, moving 

more or less consistently towards a new equilibrium position. 

Hence we should phrase our questions in terms of the beginning 

of the movement, its rate, and its destination. This led to the 

decision to fit some simple trend functions to the data and con­

centrate on the explanation of the cross-sectional differences 

in the estimates of their parameters.

The choice of a particular algebraic form for the trend 

function is somewhat arbitrary. As the data are markedly S-shaped 

several simple S-shaped functions were considered. The cumulative 

normal and the logistic are used most widely for such purposes.

■^This conclusion was also supported by the results of an 
attempt to fit a model in which the year to year changes in the 
percentage planted to hybrid seed were to be explained by year to 
year changes in the price of corn, price of hybrid seed, the su­
periority of hybrids in the previous year or two, etc. The trend 
in the data was so strong that, within the framework of this par­
ticular model, it left nothing of significance for the ’’economic 
variables to explain. See Appendix B.

—8—
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As there is almost no difference between the two over the usual 
range of data,"*" the logistic was chosen because it is simpler to 

fit and in our context easier to interpret. While there are some 

good reasons why an adjustment process should follow a path which 

is akin to the logistic, I do not want to argue the relative merits 
2 

of the various S-curves. In this work the growth curves serve as 

a summary device, perhaps somewhat more sophisticated than a simple 

average, but which should be treated in the same spirit.

The logistic growth curve is defined by 
______ K 

p =________— ( a + b t )
1 + e

where P is the percentage planted with hybrid seed, K the ceiling 

or equilibrium value, t the time variable, b the rate of growth co­

efficient, and a the constant of integration which positions the 

curve on the time scale. Several features of this curve are of 

interest: it is asymptotic to 0 and K, symmetric around the in-

Ipor a comparison, see C.P. Winsor, "A Comparison of Cer­
tain Symmetrical Growth Curves,n Journal of the Washington Academy 
of Sciences, XXII (1932), 73-84; and J. Aitchison and J.A.C. 
Brown, The Lognormal Distribution (Cambridge University Press, 
1957), pp. 72-75. " .

2
It may be worthwhile to indicate why it is reasonable 

that the development should have followed an S-shaped growth curve. 
The dep eMen t variable can vary only between 0 and 100 per cent. If 
we C'onsider tiie development to be an adjustment process, the simplest 
reasonable time-path between 0 and 100 per cent is an ogive. While 
the supply of seed can increase exponentially, Æê market for seed 
is limited by the total amount of corn planted, and that will act 
as a damping factor. Also, if we interpret the behavior of farm­
ers in the face of this new, uncertain development as if they were 
engaged in sequential decision making, the ASN curve will be bell­
shaped , and the cumulative will again be S-shaped. See also H. 
Ho t tel in g, “Edgeworth’s Taxation Paradox and the Nature of Demand 
and Supply Curves,” Journal of Political Economy, XL (1932), 577­
616» The argument for the logistic is given by R. Pearl, Studies 
in Human Biology (Baltimore, 1924), PP• 558-583; and S. Kuznets, 
Secular Movements in Production and Prices (Boston: Houghton 
MiffIîn^ï^3ÔT^^
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flection point, and the first derivative with respect to time is 

given by

Qu XL

The rate of growth is proportional to the growth already achieved 

and to the distance from the ceiling. It is this last property 
9 

that makes the logistic useful in so many diverse fields.

There are several methods of estimating the parameters of 
3

the logistic. The method chosen involves the transformation of 

the logistic into an equation linear in a and b. By dividing 

both sides of the logistic by K-P and taking the logarithm, we 

get its linear transform, log = a + bt, allowing us to 
estimate the parameters directly by least squares.^ The value

Ipor a more detailed description of the logistic and its 
properties, see Pearl, op. cit.

^Perhaps the simplest interpretation of the logistic is 
given by A. Lotka, Elements of Physical Biology (Baltimore: 
Williams and Wilkins, 1925), p. 65. We are interested in the gen­
eral adjustment function, dP/dt = F(t), which is some function of 
time . Using a Taylor Series approximation and disregarding all 
the higher terms beyond the quadratic we get a function whose in­
tegral is the logistic. The logistic is the integral of the quad­
ratic approximation to the adjustment function.

See Pearl, op. cit.; H.T. Davis, The Theory of Econo­
metrics (Bl oomin gt on : Pr me ipia Press, 1941), chap. ii; and 
G. Tintner, Econometrics (New York: John Wiley and Sons, 1952), 
pp. 208-211 and the literature cited there.

Shis is a simplification of a method proposed by Joseph 
Berkson. Berkson’s method is equivalent to weighted least squares 
regression of the same transform with P(K-P) as weights. J• 
Berkson, "A Statistically Precise and Relatively Simple Method of 
Estimating the Bioassay with Quantal Response, Based on the Logis­
tic Function," Journal of the American Statistical Association, 
XLVIII (1953), 565-599, and "Maximum Likelihood and Minimum Chi­
Square Estimates of the Logistic Function," ibid., L (1955), 
130-162. Berkson proposed this procedure in the context of bio­
assay. It is not clear, however, whether the bio-assay model is 
applicable in our context, nor is it obvious, even in bio-assay, 
what system of weights is optimal. See also J. Berkson, "Estima- 
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of K, the ceiling, was estimated crudely by plotting the percent­

age planted to hybrid seed on logistic graph paper and varying K 

until the resulting graph approximated a straight line. After 

adjusting for differences in K, the logistic was fitted to the 

data covering approximately the transition from 5 to 95 per cent 

of the ceiling. The observations below 5 and above 95 per cent 

of the ceiling value were discarded because they are liable to 

very large percentage errors and would have had very little weight 

anyway in any reasonable weighting scheme. The period included 

in the analysis, however, accounts for the bulk of the changes in 

the data.

The procedure outlined above was used to calculate the 

parameters of the logistic for 31 states and for 132 crop report- 
1 

ing districts within these states. The states used account for 

almost all of the corn grown in the U.S. (all states except the 

West and New England). Out of a total of 249 crop reporting dis­

tricts only those were used for which other data by crop report­

ing districts were readily available. Districts with negligible 

amounts of corn and unreliable estimates of hybrid corn acreage 

tion by Least Squares and by Maximum Likelihood," Proceedings of 
the Third Berkeley Symposium on Mathematical Statistics^ I 
(Berkeley: University of California Press, 1956)» 1-11. Hence 
no weights were used. In view of the excellent fits obtained, it 
is doubtful whether different weighting systems would have made 
much difference.

^Each state is usually divided into nine crop reporting 
districts numbered in the following fashion:

N
12 3

W 4 5 6 E
7 8 9

s . 
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were also left out.^

The results of these calculations are presented in Tables 

1 and 2. Table 1 summarizes the state results, Table 2 the results 

by crop reporting districts. Time is measured from 1940, and 
( ~a-)- indicates the date at which the function passed through

the 10 per cent value.2 This date will be identified below with 

the date of "origin" of the development. Several things are note­

worthy about these figures: the high r2,s indicate the excellent 

fits obtained/ The b's, representing the slope of the transform 

or the rate of adjustment, are rather uniform, becoming lower as 

we move towards the fringes of the Corn Belt. The values of 

the date of "origin," indicate that the development 

started in the heart of the Corn Belt and spread, rather regu­
larly, towards its fringes/ The ceiling—K—also declines as 

we move away from the Corn Belt.

In this section we have succeeded in reducing a large

^It should be noted that the sum of logistics is not 
usually a logistic* However^ the logistic is also valid for an 
aggregate, as long as the components are similar in their de­
velopment. See L.J. Reed and R. Pearl, "On,the Summation of 
Logistic Curves," Journal of the Royal Statistical Society, XC 
(New Series, 1927)7^^74^ How good the approximation is in 
fact is indicated by the results below.

2This is derived by solving the following equation for 
% * logg (^ 2-d %) = a + k3 (0.1/0.9)= -2.2,

t -—5-----  •

?These r2’s should be taken with a grain of salt. They 
are the r^'s of the transform rather than of the original func­
tion and give less weight to the deviations in the center. Also, 
they do not take into account the excluded extreme values. Nev­
ertheless, an examination of the original date indicates that 
they are not a figment of the fitting procedure.

Iowa is
4«origin" is measured 
placed approximately

from 1940. Hence, the "origin" 
in 1936, and in Georgia in 1948.

in
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Table 1

HYBRID CORN LOGISTIC TREND FUNCTIONS BY STATES

States
’’Origin” 
-2 « 2—a 

b

’’Rate of 
acceptance” 

b
"Ceiling” 

K
r2

N.Y. - .89 .36 .95 .99
N .J. -1.48 .54 .98 .90
Pa. -1.29 .48 .95 .98

Ohio -3.35 .69 1.00 .97
Ind. -3.13 .91 1.00 .99
Ill. —4* 46 .79 1.00 .99
Mich. -1 • 44 .68 .90 .98
Wis. -3.52 .69 .91 .99

Minn. -3.06 .79 .94 .99
Iowa -4.34 1.02 1.00 .99
Mo. -3.32 .57 .98 .98
N.D. - .65 .43 .65 .96
S.D. — .40 .42 .85 .95
Neb. - .60 .62 .97 .99
Kan. .42 .45 .94 .97

Del. .21 .47 .99 .98
Md. - .73 .55 .98 .97
Va. 1.60 .50 .92 .97
W. Va. - .23 .39 .85 .98
N.C. 5.14 .35 .80 .89
S.C. 5.72 .43 .60 .96
Ga • 7.92 .50 .80 .99
Fla. 2.89 .38 .90 .93

Ky. .08 .59 .90 .99
Tenn. 2.65 .34 .80 .97
Al a. 7.84 • 51 .80 .99
Miss. 4.75 .36 .60 .98
Ark. 1.46 .41 .78 .99
La. 4.89 .45 .53 .99
Okla 3.57 .56 .80 .98
Tex. 3.64 .55 .78 .98

P = -------- £-------- : ]
1+e -(a+bt)

p
Log ^7 = & + bt; &1940 =; 0;

N - 6 to 16 " Max Sb = .06

Origin = Date of 10 per cent = 
b

—; measured from 1940. For

example, -4*0 “ 1936 and 7*0 - 1947•

Rate of acceptance = Slope - b 
Ceiling = K
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Table 2

HYBRID CORN LOGISTIC TREND FUNCTIONS BY CROP REPORTING DISTRICTS*

State and 
C.R.

District
"Origin” "Rate of 

Acceptance" "Ceiling" r2

Pa. 1 .15 .41 .85 .99
2 1.16 .49 .90 .99
3 .76 .46 .91 .98
4 •44 .47 .92 .99
5 .11 .62 •95 .98
6 -1.02 .55 .95 .99
7 — .63 .40 .90 .98
8 -I.O4 .54 .96 .99
9 -2.35 .60 .98 .97

Ohio 1 -3.22 1.25 1.00 .99
2 -2.73 .99 1.00 .98
3 “1.77 .75 .95 .98
4 -3.00 .90 1.00 .98
5 -3.19 .77 1.00 .98
6 -3.14 .69 .95 .94
7 -2.69 .88 1.00 .98
8 -1.78 .60 .95 .99
9 -1.80 .73 .9 5 .97

Ind. 1 -3.82 1.15 1.00 .99
2 -3.60 1.10 1.00 .99
3 -3.12 1.15 1.00 .99
4 -3.24 .95 1.00 .99
5 -2.85 1.07 1.00 .99
6 -2.63 1.12 1.00 .99
7 -1.67 .87 1.00 .96
8 -1.57 .82 1.00 .98
9 -1.88 .76 1.00 .98

Ill. 1 -4.81 1.13 1.00 .99
3 -4.59 .98 1.00 .99
4 —4*16 1.08 1.00 .99
4a -2.65 1.09 1.00 .99
5 —4» 68 1.17 1.00 .99
6 -4.25 1.18 1.00 .99
6a —2.46 .91 1.00 .99
7 - .81 .64 1.00 .97
9 - .58 .78 1.00 .97

*1 am indebted to the Field Crop Statistics Branch of the
AMS for the unpublished data by crop reporting districts.



Table 2—Continued

State and 
G.R.

District
"Origin" "Rate of 

Acceptance" "Ceiling" r2

Mich. ? -1.12 .77 .92 .97
8 -1.04 .89 .92 .98
9 -1.70 .78 .92 .98

Wis. 1 -2.17 .81 .85 .99
2 -2.22 .97 .70 .99
3 -2.42 .93 .60 .99
4 -3.24 .6? .95 .96
5 -2.54 .61 .90 .98
6 -3.O3 .87 .78 .99
7 —4 • 16 .89 .98 .99
8 -3.55 .88 .95 .99
9 -3.21 .72 .95 .98

Minn. 7 -3.08 1.36 1.00 .99
8 -3.66 1.14 1.00 .99
9 -3.04 1.01 1.00 .99

Iowa 1 -4.39 1.00 1.01 .99
2 -4.78 1.05 1.00 .99
3 ""4 * 46 1.00 1.00 .99
4 -3.71 1.12 1.00 .99
5 -4.70 1.13 1.00 .99
6 -5.15 1.09 1.00 .99
7 -2.74 1.25 1.00 .99
8 -3.61 1.07 1.00 .99
9 -4*15 1.10 1.00 .99

Mo. 1 -1.37 1.19 1.00 .97
2 -1.33 1.15 1.00 .95
3 -I.27 1.15 1.00 .96
4 -I.5I .66 .95 .98
5 — • 64 .78 .93 .99
6 -1.11 .72 .97 .97
7 .16 .46 .90 .99
8 .63 .63 .87 .99
9 - .94 .64 .97 .99

N.D. 9 .40 .74 .85 .96

S.D. 3 - .53 • 57 .90 .99
6 - .71 .85 .93 .99
9 -I.72 .75 .95 .99

Neb. 3 -2.48 .90 1.00 .99
5 .36 .82 .93 .99
6 -2.18 .85 1.00 .99
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Table 2—Continued

State and "Rate ofC.R. "Origin” "Ceiling” r2
Distriot Acceptance"

Neb. 7 2.33 .90 .95 .99
8 1.60 .94 .95 .99
9 - .77 .91 1.00 .97

Kan. 1 2.68 .41 .95 .95
2 1.52 .66 1.00 .98
3 — .88 .72 1.00 .99
6 - .88 .68 .92 .99
9 .73 .41 .95 .99

Md. 1 2.92 .37 .97 .94
2 -1.12 .64 1.00 .97
8 .88 .48 .98 .98
9 .40 .60 1.00 .93

Va. 2 .87 .68 1.00 .99
4 1.51 .61 .98 .93
5 2.37 .68 .95 .99 '
6 2.06 .63 .97 .96
7 1.21 .29 .80 • 85
8 2.18 .40 .85 .90
9 1.04 .50 .95 .96

Ky. 1 .67 .89 .95 .97
2 — • 42 .72 .98 .99
3 .49 .61 .90 .97
4 — .36 .83 .92 .99
5 - .77 .78 .90 .99
6 1.94 .62 .60 .98

Tenn. 1 .76 .29 .85 .97
2 1.88 .33 .55 .99
3 2.64 .39 .70 .97
4 2.53 .43 .75 .96
5 3.43 .35 .80 .91
6 2.94 .33 .70 .95

Ala. 1 7.73 .56 .60 .98
2 6.33 .57 .99 .99
2a 8.80 .45 .90 .97
3 7.68 .54 .95 .98
4 7.45 .42 .50 .95
5 8.08 .49 .70 .95
6 8.15 .39 • 60 .95
7 7.84 • 58 .85 .97
8 8.24 .45 .70 .97
9 8.53 .55 .90 .99
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Table 2—Continued

State and 
C.R.

District
"Origin" "Rate of 

Acceptance" "Ceiling" r2
Ark. 1 •41 .37 .75 .97

2 1.98 .40 .82 .98
3 .68 .50 .82 .99
4 2.24 .42 • 77 .99
5 1.89 .35 .85 .94
6 1.54 .35 .80 .99
7 1.66 .32 .55 .93
8 2.41 .37 .70 .92
9 1.88 .33 .85 .99

Okla. J 2.61 .49 .80 .97
5 3.62 .55 .90 .97
6 3.17 • 52 .88 •93
7 4.05 • 39 .80 .97
8 4.85 .67 .90 .98
9 4.08 .52 .75 .95

mass of data to three sets of variables—norigins,” "slopes,” and 

"ceilings.” "Thus on the basis of three numbers we are prepared, 

in principle, to answer all the questions the original data sheet 

can answer provided that the questions do not get down to the 

level of a single cell. . . . This is saying a great deal

The economic interpretation of the differences in the es­

timated coefficients will be developed in the following sections. 

The values of the different parameters are not necessarily inde­

pendent of each other, but for simplicity will be considered sepa­

rately. Variations in the date of origin will be identified with 

supply factors, variations in slopes with factors affecting the 

rate of acceptance by farmers, and variations in ceilings with de­

mand factors affecting the long run equilibrium position. In each 

case we shall consider briefly the implicit identification problem.

Ir.R. Bush and F. Mos teller, Stochastic Models for Learn­
ing (New York: John Wiley and Sons, 1955), p• 335»



CHAPTER III

THE SUPPLY OF A NEW TECHNIQUE

There is no unique way of defining the date of "origin" 

or of "availability.” Hybrid corn was not a single development. 

Various experimental hybrids were tried until superior hybrids 

emerged. After a while , these were again superseded by newer 

hybrids. Nor is there a unique way of defining "origin" with 

respect to the growth curve. The logistic is asymptotic to zero; 

it does not have a "beginning." Nevertheless, it is most im­

portant to distinguish between the lag in "availability" and the 

lag in "acceptance." It does not make sense to blame the southern 

farmers for being slow in acceptance, unless one has taken into 

account the fact that no satisfactory hybrids were available to 

them before the middle forties.

I shall use the date at which an area began to plant 10 

per cent of its ceiling acreage with hybrid seed as the date of 

"origin.The 10 per cent date was chosen as an indicator that 

the development had passed the experimental stage and that su­

perior hybrids were available to farmers in commercial quantities. 

The reasonableness of this definition has been borne out by a

^The date at which the fitted logistic passes through 10 
per cent is given by Y = (-2.2-a)/b. As the variation of b is small 
relative to that of a, small changes in the definition of Y will be 
in the nature of an additive constant and will rarely change the 
ranking of the date of "origin" in different areas.

-18-
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survey of yield tests in various states and has been supported by 

conversations with various people associated with developments in 

hybrid corn in the experiment stations and private seed companies. 

The geographical spread of hybrid corn, as defined above, is il­

lustrated in Figure 2.

"Availability" is the result of the behavior of agricul­

tural experiment stations and private seed companies. If we in­

clude the growers of station hybrids in the general term—"com­

mercial seed producers" — then availability is the direct result 

of the actions of seed producers with the experiment stations af­

fecting it through the provision of free research results and 

foundation stocks. The activities of the experiment stations 

serve to reduce the cost of innovation facing the seed producers 

but the entry decisions are still their own. The date at which 

adaptable hybrids became available in an area is viewed as the 

result of seed producers ranking different areas according to the 

expected profitability of entry and deciding their actions on 
2 .this basis. The relative profitability of entry into an area

i
This is essentially a definition of "commercial" avail­

ability. An attempt was made to measure the date of "technical" 
availability by going through yield tests and other official pub - 
lications and noting the first year in which hybrids clearly out- 
yielded the open-pollinated varieties. The rank correlation , , 
between this technical definition and the "10 per cent" definition 
was .93. The average lag between the technical and the commercial 
availability was approximately two years. Also, preliminary ex­
plorations with 1 and 5 per cent definitions, and with the rank 
of an area rather than the absolute date, indicated that the re­
sults are not very sensitive to changes in definition.

^Implicitly, we have assumed here that the lag between 
the entry decision and actual availability is approximately con­
stant or at least independent of other variables under analysis.
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will depend on the size of the eventual market in that area, 

marketing cost, the cost of innovating for that area, and (given 

a positive rate of interest) the expected rate of acceptance.

It is extremely difficult to define "market size" oper­

ationally. The definition is not independent of marketing cost 

or of the particular characteristics of the innovation (the area 

of adaptability of a particular hybrid) and is complicated by the 

arbitrariness of the political subdivisions used as the geographic 

units of analysis. The problem of the "right" geographic unit of 

analysis, however, will be postponed to the end of this section. 

As an approximation of the size of the market I shall use the 

average corn acreage in the area at about the time of entry, 

adjusted for differences in ceilings. That is, this acreage will 

be multiplied by .9 if that is the estimate of the fraction of 

the corn acreage which will be ultimately planted with hybrid 

seed. Because the political subdivisions are of various and 

sundry sizes, to make them more comparable the adjusted corn 

acreage was divided by total land in farms. The resulting variable—

X1 - (Average corn acreage) xK 
Total land in farms

2is a measure of "market density" rather than of "market size."

If the areas are not too different in size and in the range of 

adaptability of their hybrids ^market density will closely

^Throughout the paper it is assumed that the price of 
hybrid seed is given and approximately uniform in different areas. 
This is a very close approximation to reality and a result of a 
very elastic long run supply curve of seed.

2
Differences in seeding rates have been disregarded here. 

There is, however, some evidence that the results would have been 
somewhat better if were adjusted for these differences.
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approximate a relevant measure of market size. Also, in its own 

right, it is important as a measure of marketing cost, the rela­

tive cost of selling a given supply of seed in different areas. 

Under the name of 11 market potential,M such a variable was, in 

fact, used by at least one of the major seed companies in its de­

cision making process. Executives of the major seed companies, 

in my conversations with them, emphasized strongly that such a 

variable was one of the major determinants of their entry deci­

sions*

The importance of marketing cost is underscored by the 

striking differences in marketing methods of hybrid seed in dif­

ferent parts of the country. While almost 90 per cent of all the 

seed in the Corn Belt is sold by individual salesmen who call on 

each farmer, almost all of the seed in the South is sold through 

stores where the farmer must come and get it. The small size of 

the corn acreage per farm, the relative isolation of the small 

farm, and the large proportion of corn on non-commercial farms 

make the type of marketing used in the Corn Belt prohibitively 

expensive in the. South. The cost of selling a given amount of 

seed is quite different in various parts of the country, because 

to sell the same amount many more farmers have to be reached in 

one area than in another. As a measure of "average size of sale," 

I used average corn acres per farm reporting corn—

The estimated slope coefficient—b—was used as a measure 

of the expected rate of acceptance in different areas. This as­

sumes that producers were able to predict reasonably well the 

actual rate of acceptance. ;

There is no good way of estimating the relative costs of 
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innovatione It is probably true that there are no substantial 

differences in the cost of developing a hybrid from scratch for 

any corn growing area of the country and, if there were some, 

they would be swamped by the large differences in returns. A 

difficulty arises, however, from the fact that a hybrid may be 

adaptable in more than one area, allowing the cost of innovation 

to be spread over several areas, and because the experiment sta­

tions have borne a substantial part of the innovation cost by de­

veloping and releasing inbred lines and whole hybrids. That is, 

the actual cost of innovating for an area will depend on whether 

or not hybrids which have already been developed for other areas 

prove adaptable in this area, and on whether or not the experi­

ment stations have produced and released inbred lines or hybrids 

adaptable to this area.

Figure 2 illustrates well some of these points. For ex­

ample, the spread of hybrid corn was much faster in the East-West 

direction than it was in the North-South direction. One of the 

important things determining the range of adaptability of a par­

ticular hybrid is the length of the growing season and it is 

largely a function of latitude. Hence, the chances that the 

same hybrid will be adaptable east or west from the area for 

which it was originally developed are much higher than north or 

south of it. The earlier spread of hybrids to the North rather 

than to the South was at least in part due to the special con­

tributions of the Minnesota and Wisconsin Agricultural Experiment 

Stations. They had started breeding early and contributed sub­

stantially beyond what one would have expected just on the basis

of the relative importance of corn in their states. Similarly,
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one of the reasons that the Southwest had hybrid corn before the 

Southeast is the special contribution of the Texas and Louisiana 

Stations and the adaptability of some of the Corn Belt inbred 

lines there. The Southwest was not as different from the Corn 

Belt as the Southeast, nor did it suffer from the insect and 

disease problems which plagued the southeastern corn breeders.

Since most of the early research was done for the area 

known as the "Corn Belt," other areas benefited from the avail­

ability of these research results to a varying degree, depending 

on the adaptability of Corn Belt inbred lines to those areas. A 

measure of the degree to which other areas are different from the 

Corn Belt with respect to the adaptability of Corn Belt lines can 

be approximated by taking the published pedigrees of the recom­

mended hybrids in different areas in 1956 and computing the per­

centage of all inbred lines represented by "Corn Belt" lines. An 

index of "Corn Beltliness"——was defined as the number of Corn 

Belt inbred lines in the pedigrees of the recommended hybrids for 

that area, divided by the total number of lines.To take other 

aspects of the "complementarity" problem into account, another 

variable——was defined as the earliest date of entry ("origin") 

in the immediate (contiguous) neighborhood of the area under con-

^On the state level, a published list of recommended hy­
brids and their pedigrees was used, with Iowa, Illinois, Indiana, 
Ohio, and Wisconsin lines defined as "Corn Belt" lines. See C.B. 
Henderson, Inbred Lines of Corn Released to Private Growers from 
State and Federal Agencies and Double Crosses Recommended' by 
States, Second Revision (Champaign: Illinois Seed Producers’ As­
sdelation, April 15, 195o). On the crop reporting district level, 
I used unpublished data from the Funk Bros. Seed Co., listing 
their hybrids by "maturity groups" and giving coded pedigrees.
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sideration. The variable X1Q was introduced on the assumption 

that it may be cheaper, both from the point of view of the addi­

tional research needed and from the point of view of setting up a 

marketing organization, to enter an area contiguous to an area al­

ready entered even though the 11 market potential” there may be 

lower than in some other area farther away.

Using either the number of released inbred lines or hybrids 

or the reported research expenditures, several unsuccessful at­

tempts were made to measure the relative contribution of the 

various experiment stations. To some extent, however, the impact 

of this variable is already accounted for by our measures of the 

’’market.” The contribution of the various experiment stations 

is strongly related to the importance of corn in the area. In 

the ”good” corn areas the stations did a lot of work on hybrids,
2 in the marginal areas, less.

The simple correlation coefficients between these vari­

ables, on the state level and on the crop reporting district 

level, are presented in Tables 3 and 4, respectively. All of the 

correlation coefficients with Y have the expected sign and most 

of them are also significantly different from zero. However, the 

intercorrelation among the independent variables prevents us from 

successfully estimating their separate contributions from these

^his is analogous to the introduction of a lagged value 
of the dependent variable into the regression in time series 
analysis, except that the ”lag” here is spatial rather than a 
time lag.

^There are a few exceptions to this statement. In the 
North, Connecticut, Wisconsin, and Minnesota contributed more than 
their ”share,” and so did Texas and Louisiana in the South.
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Table 3

CORRELATION COEFFICIENTS ON THE STATE LEVEL—N = 31

*1 X3 b =4 110

Y - .44 -.35 —. 62 — .89 .82
21 .52 .77 .55 -.39
Xo .46 .28 -.36
b .68 -.51
x4 -.79

Table 4

CORRELATION COEFFICIENTS ON THE CROP REPORTING DISTRICT LEVEL 
N = 132

w
* N

 

cr

1

X10

Y -.55 -.35 -.70 -.73
Xl .69 .73 .57
XL .54 .40b3 .67
X4

cr\\O
O

x• 
• 

• 
• 

•
Illi

Y = Date of ’’origin." The date an area reached 10 per cent, 
computed. See Tables 1 and 2.

= Market density. For states: average corn acreage 1937-46 
times K, divided by land in farms in 1945• Similar for 
crop reporting districts but averaged over different 
periods, depending on the availability of data. Source: 
Agricultural Statistics, Census of Agriculture, and pub­
lished and unpublished materials from state agricultural 
statisticians.

Xo = For states, average corn acres per farm, 1939. Source:
J Census of Agriculture. By crop reporting districts: the 

same average corn acreage as in divided by the 1939 
or 1945 census number of farms reporting corn, depending 
on availability of data.

b “ The slope of the logistic transform, computed.
X4 = "Corn Beltliness." The proportion of all inbred lines ac­

counted by "Corn Belt" lines in the pedigrees of recom­
mended hybrid by areas. Source: C.B. Henderson, op. cit.

X10 “ Earliest date of origin in the immediate neighborhood.
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data.l Almost all sets and subsets of independent variables in 

these tables were tried without yielding more than one significant 
9 

coefficient in each multiple regression. These results are dis­

appointing, particularly because the highest correlations are with 

the rather artificial variables —"Corn Beltliness" and X^q—the
3

"spatial trend." Hence, another approach to the problem was 

sought.

The trouble with the above approach is that it does nothing 

about the problem of the "right" geographic unit of analysis. Con­

sidering only the "market density" variable, it is obvious that it 

does not always measure what we want. Markets are continuous. 

While some areas are poor by themselves, they may be a part of a 

larger market. Also, an area may be entered because it is a 

spring-board to other areas rather than on its own grounds. One 

way of taking these considerations into account is to define the 

"market potential" of an area as a weighted average of the "mar­

ket densities" in all areas, densities in other areas weighted 
inversely to the distance from the area under consideration.^

l
Results of regressions of Y on various combinations of 

the independent variables are presented in Appendix C, Tables 11 
and 12.

2Similar results Were obtained when the logarithms rather 
than the actual values of the independent variables were used.

^The good performance of Xio is not surprising. The 
smaller the geographic unit of analysis, the better will be the 
relationship between Y and X^^. This can be seen by comparing 
the correlation coefficients on the state and crop reporting dis­
trict levels. There is, however, another way of rationalizing 
the performance of X^. See p. 28, n.

^See W. Warnz, "Measuring Spatial Association with Special 
Consideration of the Case of Market Orientation of Production," 
Journal of the American Statistical Association, LI (December,
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Given more than a few areas, however, the calculation of such a 

variable becomes impracticable.

The trouble with our geographic units arises because 

states are too large while crop reporting districts are too small, 

and neither corresponds either to technical regions of adaptation 

of particular hybrids or to the decision units of the private 

seed companies. It is possible, however, to ask a more modest 

question: What were the characteristics of the areas entered in 

a particular year as compared with the characteristics of areas 

entered in another year? It is possible to aggregate areas ac­

cording to the year of entry and test the "market potential" hy­

pothesis on these aggregates. I shall define areas according to 

the year of entry, i.e., all districts with the "origin" in 1939 

will make up one such area, and aggregate the data by crop re­

porting districts into such areas. Given our "10 per cent" 

definition of "origin," we have sixteen such areas, 1935 to 1950. 

Alternatively, we would like to define areas according to the 

adaptability of particular hybrids. However, most hybrids over­

lap geographically and there is almost no data on the geographi­

cal distribution of particular hybrids, but there are breakdowns

1
It does suggest, though, a reason for the good perform­

ance of Xin. Consider a simple model in which the date of origin 
is a function of the "true" market measure, the "true" measure 
being a weighted average of the densities in all areas, weights 
declining with distance. This "true" measure can be approximated 
by the actual density in the area and the "true" measure in the 
immediate neighborhood. But the date of origin in the immediate 
neighborhood is a function of the "true" density there and can 
serve as its measure. This implies that is another measure 
of the "market!" For a similar approach in a different context, 
see M. Nerlove,."Estimates of the Elasticities of Supply of Se­
lected Agricultural Commodities," Journal of Farm Economics, 
XXXVIII (May, 1956), 500-503.
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of the country into "maturity regions." A major seed company 

breaks down the U.S. and its line of hybrids into eleven "maturity 

groups," locating the areas of adaptation of these groups on a 

map. It is possible to aggregate the crop reporting districts 

into these "technical" regions and ask whether high market areas 

were entered earlier than others. "

The results of these calculations are presented in Table 5

in the aggregation by year of origin, to simplify the calculations 

the actual "10 per cent or more" year rather than the calculated 

date from the logistic was used. For the technical regions the 

computed origins by districts were used, weighted by the average

corn acreage in the district and adjusted for differences in ceil­

ings. That is aggregate Y where A stands for average

corn acres, and K is the estimated ceiling. Aggregate was de­

fined as where L stands for total land in farms. Because 

of the simplicity of the computations involved in this particular 

approach, ninety more crop reporting districts were added at this 

point to the analysis, raising the number of included districts 

to 222. Where separate logistic curves were not computed, Y was 

estimated by linear interpolation. As the technical regions 

overlap, each of the aggregates includes a few districts also 

included in the neighboring aggregates.

To make the results comparable with those presented in 

Table 4, similar calculations were also performed on and X^. 

For the aggregation procedure by "date of origin," X^Q was

^-Because one of the "maturity" areas is much larger than 
the others, it was divided into two on a north-south basis. 
Hence, we have twelve technical regions in our analysis.
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Table 5

CORRELATION COEFFICIENTS BETWEEN THE AGGREGATES OF 
Y, Xp X4 and X10

Aggregation X1 *10

By "Date of Origin”: 
All Areas
N = 16

Y -.82 -.98 *95

*1 .82 — .64

-.93

By "Date of Origin": 
All Areas except 
the Southeast
N = 13 :

Y -.94 -.97 .96

%1 .90 — • 86

\ -.97

By "Technical Regions”; 
N = 12

Y -.69 -.82 .95

%1 .90 -.59

-.78

defined as the earliest date of origin in the immediate neighbor­

hood of the area defined by the procedure, and as a simple un­

weighted average for the districts included in the aggregate. For 

the aggregation by "technical regions,” X^q was defined as the 

lowest weighted average date of origin among the neighboring 

”technical regions.” No aggregation had to be performed on X^, 

as it had been originally defined and computed for these regions.

The results presented in Table 5 indicate a strong associa- 
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tion between the date of "origin" and average market density in 

the area, and suggest that the market density variable is more 
important than is implied by Tables 3 and 4/ This association 

is substantially higher if we exclude the Southeast from the ag­

gregation procedure. This is explained by the relative lateness 

of the research contributions of the southeastern experiment sta­

tions and by the various obstacles put in the way of private seed 

companies there. Also, after we come down to a certain low level, 

it does not really pay to discriminate between areas on the basis 

of Xjj the differences are too small, and other factors predomi­

nate. This is brought out when we ask the same question about the 

association of Y with Xj_ within each technical region separately. 

When regressions of Y on log X^ were computed for each of the 

technical regions separately, nine had the expected sign and were 

significantly different from zero, while the other three were not
2 ....significantly different from zero. This result is significant 

on a sign test alone. More interesting, however, is the fact 

that the r^’s had a rank correlation of .66 with the mean values 

of X^ in the respective regressions, indicating that the explana­

tory power of X^ is low when X^ itself is low.

Our aggregation procedure, besides indicating that X^ is 

a better variable than is implied by Tables 3 and 4» also helps 

us with the collinearity problem. Before aggregation, the partial 

correlation coefficient of Y with X^, holding X^q constant, was

^These results represent a linear approximation of the re­
lationship between Y and X^. There are indications that this 
relationship is of a more complex, non-linear form.

2See Appendix C, Table 14.



—32—

-.24 on the state level and only -.08 on the crop reporting dis­

trict level. Now it becomes -.90 for the aggregates by date of 

origin, -.84 when we leave out the Southeast, and -.64 for the 

data by technical regions. The regressions of Y on and X^ 

are presented in Table 6. The coefficient of X-^ has the expected 

sign and is significantly different from zero for the aggregates 

by "date of origin" and is almost twice the size of its standard 

error for the aggregates by technical region.

REGRESSIONS OF Y ON X^ AND X10

TABLE 6

Aggregation

! / r
Coefficients of

H2
21 11 *10

By "Date of Origin": 
All Areas

-17.8
(2.5)

1.02
(.07)

.982

By "Date of Origin": 
All Areas except 
the Southeast

-16.5
(3.4)

1.03 
(.07)

.977

By "Technical Region": -10.5
(5.6)

.88 
(.12)

.925

The figures in parentheses are the calculated standard 
errors.

On the basis of the data presented earlier in this chap­

ter, we found it difficult to discriminate directly between the 

hypothesis that hybrid corn was first introduced where it was

^Comparable regressions with the same variables on the 
state and crop reporting district level can be found in Appendix 
C, Tables 12 and 1^.
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most profitable to do so and the hypothesis that it just ”spread.” 

This difficulty arose because market density declines more or less 

uniformly as we move away from the center. Hence, the ”geo­

graphic trend" or "proximity" measure will be highly correlated 

with any reasonable measure of market density. The apparent high 

correlation between the "date of origin" and is then the re­

sult of both, real "proximity” variables operating through the 

cost side of entry and the high correlation of with market 

density.

In spite of these problems, the regression results pre­

sented in Table 6 indicate that it is possible to separate the 

contributions of X^ and X1Q if we define our geographic unit 

correctly. Moreover, we have additional evidence indicating 

that "market density" is a variable with a contribution of its 

own: (1) The original invention occurred on the East Coast, in 

New York and Connecticut. Why did then the commercial develop­

ment of hybrids begin in the heart of the Corn Belt rather than 

on the East Coast or someplace else? X^q does not explain it, 

while X^ does. The development started in the center of the 

market, where the expected returns from innovation were highest. 

(2) The same pattern of development was reproduced again on a 

smaller scale, in Southeastern Pennsylvania and the surrounding 

area. Why did Pennsylvania crop reporting district 9 reach 10 

per cent in hybrids before any of its neighbors? This is not ex­

plained by XiQ, whereas X^ does explain it. District 9 was a 

local market peak. It had a higher market density than any of 

the other districts in the immediate neighborhood.(3) Almost 

^The only other area which was earlier than all of its
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all of the executives of the major seed companies with whom I 

spoke emphasized the importance of the "size of the market" 

(which we have tried to approximate by ) as one of the main de­

terminants of their entry decisions.

While the quantitative results presented above may not be 

too conclusive, they, taken together with the information gathered 

in conversations with executives in the industry and a graphical 

survey of the data, leave little doubt in my mind that the develop­

ment of hybrid corn was largely guided by expected pay-off, "bet­

ter" areas being entered first, even though it may be difficult 

to measure very well all the variables entering into these 

calculations.

neighbors, district 3 of Florida, was not a local market peak. 
The early development there was due to the special contribution 
of the Florida Agricultural Experiment Station, or, more cor­
rectly, the contribution of one man—Dr. F.H. Hull. However, 
while the district was earlier than its neighbors, it did not 
serve as a center for another geographic wave of hybrid corn, 
the way district 9 of Pennsylvania did.



CHAPTER IV

THE RATE OF ACCEPTANCE

Differences in the "slope" or adjustment coefficient b 

will be interpreted as differences in the rate of adjustment of 

demand to the new equilibrium, and will be explained by variables 

operating on the demand side rather than by variables operating 
on the supply side.^ Actually, the path traced out is an inter­

section of short run supply and demand curves. However, it is 

assumed that, while shifts on the supply side determine the 

origin of the development, the rate of development is largely a 
2 demand, or "acceptance," variable. The usefulness of this as­

sumption is due to a very elastic long run supply of seed and is

The dimension of b, the adjustment coefficient may be 
of some interest. It indicates by how much the value of the 
logistic transform will change per time unit. A value of b = 1.0 
implies that the development will go from, for example, 12 to 27 
to 50 to 73 to 88 per cent from year to year; that is, the dis­
tance from 12 to 88 per cent will be covered in four years. A 
value of b = 0.5 would imply a path: 12, 18, 27, 38, 50, 62, 73, 
82, 88, etc. It would take twice the time, eight years, to trans­
verse the same distance. If one thinks in terms of the cumulative 
normal distribution positioned on a time scale, which is very 
similar to the logistic, then b is approximately proportional to 
1 /^. A low standard deviation implies that it will take a short 
time to go from, for example, 10 to 90 per cent, while a higher 
standard deviation implies a longer period of adjustment.

2Implicitly, we have the following model: the potential 
adjustment path of supply is an exponential function, which after 
a few years rises quickly above the potential adjustment function 
of demand. The demand adjustment function has the form of the 
logistic. The actual path followed, is the lower of the two, 
which after the first few years is the-demand path.
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supported by the fact that only local and transitory seed short­

ages were observed. On the whole, the supply of seed was not the 
limiting factor.^

Differences in the rate of acceptance of hybrid corn, the 

differences in b, are due, at least in part, to differences in the 

profitability of the changeover from open pollinated to hybrid 

seed. This hypothesis is based on the general idea that the larger 
2 

the stimulus the faster the rate of adjustment to it. Also, in a 

world of imperfect knowledge, it takes time to realize that things 

have in fact changed. The larger the shift the faster will entre­

preneurs become aware of it, "find it out," and hence they will 

react more quickly to larger shifts.

My hypothesis is that the rate of acceptance is a function 

of the profitability of the shift, both per acre and total. Per 

acre profitability may be defined as the increase in yield due to

"Clearly it would have been physically impossible for a 
large percentage of operators to have planted hybrids in the early 
thirties. There simply was not enough seed. It seems likely, how­
ever , that this operated more as a potential than an actual limita­
tion upon the will of the operator, and that rapidity of adoption 
approximated the rate at which farmers decided favorably upon the 
new technique," B. Ryan, "A Study in Technological Diffusion," 
Rural Sociology, XIII (1948), p. 273. Similar views were expressed 
to the author by various people closely associated with the de­
velopments in hybrid corn.

2For example, "The greater the efficiency of the new tech­
nology in producing returns . . . the greater its rate of accept­
ance." "How Farm People Accept New Ideas," Special Report No. 15, 
Agricultural Extension Service, Iowa State College, Ames, November, 
1955, p. 6.

\his is analogous to the situation in sequential analysis. 
The ASN (average sample number) is an inverse function of, among 
other things, the difference between the population means. That 
is, the larger the difference between the two things which we are 
testing, the sooner will we accumulate enough evidence to convince 
us that there is. a difference. See A. Wald, Sequential Analysis 
(New York: John Wiley and Sons, 1947).
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the use of hybrid seed, times the price of corn, and minus the 
difference in the cost of seed.^ As there is very little relevant 

cross-sectional variation in the price of corn, the seeding rate, 

or the price of seed, these will be disregarded and only differ­

ences in the superiority of hybrids over open pollinated varieties 
2 taken into account.

I shall use two measures of the superiority of hybrids 

over open pollinated varieties : (1) the average increase in yield

in bushels per acre, based on unpublished mail questionnaire data 

collected by the AMS—X?, and (2) the long run average pre-hybrid 

yield of corn—Xg. The latter measure was used on the basis of 

the widespread belief that the superiority of hybrids can be sum-
3

marized adequately as a percentage increase. A variation in pre­

hybrid yields, given a percentage increase, will also imply a 

variation in the absolute superiority of hybrids over open pol­

linated varieties. Twenty per cent is the figure quoted most

Of course, hybrids differed from open pollinated varie­
ties not only in yield but also in improved standability, uni­
formity, and disease resistance. However, there are no good 
quantitative measures of the improvement in factors other than ' 
yield and, besides, most of these were strongly correlated with 
the yield increases.

2
The apparent cross-sectional variation in the average 

price of hybrid seed is largely due to differences in the mix of 
"public" versus "private” hybrids bought by farmers. The "public" 
hybrids sell for about $2.00 less per bushel. The rank correla- . 
tion between the average price paid for hybrid seed and the es­
timated share of "private" hybrids in 1956 was .73»

3The data from experiment station yield tests indicate 
that this is not too bad an assumption. See Sprague, op. cit., 
and the literature cited there. It is unfortunate that these 
data are not comparable between states and, hence, cannot be 
used directly in this study.
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often for this superiority.

Average corn acres per farm, Xy were used to add the im­

pact of total profits per farm.

As the value of b depends strongly on the ceiling K, to 

make them comparable between areas, the b’s had to be adjusted 

for differences in K. Instead of b, b’ = bK was used as the de­

pendent variable, translating the b’s back into actual percentage 

units from percentage of ceiling units. Alternatively, one could 

have adjusted the independent variables to correspond only to that 

fraction of the acres which will eventually shift to hybrids. But 

there are no data for making such an adjustment, hence b was 

adjusted to imply the same actual percentage changes in different 
2 areas.

Linear and log regressions were calculated for the data 

from 31 states and 132 crop reporting districts. The results 
3 are presented in Table 7* The figures speak largely for them-

”If an average percentage increase in yield to be ex­
pected by planting hybrids as compared to open pollinated varie­
ties were to be computed at the present it would probably be near 
20 per cent. . . .” J.T. Swartz, ”A Study of Hybrid Corn Yields 
as Compared to Open Pollinated Varieties” (Insurance Section, 
FCIO, Washington, April and May, 1942), unpublished manuscript. 

"Experience in other,corn-growing regions of the United 
States shows that ihereases of approximately 20 per cent over the 
open pollinated varieties may be expected from the use of adapted 
hybrids. Results so far in Texas are in general agreement with 
this figure." J.S. Rogers and J.W. Collier, Corn Production in 
Texas (Texas Agricultural Experiment Station, Bulletin 746, 
February, 1952), p. 7» ...

wpian.t breeders conservatively estimate increase in yields 
of 15 to 20 per cent from using hybrid seed under field conditions. 
They expect about the same relative increases in both low—and high 
—yielding areas." U.S.D.A., Technology oh the Farm (Washington, 
1940), p. 22.

2
- This.adjustment affects our results very little. See 

Table 8, p. 40.
^£7 was not used on the state level because it was felt
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Table 7

REGRESSIONS OF ’’SLOPES” ON ’’PROFITABILITY” VARIABLES

Regression

i : i )

Coefficients of R2
x3 %7 x8

By states—N = 31:

b’=00+03X3+08X8 .006
(.002)

.017 
(.005)

.66

log b’=oo+C31og X3 
+cslog xg

By crop reporting 
districts—N = 132;

.30 
(.08)

.66
(.11)

.67

b’=00+03X3+07X7 .0073
(.0008)

.079
(.009)

.57

b’=C0+C ^X-j+CgXg .0076 
(.0007)

.016 
(.002)

.61

log b’=co+C31og X3 
+07log X7

• 44 
(.04)

.70
(.09)

.61

log b’=oo+O31og X3 
+cglog Xg

• 44 
(.03)

• 57 
(.05)

.69

Figures in parentheses are the calculated standard errors.
Xo - Average' corn acres per farm reporting corn.
X7 - The average difference between hybrid and open pollinated 

yields by districts, tabulated only from reports showing 
both and averaged over 4 to 10 years, depending on the 
overlap of the available data with the adjustment period 
(10 to 90 per cent). Based on unpublished AMS "Identicals” 
data.

X* - Pre-hybrid average yield. Usually an average for the ten 
° years before an area reached 10 per cent in hybrids.

Sometimes fewer years were used, depending on the available 
data. Source: States - Agricultural Statistics. Crop 
reporting districts—various published and unpublished 
data from the AMS and from State Agricultural Statisticians. 
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selves, indicating the surprisingly good and uniform results ob­

tained. The log form and rather than X- did somewhat better o /
but not significantly so. The similarity of the coefficients in 

comparable regression is striking. For example, compare the coef­

ficients of Xy and Xg in the log regressions and all the coeffi­

cients in similar regressions on the state and crop reporting 

district levels. These results were also similar to those ob­

tained in preliminary analyses using b rather than b• as the de­

pendent variable.

An attempt was made to incorporate several additional 

variables into the analysis.' Rural sociologists have suggested 

that socio-economic status^or level-of-living is an important de- 
2 

terminant of the rate of acceptance of a new technique. The USDA

that the aggregation error would be too large. We want an average 
of differences while I could only get a difference between averages. 
For some states this difference exceeded the individual differences 
in all the crop reporting districts within the state.

n '

REGRESSIONS OF UNADJUSTED "SLOPE" ON "PROFITABILITY” VARIABLES

Table 8

Regression
Coefficients of „ ---- K4 
z3 X7 Xg

b-Co+CgXo+CyXn 
N = 65 _

.005 .06 .40
(.001) (.01)

b=co+C3X3+C8X8
N = 32

.005 .022 .75
(.001) (.002)

These were calculated for sub-samples of 65 and 32 crop reporting 
districts.

^See "How Farm People Accept New Ideas," op. clt.; and 
E.A. Wilkening, "The Acceptance of Certain Agricultural Programs 
and Practices in a Piedmont Community of North Carolina" (unpub­
lished ph.D. thesis, University of Chicago, 1949); and Acceptance
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level-of-living index for 1939, when added to the regressions by 

states, had a negative coefficient in the linear form and a posi­

tive coefficient in the logarithmic form. In neither case was 

the coefficient significantly different from zero.

A measure of the "importance" of corn—the value of corn 

as a percentage of the value of all crops—was added in the be­

lief that the rate of acceptance may be affected by the relative 

importance of corn within the farmer's enterprise. However, its 

coefficient was not significantly different from zero. Nor was 

the coefficient of total capital per farm significantly differ­

ent from zero. The latter variable was introduced in an attempt 
to measure the impact of "capital rationing."^ '

The rate of acceptance may also be affected by the "ad­

vertising" activities of the extension agencies and private seed 

companies. However, there are no data which would enable us to 

take it into account. There is also some evidence that the esti­

mated rate of acceptance will be affected by the degree of aggre­

gation and the heterogeneity of the aggregate. Heterogeneous 

areas imply different component growth curves and hence a lower 

aggregate slope coefficient. This is exhibited by the lower state 

values for to as compared to the values for the individual crop 

reporting districts within these states. No way has been found, 

however, to introduce this factor into the analysis.

of Improved Farm Practices in Three Coastal Plain Counties (Tech. 
Bull. No. 98, North Carolina Agricultural Experiment Station, 
May, 1952).

iThe failure of the last two variables is due largely to 
their strong intercorrelation with the included variables. "Im­
portance" is highly correlated with average yield and capital with 
corn acres per farm. When used separately, these two variables 
did as well on the state level as yield and corn acres per farm. 
See Appendix C, Table 14,
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Nevertheless, our results do suggest that a substantial 

proportion of the variation in the rate of acceptance of hybrid 

corn is explainable by differences in the profitability of the 

shift to hybrids in different parts of the country.



CHAPTER V

THE EQUILIBRIUM LEVEL OF USE

I am interpreting the "ceilings” as the long run equilib­

rium percentages of the corn acreage which will be planted to hy­

brid seed. Differences in the percentage at which the use of 

hybrid seed will stabilize are the result of long run demand 

factors. It is assumed that in the long run the supply condi­

tions of seed are the same in all areas, the same percentage in­

crease in yield over open pollinated varieties at the same rela­

tive price.1 However, this same technical superiority may mean 

different things in different parts of the country.

The ceiling is a function of some of the same variables 

which determine b, the rate of acceptance. It is a function of 

average profitability and of the distribution of this profit­

ability. With the average above a certain value no farmer will 

be faced with zero or negative profitability of the shift to hy­

brids. With the average profitability below this level some 

farmers will be facing negative returns and hence will not switch

^This is not a necessary assumption, but it is forced 
upon us by the lack of consistent data on differences in the 
superiority of hybrids in different parts of the country (see 
Appendix A). A fixed percentage superiority is the most simple 
assumption one can make. Obviously, this assumption did not hold 
everywhere, and we would have done better if we had taken account 
of the deviations from it in our analysis. Nevertheless, even 
without taking them into account, we are still able to explain 
a substantial proportion of the spûtial variability in ceilings.
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to hybrids. In marginal corn areas, however, "average profit­

ability" may become a very poor measure. Its components lose their 

connection with the concepts they purport to represent. Yield 

variability may overshadow the average increase from hybrids. The 

relevance of the published price of corn diminishes. In many 

marginal corn areas there is almost no market for corn off the 

farm. The only outlet for increased production is as an input in 

another production or consumption process on the farm. But on 

farms on which corn' is a marginal enterprise, with little or no 

commercial livestock production, the use of corn is limited to 

human consumption, feed for draft animals, a cow and a few chick­

ens. The farmer is interested in producing a certain amount of 

corn to fill his needs, having no use for additional corn. It 

will pay him to switch to hybrid corn only if he has alternative 

uses for the released land and other resources which would re­

turn him more than the extra cost of seed. But in many of these 

areas corn is already on the poorest land and uses resources left 

over from other operations on the farm. Also, there may already 

be substantial amounts of idle land in the area. All these fac­

tors may tend to make hybrids unprofitable although they are 

"technically" superior. Similarly, in areas where capital ration­

ing is important, the recorded market rate of interest will be a 

poor measure of the opportunity costs of capital. While the re­

turns to hybrid corn may be substantial, if corn is not a major 

crop, the returns to additional investments in other branches of 

the enterprise may be even higher.

Ceilings are not necessarily constant over time. Even 

without any apparent change in the profitability of the shift from 
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open pollinated to hybrid corn, they may change as the result of 

a change in the relative profitability of corn growing, an improve­

ment in the functioning of the market for corn, or an increase in 

storage facilities. Also, in areas where there are large year to 

year changes in the corn acreage, the percentage planted to hybrid 

seed may fluctuate as a result of the differential exit and entry 

of hybrid and open pollinated seed using farmers in and out of 

corn. These changes may occur without any "real" changes in the 

relative profitability of hybrids or in farmers’ attitudes toward 

them. It is very difficult to deal statistically with a develop­

ment composed of a series of adjustments to shifting equilibrium 
values.1

As a first approximation I shall ignore this problem. 

Only in the marginal corn areas is this of some importance. For 

most of the Corn Belt the assumption of an immediate ceiling of 

100 per cent is tenable. In the fringe areas ceiling values 

somewhat lower than 100 per cent fit very well. There are some 

indications that in the South ceilings may have shifted over time, 

but I doubt that this is important enough to bias seriously our 

results.

In spite of all these reservations and the crudeness with 

which the ceilings were estimated in the first place, it is pos­

sible to explain a respectable proportion of their variation with 

the same "profitability" variables that were used in the analysis 

of "slopes." Because there is a ceiling of 1.00 to the possible 

3-1 am aware of only one attempt in the literature to deal 
with this kind of problem. See C.F. Roos and V. von Szelisky, 
"Factors Governing Changes in Domestic Automobile Demand," par­
ticularly the section on "The Concept of a Variable Maximum Own­
ership Level," in Dynamics of Automobile Demand (New York: Gen­
eral Motors Corporation, 1939), pp. 36-38.
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variation in K, the logistic function was used again,

us logit K = log as our dependent variable. As

substantial number of areas with K = 1.0, a value not

giving 

there were a 

defined for

the transform, two approximations were used. On the state level

all values of K = 1.0 were set equal to .99, while on the crop 

reporting level, where there was no problem of degrees of free­

dom, these values were left out of the analysis. —average

corn acres per farm, and Xg—pre-hybrid yield, were used as

"profitability" measures, and X^—capital per farm, was added 

to take "capital rationing" into account.

The results of these calculations are presented in Table 

9. They indicate that differences in measures of average profit­

ability, differences in average corn acres and pre-hybrid yields, 

can explain a substantial proportion of the variation in "ceil­

ings," the long run equilibrium level of hybrid seed use. The 

proportion of the variation explained on the state level is sub­

stantially higher, indicating that additional variables which may 

be at work on the crop reporting district level may cancel out 

on the state level. For example, the coefficient of capital in­

vestment per farm, a measure of "capital rationing," is signifi­

cantly different from zero on the crop reporting district level 

but not on the state level. "Undoubtedly this analysis could be 

improved by the addition of other variables but I would not ex­

pect it to change the major conclusion appreciably.
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Table 9

REGRESSIONS OF LOGIT K ON ’’PROFITABILITY” VARIABLES

Regression •
Coefficients of

R2
^3

j •
% Xu

By states—N=31;

.03 
(.01)

.11 
(.02)

.71

oo+o3logX3-cglogKg 1.94 
(.56)

5.88
(.80)

.71

+ciilogXii 1.55 
(.84)

5.25
(1.30)

• 71 
(1.14)

.72

By crop reporting 
districts—N ~ 86:

.,^10^1.^ 1.09
(.48)

2.22 
(.61)

1.35 
( .64)

.39

Figures in parentheses are the calculated standard errors.

- Average corn acres per farm.

Xg - Pre-hybrid yield.

Xnj— On the state level, value of land and buildings per farm, 
x 1940. Source: Statistical Abstract of the United States,

1948, p. 600. On the crop reporting district level, total 
capital investment per farm, 1949. Computed from Table 11, 
E.G. Strand and E.O. Heady, Productivity of Resources Used 
on Commercial Farms (Washington: U.S.D.A., Technical 
Bulletin No. 1128, November, 1955), P• 45•



CHAPTER VI

SUMMARY AND CONCLUSIONS

The above analysis does not purport to present a complete 

model of the process of technological change. Rather the approach 

has been to break down the problem into manageable units and to 

analyze them more or less separately. I have concentrated on the 

longer run aspects of technological change, interpreting differ­

ences in the pattern of development of hybrid corn on the basis 

of the long run characteristics of various areas, and ignoring 

the impact of short run fluctuations in prices and incomes. This 

limitation is not very important in the case of hybrid corn be­

cause the returns from the changeover were large enough to swamp 

any short run fluctuations in prices and other variables.It 

may, however, become serious were we to consider other technical 

changes requiring substantial investments, and not as superior to ( 

their predecessors as was hybrid corn. Nor can we transfer the 

particular numerical results to the consideration of other de­

velopments. Nevertheless, a cursory survey of trends in the 

number of cornpickers and tractors on farms, and of trends in the 

use of fertilizer, does indicate that it might be also possible 

to apply a version of our approach to their analysis.

^.Estimates made for Kansas data indicate returns from 
300 to 1000 per cent on the extra cost of seed.

variables.It
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While it is not original, I think it is useful to re­

iterate that technological changes in U.S. agriculture are gradual 

and follow a ”growth ourve" pattern. More important, this under­

lying pattern of change, at least for changes yielding large re­

turns, is very little affected by short run fluctuations in prices 

and incomes. That is, nothing much more than "growth" is reflected 

in the series. Even in the case of such costly and long run in­

vestments as tractors, it took the deep depression years of 1932­

34 to leave a visible ripple on the otherwise smooth pattern of 

growth. On the whole, this contradicts the arguments about tech­

nology "jumping" in response to higher prices advanced by 
1 Cochrane.

Once an invention has occurred, a useful and feasible idea 

has been published, the process of innovation, of developing the 

new idea and adapting it to the particular conditions of various 

markets is largely a process which is guided by economic consider­

ations. In particular, the decision as to which of the possible 

markets should be supplied first with the new technique is made 

on the basis of the relative profitability of entry into the 

various markets.

The rate at which an innovation is accepted is largely a 

function of the relative profitability of the innovation. Of 

course the particular characteristics of the innovation are also 

important, but the importance of relative profitability becomes 

apparent when we consider differential rates of acceptance of 

the same innovation in different parts of the country.

. Cochrane, An Analysis of Farm Price Behavior,
Progress Report No. 30 (State College: Pennsylvania^SLate Col­
lege, May, 1951)»
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Similarly, the level at which the use of the new tech­

nique is stabilized is largely determined by economic variables. 

In areas of high average profitability, the changeover is profit­

able for everybody, and everybody will eventually switch to the 

new technique. In areas where the average profitability is low, 

there will be a fraction of the population to whom the switch is 

actually not worth the cost, and they will persist in the use of 

the old technique.

In this context one may say a few words about the impact 

of "sociological" variables. It is my belief that in the long 

run, and cross-sectionally, these variables tend to cancel them­

selves out, leaving the economic variables as the major determi.-* 

nants of the pattern of technological change. This does not 

imply that the "sociological" variables are not important if one 

wants to know which individual will be first or last to adopt a 

particular technique, only that these factors do not vary very 

much cross-sectionally. Partly this is a question of semantics. 

With a little ingenuity, I am sure that I can redefine 90 per 

cent of the "sociological" variables as economic variables. 

Also, some of the variables I used, e.g., yield of corn and corm 

acres per farm, will be very highly related cross-sectionally 

to education, socio-economic status, level-of-living, income, 

and other "sociological" variables. That is, it is very diffi­

cult to discriminate between the assertion that hybrids were ac­

cepted slowly because it was a "poor corn area" and the assertion 

that the slow acceptance was due to "poor people." Poor people 

and poor corn are very closely correlated in the U.S. Neverthe­

less, one may find a few areas where this is not so. Obviously, 
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the slow acceptance of hybrids on the western fringes of the Corn 

Belt, in western Kansas, Nebraska, South Dakota, and North Dakota 

is not due to poor people, but, the result of "economic" factors, 

poor corn area.

There is an interesting implication in some of the above. 

Hybrid corn was an innovation which was more profitable in the 

"good" areas than in the "poor" areas. This,probably, is also a 

characteristic of many other innovations besides hybrid corn. 

Obviously, tractors contribute more on larger than on smaller 

farms, and so forth. Hence, there may be a tendency for techno­

logical change to accentuate regional disparities in levels of 

income and rates of growth. Moreover, this tendency is rein­

forced by the economics of the innovation process, which results 

in the new techniques being supplied to the "good" areas before 

they are supplied to the "poorer" areas, and also because these 

techniques are accepted faster in the same areas. As Haavelmo 

has shown, a lag of this sort by itself can cause long run re­
' i

gional differences in levels of income. The kinds of inventions 

we get, and the process by which they are distributed, may lead 

to the aggravation of the already serious problem of regional
2 

differentials in levels of income and growth.

Looking at the hybrid seed industry as a part of the 

specialized sector which provides us with technological change, 

it can be said that both private and public funds were allocated

^T. Haavelmo, A Study in the Theory of Economic Evolution 
(Amsterdam: North Holland Publishing Company, 1954)«

If, however, areas and people that are "good" with re­
spect to one of the new techniques are "bad" with respect to an­
other technique, then these tendencies may cancel out. 
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efficiently within that sector. Given a limited set of resources, 

the hybrid seed industry expanded according to a pattern which 

made sense, allocating its resources first to the areas of highest 

returns. In this context, the importance of the free interchange 

and dissemination of research results between experiment station 

workers and private corn breeders in the Corn Belt cannot be over­

estimated. It illustrates clearly the gains from a free exchange 

of knowledge. Not all was a bed of roses, however. In some areas, 

experiment stations tried to hang onto their research results, 

their inbred lines, restricting the distribution of "their" lines 

only to special sectors of the industry, the producers of "sta­

tion" hybrids. Even more deleterious was the use, in some areas, 

of state police powers to support a local "infant" seed industry, 

and prevent the entry of "big," "foreign" private seed companies. 

Interference with the free market, in this as in other areas, was 

not particularly beneficial either to farmers or to the economy 

at large.

With respect to hybrid corn specifically, the contribution 

of this study is in the improved understanding of a body of data. 

What started out as a puzzle about the peculiar patterns in the 

data has been answered. The level of use of hybrid seed is 

largely determined by the date on which superior hybrids become 

available for an area, and the rate at which they are accepted 

by farmers. The date at which hybrids became available in 

various areas is the result of the relative contributions of the 
various experiment stations and the activities of the private 

companies guided by the profit motive. For example, the South 

was late in getting hybrids both because marketwise it was sub­

stantially inferior to other areas, and because (for similar 
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reasons) the southern experiment stations did not produce any­

thing of importance until the middle forties. Similarly, the 

rate of acceptance of hybrids by farmers in the Corn Belt was 

substantially higher than in the South because the absolute 

profitability of the changeover to hybrids was much higher there 

too.

The American farmer appears to have adjusted rationally 

to these new developments. Where the profits from the innovation 

were large and clear cut, the changeover was very rapid. It took 

Iowa farmers only four years to increase their acreages in hybrid 

corn from 10 to 90 per cent. In areas where the profitability 

was lower, the adjustment was also slower. On the whole, taking 

account of uncertainty and the fact that the spread of knowledge 

is not instantaneous, farmers have behaved in a fashion consistent 

with the idea of profit maximization. Where the evidence appears 

to indicate the contrary, I would predict that a closer examination 

of the relevant economic variables will show that the change was 

not as profitable as it appeared to be.



APPENDIX A

SOURCES AND LIMITATIONS OF DATA

1. The percentage of total corn acreage planted with hybrid seed. 

The percentage planted with hybrid seed in each state and 

year since 1933, is given in various volumes of Agricultural 

Statistics. The figures by crop reporting districts have not 

been published, except by a few states. They were furnished to 

me by the Field Crops Statistics Branch of the AMS. These per­

centages are estimated by State Agricultural Statisticians and 

the Crop Reporting Board on the basis of answers to the annual 

mail questionnaire sent out to farmersThe answers to the 

questionnaire are tabulated and then adjusted for non-response 

and other factors. Besides the usual limitations and biases 

common to most of our agricultural statistics, a particular bias, 

of special interest to us, is introduced into the data by the es­

timating procedure . In essence, the Board’s instructions to the

^The general method of collecting these statistics is 
described in BAE, USDA, Agricultural Estimating and Reporting 
Services of the USDA, Mise. Pub. 7^3 IWashIngton7 1949T^ A rele­
vant critique of these methods can be found in Ivan M. Lee, "A 
Critical Evaluation of Available Agricultural Statistics,” re­
printed in Crop Estimating and Reporting Services of the pepart- 
mant of Agriculture, Report and Recommendations of a special 
anhnnmmittae of the Committee on Agriculture of the House of 
Representatives, 82nd Congress, 2nd Session (U.S. Government 
Printing Office, 1952), pp. 54-61. For our purposes, it will 
suffice to note that these estimates are based on returns from 
mail questionnaires sent to a biased list and characterized by 
a very high rate of non-response (about 0.7)•
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State Statisticians read : "When in doubt, use a growth curve to 

adjust the data." Hence, the good fits of the logistics may have 

been built into the data by the estimating procedure. However, 

having read through a file of correspondence between the Crop Re­

porting Board and the State Agricultural Statisticians, I do not 

think that this source of bias is very important. No specific 

growth curve was prescribed, just the general idea of one, and 

both from the correspondence and the actual data it appears that 

very high weight was given to the actual tabulations of the mail 

responses. Also, the actual data is full of cross-sectional and 

year to year variations, indicating that the "smoothing by a growth 

curve" did not play a major role in the estimating procedure. Nev­

ertheless, because of this and also because the sample size is 

smaller, the crop reporting district estimates are less reliable 

than the state estimates. For similar reasons, the estimates of 

the percentage planted with hybrids in marginal and unimportant 

corn areas are less reliable than the estimates in other areas. 

On the whole, however, these data seem to reflect very well the 

actual history of hybrid corn, particularly in the major corn 

areas.

II. The superiority of hybrids over open pollinated varieties.

Three specific sources of data are available for this 

purpose;

(1) During 1939-41, as a part of its annual "Corn pro­

duction Data," the AAA collected data on yields of open pollinated 

and hybrid corn, by counties, in the "Commercial Corn Area." 

While it is not too clear from the records (the data were never



—56— 

published) how these data were collected, my impression is that 

they were the result of an actual enumeration of all the farms in 

the Commercial Corn Area.

(2) Since 1939 the AMS has been collecting separate data 

on yields of open pollinated and hybrid corn. These data were 

never published and their collection was discontinued in 1953* 

They are a summary of answers to a judgment question added to the 

December General Schedule. These data were summarized by crop 

reporting districts and states for an increasing number of states. 

To eliminate bias a special tabulation was made including only 

those reports which reported both hybrid and open pollinated 

yields. It was felt oy the AMS that this would give a better in­

dication of the differential between hybrid and open pollinated 

yields. This special tabulation will be referred to as 
"Identicals."I

(3) Since the 1930’s, beginning with the Iowa Agricul­

tural Experiment Station, almost all of the agricultural experi­

ment stations have conducted some kind of a yield trial comparing 

the yields of various hybrids and open pollinated varieties. The 

data from these tests will be referred to as ABS material. These 

data raise several difficult problems. They represent results on 

one or several fields in a whole state, conducted under varying 

and better than average conditions. The relation between the 

experiment station results and what the farmer may expect on his 

own farm is not clear. In particular, this relation may not re­

main constant between different states. For example, while the

A similar tabulation of the AAA data is available for 
Illinois only.
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average yield in Iowa tests was around 80 bushels per acre at a 

time when the average yield for the state was around 40 bushels, 

the North Carolina tests averaged more than 100 bushels, but at 

the same time the average state yield was only around 30 bushels. 

This implies that one cannot compare directly the differential of 

hybrids over open pollinated varieties from the Iowa tests with 

those from the North Carolina tests. Nevertheless, within each 

state these data may give reasonably good rankings of subareas 

according to the magnitude of the differential.

The ABS data could have been very useful in providing an 

"objective" estimate of the superiority of hybrids if the level 

of practices and yields were appropriate for the farmer. The 

AAA data cover too narrow an area and too short a period to be 

useful except as a check. The AMS "Identicals" represent farm­

ers’ estimates of superiority of hybrid seed—a desirable feature 

—and restrict themselves to data collected from farms that grow 

both hybrid and open pollinated corn. This is an advantage in 

the sense that it eliminates a large source of bias due to differ­

ences in the level and quality of other inputs. However, as the 

acreage of open pollinated corn becomes small, farmers that still 

grow both become rather unrepresentative. Furthermore, the AMS 

mailing list may be biased to a different degree in different 

parts of the country. But the biggest problem of all, as we shall 

see below, is the lack of relationship between any of these three 

series.

While no comprehensive comparison of the various yield 

series has been attempted, several "spot checks" were made with
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very disquieting results. For 1939-41 there was no apparent re­

lationship between the AAA and the AMS data in Illinois and 

Indiana, with the AMS data substantially below the AAA data. Nor 

did the scatter of the AMS estimates against the AES data yield 

any significant relationship for Iowa 1939-41, Missouri 1939-42, 

and North Carolina 1949-53• In all cases the AES estimates were 

substantially above the AMS and there was even a faint sugges­

tion of a negative relationship.

These results were very discouraging. We have three sets 

of data which purport to measure the same thing, the superiority 

of hybrid over open pollinated varieties, and there is no relation­

ship among them. While they in fact measure different things and 

one would not have expected a perfect relationship, nevertheless 

an undertone of agreement should have been present. The counsel 

of despair is to abandon all these measures.However, I felt 

that there is still some use to be had from these data. In par­

ticular the AMS data for the Corn Belt are reasonably stable and 

follow a pattern suggested by outside knowledge. Also, while 

they may not be any good for indicating year to year changes in 

the superiority of hybrids, longer run averages seem to indicate 

very well the cross-sectional differences in the superiority of 

hybrids over open pollinated varieties.

As an alternative measure of the longer run cross-sec­

tional differences in the superiority of hybrids, I used the 

average pre-hybrid yield of corn. This is based on the wide­

spread belief that hybrids represent a constant percentage gain 

^See Oscar Morgens tern, ”The Accuracy of Economic Observa­
tions,” (Princeton, 1949* Mimeographed).
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of about 15 to 20 per cent over open pollinated varieties. Hence, 

differences in average pre-hybrid yields will imply differences 

in the absolute gain in yield due to the use of hybrids.

Usually an average for the ten years before an area 

reached 10 per cent in hybrids was used as the estimate of the 

average pre-hybrid yield. For states, the source was Agricultural 

Statistics. For crop reporting districts, various published and 

unpublished data from the Al® and from State Agricultural Statis­

ticians were utilized. Sometimes fewer years were included in the 

average, depending on the length of the available series.

III. Other data.

Ho major problem arises in the use of other data beyond 

those already discussed in the text. The sources of other data 

are given in the text and in the Bibliography.



APPENDIX B

A «STATIC" ANALYSIS OF KANSAS DATA

An attempt was made to use the following model to explain 

changes in the observed percentage of total corn acreage planted 

with hybrid seed : Everybody for whom it is profitable to do so 

plants hybrid seed. We have, however, data only on average and 

not on individual profitability of the shift to hybrids. Given 

a smooth, bell-shaped distribution function, the proportion of 

farmers for whom the profitability of the shift to hybrids is 

zero or less will be a decreasing function of average profit­

ability. As an approximation to expected profitability, last 

year’s profitability and a lagged two year average profitability 

were used. "Average profitability" was defined as the average 

increase in yield of hybrids over open pollinated varieties times 

the price of corn and minus the change in the cost of seed (one 

plus the rate of interest times the seeding rate times the dif­

ference between the prices of hybrid and open pollinated seed 

per bushel). A logarithmic time trend was added to take into 

account lags in adjustment and other factors which change slowly 

and uniformly over time. This model was fitted separately to the 

data for each crop reporting district in Kansas (except district 

7) and in addition an over-all regression was computed by pooling 

the data from all the crop reporting districts.

—60—
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The results of these computations are presented in Table 

10. They are uniformly dismal. While the coefficient of "profit­

ability" has the expected sign and is sometimes significantly 

different from zero, time trend alone accounts for approximately 

90 per cent of the variation, with "profitability" contributing 

only an additional 1 to 4 per cent. A futile attempt was made to 

improve upon these results by separating "profitability" into its 

various components—increase in yield, price of corn, price of 

hybrid seed—and by trying first differences. The results were 

even worse.

These results should not be interpreted to imply that the 

general hypothesis is false. The hypothesis that hybrid corn is 

used if it is profitable to do so is almost a tautology. Its 

usefulness depends on our ability to find empirical counterparts 

to "expected profitability." Obviously, last year's or last two 

years’ profitability was not the right choice. In fact, the data 

suggest that given a substantial "objective" profitability, there 

is a more or less uniform process which changes "subjective" 

profitability over time. This serves as a point of departure 

for the analysis presented in Chapter IV.
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REGRESSIONS OF "ORIGIN” ON «MARKET DENSITY” WITHIN EACH 
TECHNICAL REGION: Y^ = a^bj, log

TABLE 13

Region N b r2 21

0
1

10 -4-4
/ 1

(-)« 43 .02
1 16 -4*1 (-1.25 .08
2 20 -5.1 (-).52 .11
3 26 -5*4 (- ) .71 .19
4 23 -4»9 ( - ) • 58 .24
5 23 -3.5 (-).38 .25
6 45 -3.7 (-)*53 .16
7 22 -2.1 (-).20 .10
Ba 37 -1.9 (-).27 .08
8b 16 2.4 (+).ll .07
9 29 1.8 ( + ) .05 .08

10 23 .1 (+).001 .05

The regions are based on Funk Bros. Seed Company’s 
«Maturity Groups.” They are more or less latitudinal divisions 
of the U.S. numbered from North to South. That is, Region 0 
is on the Canadian border, while Region 10 is on the Mexican 
Gulf.
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